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3.2 ANEAMAIUNITAAIAVBINEASMI/UTNITAINIATRIUGN TRl ILAT S3TY

I fa v

ANEAINAIUNITAAINVBINAAA I/UTN15NATBIU RN TARETITeUTEIUIINAIY
aeanslduinislutagdusazuuildunisidaulueuian laglnseidneninaiunisnaia 4 A

Lok AUNITWIANE AUNITNEAT AIUGAAIMNTIN kaEAUN1TITBuAzLINNTIY AIll

3.2.1  funISwwng
waluladdadssidunisuniadonnienisunndnilannudeanisidusnisuazifne nmmg

nsnanas iesantuudasYigUreinanTunaziiaudeinisldlelalnuiadduunnnluilan
nsldlelelnussdegnelinisguavesigmansiiunios Faudansldusslesimanisunmdeandu
nItadenazn13INYILIAs o Al

1Y) cal v

(1) mtadelsamenvmansduades vaneds nseuunsmMenswmengtieaslasu
mideduamgduiilesnainanuiinnivessnanielagldlelelnussd deamnsa
FunangAnssuuaznsadeulmvesdsaldesreiuiiviula euszneunsdidndnw
n1ansunmg 1saftansnsoddededonamansduades liun lsausse lsailauas
waonden lsadalowes Tsanisiudu [udu

2) nssnwilsauaznistidaanuduiaiuidUlsmenvamaniduades lun {uoe
Tspuzsa Uhelsalvseed Wusiu

Sasdunslilelelnufedluilanuuadu msldlelelnufedifiensitededosas 90 uas
nsldlelelnuedifionsinwnazussimiennisegitsesar 10 Fan1sainnisallusunandsnisly
Usglevuarnmaluladiiopdesaiunisunnglag National Research Council and Institute of
Medicine Uszimaansganiini (2007) fuwilulunisinuvsslovivedlelalnufadiion1sitdads
wazdnwilsasing q feinsinwanudilassninsmuduiusvesansiaiiluaues (orain chemistry)
AUNGANTINAN 9 Veuywe

(1) nsUszdfiusruuiefunasnidenwasiale (atherosclerotic cardiovascular
system)

2 ns@nudielidiladenssuiumaniifiagyildseneriauldanuunfandnsinis
WIKANEY (metabolism) LLazqméﬂmamﬁﬁwm (pharmacology) waselu

(3) MsUseiuyszansnmuesenafialmiuazisnissnuuseinneng q Jeaeitliunld
fugaelFg

@ nsthanldlumssnedthelsaussaidumssnyikuuianizunna
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% 1% 1

(5) msRmuasesiodtadedenmanesd (diagnostic imaging instrument) fifinnu
aviungedsannsnitadelsalfifituuasinunsiudiuiniy

Tut9 10 Fhwuraudesn1sfiudadinedeuszifiuanideangiunisunndly

an350LusnlneNIENTWNE1U (Department Of Energy) vodansgaiusnitunisudalolelnused

eedesuinsnidedefituienidadeuasinu wuiiliaudesnislelelnuisdduaumatsvie

(%
Y

nandaldeglutagtu lelalnuiegseninnssuiumsideneadinuaznisildlugandisdugs &

[

mf‘j Y-90, M0o-99, Re-186, I-131, Sr-89, Ir-192, Sm-153, I-125, Lu-177 ey Ho-166

3.2.1.1 aaumsalyeansiunfesuazasindudedluszaulan

naalanvadeansiuadesiul a.e. 2015 dyadi 5.7 Wuduwmseyansss uazaniiag
iwuleludnsnade (CAGR) Uszanafesay 10.2 ol Taslud .. 2024 yarna1ndzgsia 13.8
fuduioyanizy daladuddglumaiuln liun anudesnisnsidedefuiug msduiiaznns
gousureunng n153uiazanudesnisvesdihefiazldfunsinviiianiinisinuiiieisau
naonusuugiielsnusefifiugduagrasaiiios Ins World Health Organization(WHO) szl
Tumesnudodounuanius a.a. 2015 Mdwufiherslmifduganiuiuisesar 70 luaos
nmsswinam videfutuadedosay 3.5 del uenanduiifthedeinanlsemilauazuaoniden
Husruunii 17 e wazaainvgetudulseam 23 Suedul a.a 2030 Sadudafonied

Y ATANLABINITANUIVANEASTIARLSIALTULN D LI UN15H 597008 L5A

15,000.0

10,000.0 [ ]

—
I
I
h i IIIIIII
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

mMNorth America mEurope ®Asia Pacific = Latin America mMEA

#137: grandviewresearch.com g aUVT8Yansy

U 3.1 aanaundwsalaniull a.a. 2013-2024
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nsthweansiaadesaldlunsunmduauseig q Wty seludunasaiden/fila fu
Uszanvingn funsIsen/masnau muuetsaing N13esIansEan wara1enmnIsviniauvedls fu
Falualaonseronisveefivemalnndyinmsed (Radiopharmaceuticals) madilud a.a. 2020 92
fyarUszunn 6 uauvseyansy lneaandiulngazegluniinimeiuinimile uazginiaeie
wlairldnsnisiiulngeansesay 10.4 sl (7111 : Global Industry Analyst. Inc)
dmsunisitdadelsanigwmalan1sas19n I nniansatansiaadss (Imaging in Nuclear
Medicine) Ingldszuuindiduazuszananiniiereuiinnes Usznoufulelelnused Tnsldfuindes
A9 9 laun
® iim (PET: Positron Emission Tomography)
o adnd (SPECT: Single Photon Emission Computed Tomography)

% = A . .
®  NITETNAMNITTUUNYUIBUVDILADA (Cardiovascular Imaging)

® N131313NT2AN (Bone Scanning)

L4 1

lelalnusadnfinnusiosnisgdlunaialan én Tc-99m denismanisaisznind am. 2017-
2022 Taey OECD Nuclear Energy Agency (NEA) ssqmméfaqmsaejﬁ 9,000 A3sie 6 Fulu 1 dUan
Tneiisnsnsiuindesas 0.5 dwsunanndisudiuds (Mature Market) Ssmanniiinanudenis Mo-
99/Tc-99m AnTudesas 84 103 udBIN1TTINRrunveslan dmsunaindsemaridaiaun

(Developing Market) finudasnisAaniliudesas 16 vesa1udeInsTINtulsnsIn1sAulnves

'
v ad o o [y [y

ANUABINIT  Tc-99m Sasas 5 @4 Tc-99m Hulelalnussdndranlunisidadssiuniuinias SPECT

o

way PET n1538aden19indessasay 80-85 19 Tc-99m Aadu 40 a1uasIvasn1sitadenet lay
wusduewsnuuiieldnisitaduse Tc-99m Saway 50 glsuSesaz 30-40

o aa fa o d‘d o

wanaN Tc-99m uaalelelnussd@nausandnlaanesesufnsailiedeideniiaudidgy
e toun -131 Feienguiiianudesnisuinlunisinunssdlnsesd uay I-192 luns
UTIIM191N159nNEL5eTanEee 9 laun Jon Aswy ae gesU1n maduniela uazvaenldon

Lelglnusednausandalaaneisslfnsaiianedesidowasn1svinideneedtn wanddunisnen 3.2
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asafi 3.2 lelalnuedinanldanniedesdfsaidundesideninnsldlutagunagnisviiidonis
AAINIINYBYATDY European Commission kag Technopolis
Tc-99m n53fladefenisatenmiiionineanmussuzise wla nsnsansegn
AN ITIUYRdle AU duee uazUen

Xe-133 ANFINIRYANILANTANYNINLATIATIINFIINUVBIU DA

sa o aa

M15197 3.2 lolglnuSednudnldaniasesuJnsalinefesideninisldlulagtuiaznisiidents

AATinAINTayauee European Commission wag Technopolis (#9)

lolelnused Uselawil

-131 mssnwAnuReUnivetinsesduazuzsilvsesd

Sr-89 N3UTINIDINISUININNITUNSNIEBYRINSlUTInssan

Ir-192 n1ssnwneisdungu uzisaven aues Ao Yo1U1n mMuiuniele nasaden
UZLSIHENGNNNIN

Sm-153 MIsnwNzEnsERNRAzUsIIMEINTUIRINUBL S IunsnsEaneluNnsegn

Re-186 mM3snwdedniaukazussvneINsUnanussunsnszanelufinszen

Re-188 mssnwilesentulnsesduazussaniinisunsnszangluninsegn

W-188 masnwuziswazlsnguiness lhiunain Re-188

-125 MIsNWLBSIRRNNINNLAZLZLSITIAT

Y-90 mMasnwdedniausazusiswou e

Sr-90 nssnwuzselaunan Y-90

Er-169 nsinwlsAguInesn

Lu-177 mssnwilesentilafie q uarnssrykeuRueRdInTUNIINYINLLSS

Ho-166 Wawdmiunsinwluussediviaruzsmaenidon

waznsinwlulsaguinegs

11 $3U59AN European Commission (2009); Technopolis (2008)

nsaansalkalifunsldlelelnyusdimenisinwaniesesunsaiiinedesideluglsuain
Ly azdin il daiinduluyied A.a. 2010-2015 ek Sm-153, Ho-166, Y-90 wag Lu-177 diu
Tolalnussdau q dulinsldauluszauiin nandslianasuagliiudu laun 1-131, Sr-89, Ir-192,

Re-186, 1-125
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usnnlelelnussddraduudiniosujnsaidandofidoaunsonanlelelnusddy o dseg
seninmsifouagiann il Ar77, Co-67, Pd-103, Sc-47, Pt-195, Tin-177m, Ac-255/Bi-213 uae
Ac-255/Ra-223 wazazyinlviinauidenislulawsinealunguues Alpha Emitter (European
Commission, 2009)
nsfnwinisldlelelnufsdnniaiesufnsalinndesideluglsy Technopolis (2008) 3
Fonndhilunsiannsdl
(1) Mswmw Tracers wag Markers mifildlun3os PET Tusgduuilumalulad  wavlule
wialulad
2) nmswauinsineludusnwmiioninainnisld 1-131 Tunisinwilvsosa wasy Ir-192
dnfuuziwiongnun dregratumsld Lu-177 fAfinsldsnuluadausnly 10 Ui
uluilosondeuldvie §114 fu wazmsunsnszaneludeiisng q Senssnulagld Lu177
LinunWTInuazannsalifindelstn 4

(3) SrarvIaUMTNRILINWITELansSAwdmsulelelnuSadlulazldsyerianlunisaiu

ASEUIUMITeN9Ratneg1tay 8 U waznisunlulygasludn 10

¥
a v A

M550 lelalnUSadninswaukaz Tl s AN N AW WAl el

M1319% 3.3 N1sUseynalduselerianlelglnusdnianisunndannasesunsaiinefe el

USENANWAUILED

nslause el OOGIGRGE NINE

Tc-99m  nsadnngnesdiieddady du Jen o o o o o
nszan o uasiila
131 ShwinmglnsesniduiivuarugiSwion o o O O O
nsoun
Sm-153  anen1sUinnsegniuitielsauisansean

Cr-51 nsUszidiunmsiiauvedls

00O

Ga-67  Hodgkin’s Disease TspuziSeontnndns
uzideen waznsindeldsundy

1123 1995993V n1sUseidusservedlsa waz . O
nsAnmINeINIsYesNzissauvuantnly
N (Neuroblastoma)

I-192  nsSnwusidungu uzisalen dues Ao o O O
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Y93U1n Nafuniela vasalden uziSe

ARNgNLN
Mo-99  ieliluussinauazdioan O O (o]
125  1dlunisSnwisiewmaila Brachytherapy o

dnsunzisangnvuntussesauusn

M1319% 3.3 nM3Useynaldusylevdanlelglnuiadninisunngdatninsesunsalidaeiesidely

UsEnANWUILED (5)

1alalny nslguselawl sommside  nwd  Fu  ewdm  ddu

Sr/Y-90  I9lunissnwnuzSaagianisusisanauiaod (o)

%M Non-Hodgkin's Lymphoma uagugisasu

P-32  14lun1s$hwinnig Polycythemia vera O O O
Au-198  lHlunissnwruzidanazSnulsadadniaugun O O O
AOYUR
Ho-166 = simudnsunssnulungiSeiunazuzisanaon o o
\don

wazn1ssnelulsagunness

Lu-177  ms$hwnilesenadiaciig 9 LLazmﬁquLau?T o o (o]
UoRAMIUNTS LTSS

cr-51  Mddfievsuendawadifiadeaunsuazuszifiu (o]
Unadusiuiigaydeluanaildidn

Buq  *Co, ®Ni, ¥6d,Cf, K, “Cu, “'Cu, 117Msn, o
195mPt, ZZSAC, 43K, 1O3Pd, 188W, 117m5n, 147Pm,
186Re, 47SC, SSFe, 119Sn, 199AU, 355’ 51Cr, 24Na,

18F, 140La, 165Dy

a a > > ¢ a ca A gaw = & vy a
1 suswanund 3 deyan1slivseleviiasesunsaiinndeside lusenumsfnwanudululdmunaiia

asumsiiulaveswmaiandysadainnisallud a.a. 2020 dyar 6 HuaUTEYaNTEY 8057

o «a

Udd‘a

ASHRUlANNSINSLaL 10.4 9ol ANNSUNINITIUAIUNISTLINNGINANTLE L0 Lo TNUSIANNAN1INLAT D

Ufnsailnadeside dnsldlelelnufdninisidadesasinet Anludadiunisidadenilanegi
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Soway 90 lolglnuswdndraglunsidady laun Tc-99m wag 131 densinisiaulndesas 0.5 Tu

LYY P

Usenanimuinan drulssimaniidaiaunddnsinisaulansesas 5 drunissnefsdudndiu

i I

Ypvay 10 lneillolelnusedfidrdey 1oun 1131, Sm-153, Sr-89, Ir-192, Re-186, 1125, Ho-166, Lu-
177, Y-90 dwiulelalnuildogrsunsvarslulszimaanszowdnn nguuszmaglsl ooamside
i Fu warditu 1WA 1131 uay Sm-153 dau Lu-177 Eldlumsinwlussozusn lelalnu$edi
Juwwilduannmsaianisainisldauuinantdagduiad a.e. 2025 leua 1-131, Sm-153, Y-90, Lu-177
way Ho-166 n1sldflelelnussdidunmsitadouassnuldluseduulumaluladuazlulomaluladda
Wunwildumansunmdlusuiandadinszuiunisidsuasiauilagldnainisiauinieaine i
tloy 8 Uriouawtianlyitugae

3.2.1.2 ANSIATIZVANLAINAAAAIULVANERSUARY S TuUsZIA tne

aad 4

(1) adfnneatasiunsitadeuassnwgUlsiiensransionges

Tutlagtudsemalneinilelelnudsdaindasema Ssflsiniuns ilknssnmenuiai
singenulude Jaduniszalidederalsmeuianasding mnussmdlnednhenuiiannse
wanlelelnuTadliiiesmeiuanudeinisniglulssmmzsannisdndilelalnuSdansaseina
yufnaveslelslnusdaziinmiianas silnsddwinmmesiireifimsugiusuiunansieans
faudululdunntudig mifnwedadihdavadigiaslunlsaiifeddanndussdlunitade
uazfnuifieusziiuanudesmannismaalulsemalng Ussianvesithefiiun@nw o fuae
nlsalvseed lsauess lsaiilauasraenion

Mnadfassugeiiieitesvosuszmalnefafiisuenuariaelu wudesidaveanis

FINNaiAremiienunasy ud adfaisisuguamainvesUssmessliiinmsduniudeyagiay

(%
v v Y = a Y o W

YRINFANNUMIUAT WAzl TINEIUIaUBNANANTENTNEAITITUAY Aeuutayadaiivedninlun1seneds

Y

a

vugTivayanisldlelalnusadlidfinsiiusivsulindinaudsunaiodud

M15199 3.4 adfgUreuen adfgUlely uazadAnisdedinanlsausss wazgUislnseedlungy

Y Y

1S INEIUIRENANTENTIEATITUEY

U159 nsoud
KUaeuan gUaelu nsidedIn gUaely
Un.n 31U Sas 31U S 31U Sas 31U Sas
(Aw) Waguudas | (AW) | wWasuudas (Aw) Wasuwlas | (AY) | wWasuwlas
2550 846,062 74,834 53,434 35,140
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U39 nseed
fUeuen AT nsidedin AT
Un.r MUY Sasn MUY S5 MUY Sasn MUY Sasn
(Aw) Waguwlas | (AW) | Wasuudas (Aw) Wasuwlas | (AY) | wWasuudas
2551 987,193 16.68 77,173 3.13 55,403 3.68 | 33,125 (5.73)
2552 1,138,585 15.34 76,866 (0.40) 56,058 1.18 | 43,012 29.85
2553 1,246,832 9.51 83,064 8.06 58,076 3.60 | 42,363 (1.51)
2554 1,304,527 4.63 89,841 8.16 61,082 5.18 | 48,056 13.44
2555 1,309,211 0.36 90,519 0.75 63,272 3.59 | 52,446 9.14
2556 1,298,875 (0.79) - - 67,694 6.99 - -
2557 1,419,796 9.31 - - 70,075 3.52 - -

731: drinanuadAwLrarng

vianews U w.a. 2556 wasl wa. 2557 Salufiadfdelunziuagivsosd

Y
I

afffnsueniftasuzSafinandululne 2557 $ovaz 9.31 vnefideund we. 2552 &
wlifuanas fUheluidhiunissnuilssinnueuindesfuesgiisuzifedsadfsoauiad na.
2555 duunldvanasuadsldiinissisaulud w.ea. 2557 dnsin1sidedinmaelsaugiSalut w.e. 2557
Amdudosar 3.52 9nens1N15 88730 5 Vdoundemuinlifidnwasvewurliufiazussuianisle
og1sdalan drudiaslnsosdlul w2555 Wutudesay 9.14 wudodunelud w.a.2552 Aifinns

\inTugeieieay 29.85

v v a

a aa V1 J < I a v o w
ﬂ']iLﬁEJGU’JWUENE‘JJU'JEJ‘U?%L“VI?TIV]EJW“U'J'] UL BHUUANANDUAULTA ’ﬂﬂﬂﬁﬂ(ﬂ%ﬂ?ﬂli’lﬂ%@ﬂﬁ?ﬂﬂ

q

WlEUIBULATENSAIERS NTENTIEIBITNGY (W.A.2558) Wuidn dndrugUlenzsaluyae 4 Unkiuund

wwrltufiiuintusasiidadrulodisuiugieraliuniuime TneusSinuuniiganiuaidu

(%
o

Town uziFuduy vzidaldnaznisnin uzisedulaznaing uziSwasnay nasnaInisLazUan

& o 1 2 « = ' o o d' o 1 | & v 1
NZLiQi\ﬂSU 3883%@\11]8LS\TWWUNﬂqiLL‘WiﬂiZQ'}Ul‘UEN'E]'JEJ'JS@U 9 SU'E]\‘]%U'JEJIV]N bYU NSLSQLWWUNQQIU

syey 4 Sovay 11.3 uziedldivg Sevay 15.2 upiSeiuiovay 47.1 uziSeendosas 61.1 N3

Y
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o
A
o
&
|
2554
2558
[=7]
& 1n
l L Ailiiii
AL
Wi lwawaan than lsiala aif@we wsou dsa o lwnadn Falsa ofdaiu
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nsaneSeddayualn anu. WusnslagldSsdtansoulumsusuussnun ndyudlvednung
(Topaz) AnA1usn1silansuay 40,000-50,000 UMW waEdeNIINITVLIBAIVBINISITUSNITanasSoas
52.86 WpsanUszdnsnmvesaiasunsaiiedesiudagiuiivsedvinimanas itlvididenisnée

Ldiiganaraainudein1svesnaianddulssmelnewaginssema dagusenaunisiudyudily

v a v =

Uszwalnedanudeinisanessdsyudlitesnin 3-4 dused (William J. Trevithick, 2560) Fuu
yamine anu. Temald3uAnidu 120-160 &ruum wagdszmmanigondnifinnusiosnsdnyud
dendAnduyadlaesiedegil 1.25 wudnumsed ddlutiel wa. 2509-2553 Usumelnefindusu 1
Tu 10 vaanguussinadoendgudiiienludsssmeaansys (U.S. Department of the Interior, 2004-

2011) AflyaAn1sduddyudliiisusiuaindtfesay 90 veanguusemalnddyualiieuluds

Usziwmansgavianue Syarlaewdeedi 31 dSuuimsel Andudndiuiosas 3 uansiuszmelng

<9

a N ° Y ! v A @ I = ! a Ao a
Eﬁﬁq]]LaEJIE)ﬂ']aVl"USﬂqiqﬁlmﬂu@ﬂﬂﬁq 30 auuUINAUY EJ\‘]liJi'Jllﬂ\‘lﬂaquﬂigL‘Wﬂ@u ] NYIUAIY

o o

v o a a o d' o ~ i 1 al a
ADINTITIBDEYNAULNYUDNITUIUNIN ELuGUmng‘{j‘U‘q‘Uu Blue Topaz U3NAIRNLINDYN 15 LAY AT

Y el

w3aUsEun 500 UM Fadlaiguiusalnunendaldiunisaieded aelisiaegn 175 vindenyn

(Moreno Y Nicoleta wagmady, 2017)

1 (7 o)

asuaudnual Ussinnvedlnuneisiaiaslaun London Blue Topaz 1A TUAUN 2.5

q

a Y 1 (% I

WMIansga fenssn @3 Swiss Blue Topaz S1ANSUAUN 1.5 IMT8yansyg danssn nainsiy

<

Yo gyualany a.e. 2005 Wiy 146 Wudwwmseansy aainiivaigavesdyudlogiussine

o <

o

anssasni Andusesas 20.8 vamatailan Inunegiduali1udoin1susanatalaganizly

&9

[

a = £ a = [ LYY
ﬁ‘lﬁiﬁ@LuiﬂﬂL‘LJ’ENﬂ?ﬂﬁ??ﬂ%@U%@ﬂﬁj%@ﬂuUi%LV]ﬂI@EJﬂJEJ@@ﬂHEJSU@QIVl wnglduduaunsnluussina

wueifUsznoun1sineaianisalausesnislunisldusnisi anu. Useuna 3-4 dudelAnduya

AnilenalasuAadu 120-160 a1uuw

3.2.3.2 nsasavdaulaglivinane

nsasiageulaglivhatedumsldSdarsniiuiinats vsenansusiudnsenuaauuLHuiE
Tngldvhanedunudithamegeu Son3snsiin “n1sarenmiiesd (Radiography)” Insusenii
Tiuinisasiaaeulngliviatgluussndalne deuldlolelnused Se-75 uay -192 WWudrulug
Useleriannnsldsedlagldans se-75 fio wnzdwmduavluidelianunsaldiedeaduiiniediondlu
msnrnaeuld dunslisedlagldans -192 Femnalunamaneaisgs muzdmiunuiiituan
wunlsuwiman 6 fadwnstuludsldannsaldiriesnindsaondfiingrumls

Uagduguseneunisdilngdesdudrlelelny 1192 annseuseine laglyaaidnid

Usgana 10-15 Eruumsied Taefianana3sdin (Half lfe) 73.83 Ju uazndssuoglugis 215-612
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keV dulelulny Se-75 fszoznannds¥in 119.8 Fu uazwdsnueelugis 100-400 keV Fannsrd
Sduraradnsdeuiiosvovnatniedinlunisvudsednedoslsinnit 45 Su dwaliensiAusnnsnns
Menndefadiauimagatu dedansondeldlulsamelneagyiilfansesna andunuas ua
dulonalunsvereivesuinsdui delagtuaudosnislduinisnismsaaeulaglivhansly
AMSILTIUSINAIAINEBINNTNSATIVEBULTILT URIUAT WA 2550-2559 ann59dt 2.16 H8R5INNS
dulndevay 25 Waiflsuain 5 Ideu wazilefansananuunIduiifiuty wandiifiuinmudosns
THu3nsmsnsavaeulnglivihanefivsunaiiumnniuegesoiion uid w.e. 2559 usaziisieldanas

WemnngundsnuiasUlnsedivsinanuianas dawalisielalud w.e. 2559 anawmuluse

A1519% 3.8 s1elenisliusnisasiaaeulagluvinans

msnedeulawlivinane 17794 22166 21548 * * *
NN5ASIATIUTDY 175.19  180.28  181.52 * * *
s9ldBu 4.29 4.03 4.13 < e e
s2uswlA (@wun) 357.42 40597  401.13  500.89  510.02  445.78

e * linudaya

fiun: eaawmA (2558)

wanngnaimnssunsivasulaeliviareludssimadinguldlolalny Yb-169 lunns
M5I9ARVTUNIUTUIarAdldAIINaLBungs LaalAunuITuIL 4-15 aduns (Giligan

a1

Engineering Services, 2016) 3slalalny Yb-169 fifnA3edin 32.12 Ju waznaauagluye 63-308
keV dhagsgnamnssufildnisdenmene$ed I8l viedsine uasvedsiiiy sesidioslans Boilers
Fudueuoud Tuduaiosdy
feegsmansaaeulagliviianelunsmsasesideslavlunuaiimiseu 2 Tassns lusy
Waa3n1 UssmAansgewusni Ao Interstate 595 waz Selmon Expressway ¥i1n15LAUaAANIT
nyvaeulnglivihaeifiowSsuiisunisldaunsenmiessd (RT) minsvaeusenduauigs
(UT) waznmsnsavaeusenduidssauigauuudaGoaa (PAUT) Gsunisionmiesd (RT) 3

11U 108 91U IMNTIUNUA 254 91U BaTLAndIUNITVINUNINDNSosaY 43
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3.2.3.3 nslavansnaiagy
Faneu (Silicon : Si) wuldlusssumd WosuiiuesndiaulazeynenvessIndu q 9w
Anduddina (Silicates) Fanuldluduidenlaninnnitfesar 26 Tasithluiduiisandu fe arend
(Quartz) %30 mevlad ddldthuwdndulansdanou lddmiunanlunugaamnssusig 9 3373
ﬁmsmé’md’;maq%aﬂauﬁmameﬂmﬁa*ﬁ'ﬁaLﬂwé’mfu annsauvaduinsnmng 9 Tgrgtat (LUYINg
9311, 2558)
(1) wels@dnau (Ferrosilicon) Ysgnause@dnauuinnitsesas 50 urlulduselayily
gnamnTsuwEn Weriuaruudunssvituitelany
(2) @Anau (Silicon) Uszneumedineusesay 97 (Regular) tluldusslewidlugnavngsy
Taeyhly
(3) NM3uARA1ASFIN (Semiconducton) Usznausedaneufosay 99.97 1uddneuiil
mmu%qw%}_jn (Hyper pure) ilUlduseleviluruddidnnsedind nsudaansieiath

4

WAZLTAANE N UASD TN
deindaneuiifinnmuigniguitunssurunislavdaneusasnisetuiianseu (Neutron
Transmutation Doping of Silicon: NTD) %ﬂﬂﬂiﬁuqmmwmiumﬁﬂﬁﬁﬁﬁ (Semiconductor) Liie
HAMWHIIIITVUIALAN (Microcircuits) UazgnamnIsugadnduuasending (Solar Energy) ludl w.a.
2557 USunauazyannineinsuinenduesUszmalne S51aede 750 vn/du TnefiuTunm
117,060,169 i Annduyadn 87,795.13 &1uum
druunasind1@dneundidgy lud 3ade Ju uauinn Lwgeal wensnnld us1da
g wazdy o Wy lnesiaededanauudazinsafiansanldainmsned 3.9 dmsuianeud

Ilugpamnssuaulvg siaedeaiansgf 60.13 vmseilansu (@alisiunidungi)

- a aa | i
A9 3.9 IIAURRYVDIVANDULNTARAN € wii’fluqmamnsim

Price, Average, Baht per kg 2012 2013 2014

Si

Ferrosilicon, 50%Si 66.08 68.06 71.37 66.74 54.19
Ferrosilicon, 75%Si 60.79 62.11 64.76 58.15 45.59
Silicon metal 83.92 80.62 9251 83.92 60.13

fisn: Mineral Commodity Silicon Summaries, 2017
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Jagduiinisiimalulagdande furimuiansnanidn (Semi-Conductor) Mldlugunsal
Bildnnselind WU N5 uTames (Transistors) lalen (Diode) way IC chips (WA.A5.8ANIY ADOUIA,

2558) Fagunsalwmardanunsadluldlugaamnssudmsueueudlnii wazgnainnssungeany

[ a

az01n Inegnavnssumaiivlandnde Power Electronics Fagunsaiiannssiinddndusadl

4 =

nszualindusiduindeu vinligunsaididnnsedinddiulnagd1.0usoadl Power Electronics

>

Y o=

Usznauagaig wu erueudliin salwilh ndsnueaduaseiing iludu Jausslevives Power
Electronics asidusmiuauuaziuainaanulni insizuunmedausadniiuiazinenasaului

louddadoadidiuavauuazudasinliiados duielinisldauiunneiiiussdnsninasdu 3

[
=

Sududeadimswauussiulniuavnseualnilusivesunmesiiiinanndy (Ryan owens, 2014)

nsldwelulagduedesniludnisnianannsaiaununnesviiuszavsningauls 39lad
N19338lay Jae W. Kwon §38m1an51915891nun1inededarys lunisiauiwunmesiinies
(Nuclear Battery) #sldimaluladilauus wazordesuiniased Sr-90 Wuunasmasnulnied vin

TiLuswasiauiadnas dmdniun wasiusz@nsangsdu lneledieuiuuunmeaniliuunnes

Huadesaziiongmsldnuuinniuuawesmliunanewin

Crash Sensor BMS TX Integrated
Battery Modules

Blower

Electrical
Conter

Inductors
Current Sensor
Power Electronics
Main Frame

Contactors Service Plug

ﬁm: David L. Anderson, Sustainable Manufacturing

gﬂ‘ﬁ 3.9 Lithium-lon Battery Manufacturing for EV power trains
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£dge prolliag

Laser mark

| — _-=.5.;.’-_'¢1557i§9 -8

-

ct7'llﬂ,ﬂ: David L. Anderson, Sustainable Manufacturing

g‘dﬁ 3.10 IC Fabrication Overview Procedure of Silicon Wafer Production

[%

WHuTANOU (Silicon Wafer) n1snanunudaneugnimdugnaimnssusuii faunsadrtuld
nanduTududmiuaunsalBidnvsedndsne Inenssurunandnuiudaneu degui 3.10 dvanue
5 nsgurumavan Taganunsouvadu 3 gaanwnssuvan liun enavnssuduiln eaaImnssunaIsul

wazgaamnssUUanetn fil

[

> qmammsuﬁufw YeIMTinsEUILMSH

1. m3Ugnuanuvisanau (Crystal Growth)
2. N6

- Crystal Eval/Crop/Grind/Notch

- Wire Saw
3. nsladansiefaidenisetusidinseu
4. MIUA

- Edge Profiling

- Laser Mark
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- Wafer lapping
- Wafer Etching
- Wafer cleaning
- Epitaxial deposition
5. NIATIAAALLNAMAIN
- Electronic inspection
- Finished Wafers
> guamnssunanath WA nsvinFudiudidnmsetind (Power Electronics)
> gawinssudaisth dun manEneusudlii
AUABINITAAIA NTD Silicon 1wl a.f. 2011 yar 113.2 uduwseyanss, wazlul an.
2015 fiyar 87 fuduvisgansyy Jsaumguesnisanadutisl a.e. 2012 faunmunaindadesu
AMEIATERIANADY N15A1ANNTAIY8A Yole (2013) Fauanslugud 3.11 (3a3nsue18vUINT0IRAN

fapafintusgesieiiion uargnanazsainulinunmlussiunsillousniy

Select substrates wafer market, power electronics M$
1200,0 MS
1000,0 M$
800,0MS —— ———— .
g
- 600,0 M
8 S
400,0M$ — — -
2000MS  —— ———— —
0,0Ms E—— [
2011 2012 2013 2014 2015
l W SiFZNTD 113,2 MS 73,0 MS 77,2 MS 81,8 MS 87,0 MS
I m SiFZ PFZ 277.5 MS 228,0 MS 240,8 MS 260,1 MS 282,3 MS
WSICZ&CZ+Epi| 5580MS | 5466M$S 568,5 M$ 585,2 M$ 602,3 M$

i Yole, 2013

E‘U‘ﬁ 3.11 Wafer market development, power electronics, actual and forecast

WosanUsewelnedeliiananrnssuauinlun1sHanuNUBaNoU d9Halra It LU hH Y

]

Fansuuniioiin1sndnuarideandseinadealus uazddu Jauduganeunlaundililaaunin
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maidesnng MilideansunszuunsUfuusauameuiiazvinislaUa1sisiath (o-n junction)
Fansrurunislavansiesniraudu Power device Lﬂuqma’mmimmqfﬂ Uagtuusemalnedalad
gnAMINTILU AN T

Usemaidugiunisnanuisdanou (ingot) 1éun twessiu Timiu 1nwd goias giasu Wudy
Fsmnlutszmalnanansafugrunsdnusuianeulflos azdisandunulunmsiidiusiudanou
Isiunn 1ilesanuisdaneuiismgnninukusaneunn uaznisasmusdnnsda 4 wiuddneu Mdu

gnamnssNYeRudn IRuamuitldawndn uandagdudddigusenaunisuiamu feen

Y

o w

grannIsuNa1adl wazdaneilulsswelneiidedndnlunisuds Fmniiseslnsalinnies

4

= 1

WoaztelFgramnssunarniuasUaeiiiulniuegnenn uazazdmaliingaavnssuduiily
Uszimeilng

USu1uanuAednis (Demand) 1uqmmvmiimawﬁqﬁaﬁwﬁ"ﬂaﬂ (Global Wafers Co., 2016)
91nadi WsTS Tud a.a. 2017 lasuiadl 1 wui gramnssuansieitilunainsilaniiyad 92.6

auwiseansg Wesuiulasuanewlud a.e. 2016 lasuiai 4 wudngeainnssuiiiinisanoey

'
= =

anasseuay 0.4 walaweunulneuninfel a.a. 2016 wsuian 1 d9nsinsiiulndesesay 18.1

laglut a.a. 2016 naingnavinssuansneiinvessemagUuilyadl 8.6 a1uwmsuyansg Tl

gnsnsiulnsesar 10.5 Waeguandneu wazaaingnaivnssuashsiniluiaulssinaglsull

yaA1 8.9 AMumteganigt Fulldnsimsiivlndesar 19.3 WelleuainUneu dulssmalaulade

dg o ¥ = a v a ¥ d‘ =
ARINBYAFINNITTUEAININIUINYAAT 20.84 dNULNIYLYENRIT™ Felomsnsiaulniesas 3.6 Welgu

U 9
NTUneY WAlaisuINANABINIT (Demand) Uagidein1suan (Supply) degui 3.12 lading

neNsaiNITvEeiATEENalugnanIIUNIHENA1SNILNEN 5 Vamih Ayarinsiiulaiiuiiy

Soeay 20.8 Waieuand a.a. 2016
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Billions of Dollars and Revenue Growth
45 Semiconductor Revenue 4.7%
Milestones
400 $50B 1989 2.4%, - 15%  chaEA
1008 1996 st 304 o 0 oI $396.6
375 $200B 2000 $385.7 A
‘ $300B 2010
350 $4008 2021 8.5% . 2.6%
$342.4 A $343.5
325 5.2%
2.1%
31.8% 26%  CEAEE)
00| e Sl e $340  $364  $378  $381  $303
' 4Q16Forecast > o 7ou 38%  08%  3.2%
275
250
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
4Q16 Forecast m1Q17 Forecast

'*71Im : Global Wafers Co., 2016
U 3.12 wnltumsveeiiasugislugnavinssunsaanansisiniivilan
Faued A 2010-2021
wona NN TMEC frdawmun Battery fildd@m3u Backup T lugaaimnssusig 4 Lile
drsedlnlunis Startup w3esdng wsedutisfiveldnssudliinunn dmalinieulamesnisiii
\Ann1s Overload vasnszualalii Tngldinnssaufiefumenisindidnendn (Nl fezfiudnonin
Yol unneIitagiuunasinefi@ndliila 12 v arug 100 Ah Wiy 48V aauq 2008h 1neld

wAlulagiAdeslunSNMUNITUEIU Power device TULURLADS

3.2.3.4 MIAATIENANUADINITVIIGNAIAIURATINNTTY
1) ANUABINITATUD YU

4 o v ! v d Al [ ! a o ! d'
Q‘Uigﬂ@‘Uﬂ'ﬁuqL”lﬂLLﬁ%ﬁﬂ@@ﬂ@i‘gNmﬂJ@ﬂﬂi%LVIﬂVLVIEJSJISJu’E]EJﬂ'J’] 50 USHN Imaa&am‘[mww

¥
{ =

ya ] o Y] v = a = o a A a & a a6
ﬂqﬂiﬂﬂﬂaﬂ%‘jﬂcﬂu 4-5 L'V]']ﬂ']ﬂwaﬂzﬂqﬂﬂqiﬁﬂa‘Umunu‘Uﬂiuaﬂ 5-10 U WaﬂzﬂqﬂNLﬂiﬂﬂﬂaﬂiﬂJUULﬂaﬂi

Y

o v 1

Weuay MATTENNITUTNTIUNIG L. 3INTU WA dNU. ABIEINTAAIUANANNN TAUAITIL
TININeAEnIa U YURILAZIATEIUIZAUADYNTIVEDU LazTidAYAIlN1aInNSNERILiEINDA2e
UadendAgyndininn1seuiiinTeu Ae A1T9lsEUUNTOITIATEUNGNIUT (Thermal neutron) 717
A A | = Y v ad a o o &4 aa o ° 1
WeNagyIuanszeslial Cooldown wiaeansiniudiunsedniinainnisanesdn3adindgu vinlv

USunaanadluniandusy
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2) AanasipenInsvaaulaglivinans

msltlelalnuisd ir192 ilelunisnsaeaeumnuauysaivedanglasnsioamieded wu
M3A5I9ARUTBBI1I 50857 SouiTenvewiaufandeviodauseiu (Judu gty fuszneunisdes
tudlelelnuded 192 91ndaUszma win anu. Sn1suAstuies fusznaumndondiagliuing
fums anu. nsgmsiidiasiiguassaiFesesnginue 3nsigindunuazdieon dalaeiade

wnilyartninuszana 10-15 auumsied

[ A o

YA UNTAIaIENINe1Y Ir-192 FUTuaFadENUI U uUsEIna 100 Ci (Curie; Ci) doyn 1A39

W30 (Half-Life) 74 Tu Hyad1Uszanns 100,000 umseyn TElauseunn 200 Tu Ingusenauns
meanirindszmalneazanunsondnlaies dshiUszneunsihfedidmniesesiinnudssiitinan
nszvunsind nanfemniinanuarirlunssuiumnindguszneunsargadsUTinusedi
tidanlulasdsslond dagtumsthisdidanludssmaadldinanesnaiios 45 Fu uenaintivin
Uszindlneiiedosiiouazgunsallumsuanuenainmsldusylovidugnamnssuuds azdunmsiiy

TonalunsWmUIAIUNISANEILAEIFEUINTU
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lusgAvidemiindunaznuidenisuiumiienuduy 4 nanused swufwanuidendilug
(Y (% fa Qy oA e’l’ 1 Y ] =2 a o

winnssuwasninddunedugn 2 Junudel wenaind ananlddnglunisdsurainslufinuide

syauUsggenluneuszing 2 audet LazaIN1903095UNITHAILNINAIAUNIAIUIAINTTULAS

wialuladirdeslaegieios 30 Ausiol TuseAun1sAnwInIge il

a a

o USeyans Aemnssuiluedes 5 au

a a

®  U3gns Memans 10 A

a s 3

Qln Adndnsunnd 4 au

[
[l
and

Py

o gyl Amnssudundes 3 au
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
Specification) vauAsasUfnsaliiaadasidedninuansanivanunisaivasUszmalnedagiu

o USgyaln Inenmansuazvinalulagiundes 6 au

a

o  U3geyen Aenssuiliedes 2 au
wonaNNITuINIsIuNUITenad deldlunisiineusumisuanunieuynainsly
Tassnslsslimdsiundesiiiosesiuununsimuinisndaliin POP 2015 1w 20 Ausied
swdsnsfngauvendwihfimslindiondauas Bantindn raieiiauladielianaug
AT tazaszuindenudAgyIoIndsuiledys
LU SHARYRINEN U UNaNATBLaT L TINT I ATe AU s LBug b
funfdseusuinermaniuasineluladiinedes Wedeusuiigiunandnisifiutu fuan

Tuguil 4.6

35
30
% 25 B Hanuiey
g
= 20 ! B AsaUNANERIAUY
2 ]% )
Z 15 I]%i = thausy
- L
a [ 3 _—
= l §§ Avidlns
& 10 %
lﬂ% B s wAuvienu
> 0
.
0 J ; fgg

Jagiu 9UNAR

JUN 4.6 UHUN1IHERTRINGNINWITBLAz U InNTIX

4.2.6 AUNIINATBULAZIATIENIEN

uumsliuinmsdunmadeuLar i witan fnandadhmanenisliuinng il

1. MINATIZIIMEIT Neutron Activation Analysis (NAA) lun1siinsieiisnneae
mseuihnseudadumsiengisimuuuianesiodns 13nsesiesduszneusigifuuiam
1N Sanfiuniinsziasdusegatanlunguausuduned ey wu mylnszidiase (Fly
Ash) Lﬁ’ejmiﬂizL:ﬁuwaﬂiswumﬁﬁlunmﬁam (Environmental Impact Assessment, EIA) 910

Lsalniivemdeyalunisviwed sl (umaiuAadTnusssy LA UAUATIREOULIETR)

N = o ]

lnglan1gs19nenn (Rare Earth) 31nnd3gunsunineInsssal Jallyad1miaasugiags Yeya
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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MnunugsRadutumslaTzidae NAA Usaidiuld 1,000 adwiol TnsRnAruinisassas 1,000
UM

2. N1153AS181519A835 Prompt Gamma Neutron Activation Analysis (PGNAA)
mmim/‘hmﬁmeﬁﬁmﬁmﬂﬁﬂ NAA Tianunsavinld 1w 519 H, C, O, B vudlngidunis

WATERTagnIeeeaIvnTIL W smesruszneuluyudiuuduazaiuiiu Jagdudildidalusnns

9 9

[

wagiidedrnnlunisindiegrslaussuna 1-2 fegrenedu (Usyuia 700 fegresedl) Tu
SYULLSNANAUSANSASIaY 1,500 v

3. MsenenInsedanseu (Neutron imaging) iusuaduayuunisiudalinguas
AauTmusssuveansudauinsiudiulng Tudruesnisenenmmisdaninsanictudinlue
ANENNTTU Ueanad 200 fetharalanausnisatiay 2,000 U

4. M5RusN1sA1un1IRsIaTaUSuasedvesilanseu (Neutron dosimeter) 1unis
Uinslunguiivienuiifedestuionsou 1wy ngulsmenuiasailunisuins 200 vmdnsy
nsusnsialaainseudaududrufinanduiiidunsliusnswdn Ussanas 500 sesiad

LqumimamﬁuaﬂmjmmﬁmeﬁLLazmaaui’a@%Lﬁmﬁuﬁgﬂﬂ%mmuazLwﬂﬁﬂmﬁmswﬁ

Waguiulagdu Awanddugui 4.7

1200
2
& 1000
@
(3]
Rs: 800
= W NAA
.
c 000 - B PGNAA
=
o | i
? 400 - H Neutron Imaging
5 Neutron Dosimeter
S 200 -
@

0 -

Taqiu UIAR

JUN 4.7 WHUNINEATRINGUUVIAFOULAEIATIZ TN
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
Specification) vauAsasUfnsaliiaadasidedninuansanivanunisaivasUszmalnedagiu

4.3 1A399UfNI0lNAARIITHLALTZUUETUEYUNTZUIUNTHER

a a ¢ a A saw ! o = o a o
Lﬂiaﬂﬂ{]ﬂimu’)Lﬂafﬁ'ﬁfﬂﬂLLagﬁjuﬁUUﬁHULW@iaﬂi‘UigUUﬂqswamlaigﬂIWUiﬂaLLa%ﬂ']i

Uszgndldauiunng q 104lasin1s 1 iebilinandanuukunisndnegavaondie taun 1n3eq

v v

Unsalfinedesidevuiaivuisaudivatuayunisu] UAn15veanguanunnge wasi1dessd
szuuUaanunianienintazAIuiuasUasndy (Security and physical protection) sinu

PafivunvetanIulsznaun1snsiedesnsdudsene uazaina’sudunIesdlonazgunsal

[

AU UNUITY tnellsneazdunnal

4.3.1 \w3asufnsnidandeside

1. svuuieesufnsaifnedesiseuseneudie Vaiedesufnsal unuuriademds seuuve
JEULANNTU uaznalnvatingeu

2. ssvulastuiionnuasadoludiuveaniosfnsaiiinedes Usznouse szuumen
Fuees sruuvaaiduunuufnsaianidu sruusrUIgeInA sruumUANgNLAY Lagszuliin
GUPRR

3. gUnsaluarsruumUAL A szuumUANM ARG SEUUMUALNIVEARULATEN
sruUmUANNasLdusnuUnsalgnidu qUﬂiﬂiﬁﬂdqmi%’a%ﬂéa%ﬁm%”’ml,axsww%'ummﬁuiu
ananslininuiuussenne (Negative pressure ventilation system)

4. 99 1U$9d (madiation tube) laun viendnlolalnussd vielaUansfadni veans
Sidogual wagviedmsunuiumaiianeiusiug

5. viaua1lansau (Neutron beam line) laun viotd1finseudinsuauniunis
Aeatuuiansou (Neutron diffraction) viewidrfianseudinduimaiianisnizideiansou
(Neutron scattering) vimiharianseudmiudtenmeigiinsou Insgvsimemailansous
unun (Prompt Gamma) wazgunsaimuaudiinseu siiaviodmiufegsiiduualg uas
Yosfnnsiotiddinsouiiwisunmaifionisiaunluounan Tnefinrudesnisndndinseuly

AN5197 4.1

Yansangnsgnsrsiieenmueailunsysadydindsnuduadesiiedud wa. bees Idhofmuaiinisiivianuiunsaeniovesianiedesuas

anmudszneumsmsiinedes wariungnsensusmuandninusinayiinafeiunsivhsmnudaondomsinndes wa. ... (11991 91)
2 - AEA Safety Guide No. NS-G-4.6, Radiation Protection and Radioactive Waste Management in the Design and Operation of Research Reactor, 2008
- IAEA Safety Requirements No. NS-R-4, Safety of Research Reactor, 2005

- IAEA Nuclear Security Series No. 13, The Physical Protection of Nuclear Material and Nuclear Facilities, INFCIR/225/Rev.5, 2011
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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(%
Y [

7191UNA0INTOUN LN URANAILTNIUIUNMILA 7 Beam line A9t

® 1 Beam line @1mSun1sangniniianseu (Neutron radiography) tJuviein
Hamsou (Neutron flight tube; L/D 100-200, neutron flux 107-10° n/cm?.s)
WiouTTULAINALaETEUUUdR 1Y

® 1 Beam line d1m15UUILATIENEI9A I8N ATA Prompt Gamma Neutron

Activation analysis
® 1 Beam line @13U High resolution powder diffraction
® 1 Beam line @ u3U small angle neutron scattering

® 1 Beam line 1% ¥U Multi-purpose triple-axis spectrometer and residual

stress instrument
® 1 Beam line dmsudingrandoualug Large sample irradiation

® 1 Beam port d@15041) dmsunsuesuNuNdnluauIAm
6. syuusrutgaNuTaulaun sruulaniUisuAINToU SEUUIATEIEULN WagSTUULHY
<@

ANLEY

4.3.2 szuuanuUaanien1eded wazanuluaslasnnt

1. szuulasiunienienin (Physical protection system) 1 szuulasiusansis (1A
AT UATULAE SEULAAUN) Seuulesiunisneiuianssy seuulesduiing ssuuduinn1sidn
sandmsuyanaszuundadlnsiminesle wazssuuudadoudyna Wusu

2.5zuuAnusuasUasnden1stinades (Nuclear security system) 1 S5UUATIATUNT
wdaulm szuuNeilwesszduied sruulssguihsziuitensnninssd [Wusu

3. spUuAUUaensieN195ed (Radiation safety) 19U iAaeinseddiuunna 1A3eeinsed
ludsndendwsuaniuuseneuns yagunsalindadd miumenaniau wissinnisidsesilou

v a g

1119598 LUUAY

v

4.3.3 daualuayunsujuanisuazinvedad

u,mumaamG?adauaﬁuayumaﬂﬁﬁ@muﬂwLﬁumﬂﬁwé’qmmﬁmamﬁmlai%ﬂmﬂ a9
$1uU31139u 9 ndeyanisAnwianudululdnianadalneddefiorsumdn laua
wnsgIuanalunsieains fufldnu anusngamanadawasnisiiahe seuuauasnste

Dusiu duaivayuuarszuusngg loun

AUGUINITIVINTLNTHIANTANINE Y



31891URUUANY A NSANYILAINUNIUNANITAATIEENITIAIIUNUGINY
wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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o et

1. duaiuayunsujiinisuariUessddadueimsvesvoiniosufnanis wesseuy

o a

muAy esuiRnsnaassazlasusnuliinsailinseu

2. dhuatuayun1sufiinisuasindesddadusasdmiuinnuniadowazaunsal

nanlalelny TnednNuiluruIAnomuE UN1SVNaIY

(%
| a

3. syuvarssUlaadmiuens wu vigtld viothits szuunasaing ssuuUTy
9177 SEUUIVSANUIAYN wagsyuuAsetedeya [usuy

4. szvuaudosiumanisnmuaraasiunsasn S oA NLIRTEILENAITY SEUY
Unsafudafne (Smoke detector wag Sprinkler) szuutasiunisneiurnssy szuudaeiuiing

szuutufinnsidnesndmsuunansuariidndeuvusindeszuuiingasefmnedad Uusu

4.3.4 gunsaluaziadesiioatiuayunuise

unumshnsilideyamnudosnisiumaiinnnnisUssgumiedunaiafudidoisa
yousaEnguY WilesasuununInan fail

1. nguausunsuanlelelnuied

sruvatvayulunmndalelelnused insnunisudald dawdsznaunan laun
® Hot cell 91uuUsEINM 21 Isolate set wag 3 Hot cell set

® SUULNAILLUU Pneumatic

® 41991U59d (Access core)
® insufuRn1sNduiesazen (Clean room) 1hsm D Tuly

o lup1A15A0dlinNAUDINIAAINTY 1 UTI81n1# (Negative pressure) iioUasiunis

v o a

Flavesansiudunsdnislueinaeenluaneiaisia

o fisvuunyuiisuaimeauaziniue1nieliue1as (Ventilation/Air condition — VAC)

'
=

lnedlszuunsesenialuusieiiles lngldurunsesiiusednsames

o

® I5zuumuANKALNTEIITEAUTE Nilssuulniihdrsewioilios (Uninterrupted
] (% a s
power supply - UPS) dwsussuuauaeuiniges
g & dou 3 o 1o | v a Suwvd o Y d' Y
o Juquinsutminlalasndy 5 du Aessliimadiveserns wedansiadeudy
urieuTIyansiudunSsdaunsesadgann
e sanlnfluunumadiveseimaiieinfeudie tananduaidlusunaay

a

® 53uulngviAiesUe WieRnnunsAdeunvedianiinioude

AUGUINITIVINTLNTHIANTANINE Y



31891URUUANY A NSANYILAINUNIUNANITAATIEENITIAIIUNUGINY
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Specification) vauAsasUfnsaliiaadasidedninuansanivanunisaivasUszmalnedagiu

® syuumUANNTUTURUNUNUHURN1559E 1w Hands-Shoes monitor, whole

body counter, thyroid counter Hudy
® 53 UU Emergency shower Wag emergency eye wash

o szuUlnAnd1saanuuAToInwlalWAin [eanadSUNISIT9IUN9eIANS

[

2. nguUMUNITRE TR Y]

[ a A 1

ruvatiuayulunsanesaddyudl Mnawnunndnly Sdwdseneundn lawn
o ypiAszviaUnasusduLnuUsEAEN NG 1 Yn
® La3psd19293E 2 0
® funuiniidunsgiu dusuliuiisussuuieneianasy
® Aluminum container §1M5UUTIINADE
e syuulvannaseiiioen
e szuvusINasldvieanuTiduuudnluli
® agNUALAENTIPEN
¢ syuunTIIIAUSISE
® 53yUUIAIUNEEeIR Ultrasonic
® auauTau
o FosdsfudmSufiunaoenauy Wet storage Way dry storage

e gunsalimUsseddmiumsimasyeanainaivue

® SyUUUNIUAUNINNNSVLANNABYNEINITANETINTOU

3. ngaUAUNTUTUUTINUgANENS

sruvatuayunuaunsUTulTiugemans nanunisnanld Jaaudsenaunan lauwn
¢ szuudnluiRlunsundadieeng

® Ao uNiansulaneialansnutunsdaaas
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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4. NFUUIBUATUIANTTY

syuvafuayuamATouasuinngsy fnauwunswdnly fdmusznaundn Taun
o yaazviaUnasuiinseulssavsnings 1 yn
e gunsaldwsuatenmnIaumdesd sude Neutron guide uaz Flight tube
¢ 9Unsain 53 InSedEdInTeULUUBIUUNSAG (track) ¥iin CR-39

v 3

o SxUUUA-UnTAMBSTINTOUDALUIIRA
® STUUMUISIFUINTOULALSIALNULN
® yiapuANaInTeu
Y ' aa o o aa aa A A aal
® NABIANYNNATINTBUANMSUAIEAN 2 TR 3 Tf wazn1wedaulnnseinte
(dynamic imaging)

® NaesauNNSIATIRTOUA MU Fast neutron (option)

® YANYUAIDYNTOUUNUFDUAIWNUL 3 unu (Precise rotation stage with 3-

axis translation)

e yamauiameiAtuANNIalng NFRNlUTLATUATUANAITENEAIN NITUYULAE

o = (Y ! ¢ 2 v ! 2/
indeunvewieggUnsaliiuteyanin egatioy 2 yn
o yapauiiunesdmTuUTEIIanIN 3 {f egreley 1 4n

® 1UsunNsUAINSUIATILANINAS19A N INTUATIHAIN 3 DRTUSWNTUWAR

npdeuln
o A3oeinsidnseunaznuILUURanNIa (Neutron/gamma area monitor)
® p30sd19%:dnseuLazunNLN (Neutron/samma survey meter)
° Lﬂ%@dﬁ’uﬁﬂ%ﬂﬁﬂizﬁﬁmﬁﬂa (Neutron/gamma pocket dosimeter)

o szuupuvannse: UnedyarulniansuuzsleaSaadionsousruunaniieas

YAl URBININAISIF

5. NGNIUATIVFDULATIATIZHIEN
® szuULATILisIRRIEmAllAe3IEONGLUU EDX (Energy Dispersive X-ray)
L ﬂé’aqqawsﬁmﬂaﬁﬂmauuwmmu (Scanning Electron microscope, SEM)

o aUnlaflmesuuuTINIU (Raman spectrometer)
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6. nguaruFuntslavansiadati
® SEUUNYUWYNTANaU (Silicon Rotation System)
® Self-powered neutron detector wSoup3eein Electrometer 1 0
® Y iATeaUnNATuTEunIINUSEAVTAMES 1 90
o ipRoad9aied 2 4
o Jufin¥idunaspudmiuuiudisuaiodianei

e gunsniusenau laund Ultrasonic bath, Straightness gauge uag Zirconium foil
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wazfnwiarandululd (Feasibility) wianuSuussdayaiieafiudnuaznanaiia (Technical
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M3NN 4.1 TensasuanvazauenIsmanalinvataseslnsaiiinde N desasdiuatvayunsu iR

AUABINITVNLATEIU N TR

NEUY vieeuisd/vatatiansou wandiiinsou AnudasnTvasiufisduayuuaziaiasiie
(n/cm?s) WosufuRnng

Aunanlalylnused Hanlelofu-131 (-131) >10" ® Hot cell S1uuszann 21 lsolate set way
NARGUNTEN -153 (Sm-153) >10" 3 Hot cell set
Wangilen-177 (Lu-177) 210" ® SszyUULANUY Pneumatic
WawLeLlEL-166 (Ho-166) >10” ®  yi9pUed (Access core)
WBnlLEUF-99 (Mo-99) >10" o vinsuftAnsiiduiosazenn (Clean room)
HARTALTEY-75 (Se-75) > 10" 15 D Fuld
HARDIFLN-192 (I-192) > 10"

® Validation and calibration facilities

AUGUINITIVINITWMTHIAINTAUNNTINE Y



518971URUUANY A NTANYILAINUNIUNANITAATIEENITIAIUNUGINY
wazfnwiarandululd (Feasibility) wianuSuussdayaiieafiudnuaznanaiia (Technical
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AUABINITVNLATEIU N TR

NEueU vieau3ed/vietaniiansau wandiiinsou ANAFRINTTYRWUNATUaYUILaLIATR D
(n/cm?’.s) WosufuRAn1s
PuRYTIES YAl WasudTvune anlafddudih 10"-10" ssuulnannassieoan

Wagudines anladddudiden d9h ddena
Wasudresusy anlififidudivdes duu

WasuawSa Mnluiddudivdes a1 #le7

( Fast neutron )

Aaugdmsuussynaseldvieouiadiuy
ORLULIR

gunIuaLdYI108n
SEUUENRTIAIRUS IS 9

IMBUALTIU

JEUUMANEZDR Ultrasonic

ﬁamﬁﬂ’amuﬁm%’uLﬁuwaaaﬁmw Wet
storage Wag dry storage
guUnsalMUsssddmsunisihnasgeanain
AUUL
syuuthdmiannsreanamasendanisans

T1In50U

AUGUINTIVINTWR ATl IRy IS
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wazfnwiarandululd (Feasibility) wianuSuussdayaiieafiudnuaznanaiia (Technical
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AUABINITVNLATEIU N TR

NEueU vieau3ed/vietaniiansau wandiiinsou ANAFRINTTYRWUNATUaYUILaLIATR D
(n/cm?’.s) WosufuRAn1s
nsUsulgeiugAmans Vieussyieddmiume el dmsuiegausean 10°-10" o syuudaludlunisihdssnegi

500 nSY

(Fast neutron)

1011_1013

(Thermal neutron)

o apundmsuUaneeliansiuunsdaanaa

ANTILATUINNTIY

ABINSNIVUA 7 Beam line

1 Beam line @ 43U Neutron radiography

1 Beam line @ %3U Prompt Gamma Neutron
Activation analysis

1 Beam line @ %3U High resolution powder
diffraction

1 Beam line @%3U small angle neutron
scattering

1 Beam line @%3U Multi-purpose triple-axis
spectrometer and residual stress instrument
1 Beam line @ 93U Large sample irradiation
1 Beam port d159913 dusumamseunisiu

BUIAR

10%-10’
10%-10’

e gunsaldmiuinen nnTeuUesed sauds
Neutron guide La¥ Flight tube
® gUnsainTIRinsedTanseu CR-39

Y s

o  Szuua-UnTmmasiinsausmiusia
®  SzUUMUISIANINTOULALLNNLT

® szuUgINAYSesEUUURReigaInYiounm
HInsou

® vemuauaiinseu

®  nfpnannadInToUdMSUAEA N 2 §R,3
iR nwedeulmndedile (dynamic imaging)

®  NFPINENNTIETINTOUA NS fast neutron
(option)

®  YANLUAIDLNINTIUUNUADUAUIAUI 3 UNU

AUGUINTIVINSWR ATl IRy ISR
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wazfnwiarandululd (Feasibility) wianuSuussdayaiieafiudnuaznanaiia (Technical
Specification) YauazasUfnsalilaadesideailvdnunzauivaaiunisalvasussinalnedagliu

NHUIU

AUABINITVNLATEIU N TR

yia1used/Maunaiinsau

Wandinsau

(n/cmZ.s)

ANABINTVRSWUTATIUAYULALIATR D

4 a wva
WU UANIT

(Precise rotation stage with 3-axis
translation)

® YpApuNIWEIAIUANNITING Niau
LUSNTUAIUANNITENEAIN mimuuazmﬁauﬁ
vouieggunsaliiudayanin eg1atiey 2 Un

® YaARUNIWETAIMTUUTEINAN 3 TR g9
Woe 1 4n

o lUsunsudwmsuitasiznainas e wlnlunsiil
A 3 ARTUsUNTILAR ARl

o P30T AN INTOULATINLILUURANITS
(Neutron/gamma area monitor)

o pdasdnasiEianseuRaTuANIN
(Neutron/gamma survey meter)

o inastiufinfsduszdiiyana
(Neutron/gamma pocket dosimeter)

o szuuanuvaensy: thedyaalvuansuusida
5@ TInseusEUUNABINsUnluion 8T

fe59d
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wazfnwiarandululd (Feasibility) wianuSuussdayaiieafiudnuaznanaiia (Technical
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AUABINITVNLATEIU N TR

NEueU vieau3ed/vietaniiansau wandiiinsou Anufasmsvasiuiisduayuuaziaiosiio
(n/cm?’.s) WosufuRAn1s
ATNAADULALATIATITI ® Energy Dispersive X-ray (EDX)
e ® Scanning Electron microscope (SEM)
® Raman spectrometer
nsladansiesai Fanaundnuuin 12 97 19 D,0 uazesnuuuanyly 10'%-10"

dnwal Out-core irradiation (Thermal neutron)
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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4.4 WHUN1ANALATRIUANIITIARYSITY

4.4.1 WHUN15NBE319

lfnwdeyavniaIesJnsaidnnfeiIfevuin 10-20 MWLasssUUaUUUNIT
a wa A

Ufuinsnimadauasanuaiunsonlnalfeaiu dmiuUszanansionwruaiuauUsen

[ 7
fa o v A

N158INUKALNISABATINATEIUN NIl ULAGESITY NIUNISAIMUALUINIINITNOATINAY

q

a wua v

UitRnudendulunmeld wsesuiydAndanuiuedesiieduin g, beew s sRansan
femuuzivemuINsUsIIUIENINUsEIWeA (International Atomic Energy Agency, IAEA) 619
‘Ui’mgf[,maﬂaﬁ 919 U IAEA Specific Safety Guide No.SSG-38, IAEA Security Series No.19
ey INFCIRC/140 Treaty on The Non-Proliferation of Nuclear Weapons

dmiutraunualiunisieaiiuasinnuasesunsaliaedesidewasssuvativayuy

avn & o T {
N1TUHUANITUL UT18aZLDYAATY

wnunsneairanIasufnsaiduadeisedalu
nsefiunuiituneusl®

1. Preliminary engineering tuTUABUNI5ATBUAITAILIAINTTL LATNITATEUTIN
$199UAATITRANUaenAY (Safety Analysis Report - SAR) SaU89N1SNUNIUNIT
ponuUUTWAusEH IS EFUie uagiivinnluneuisuduvedasins lnodesd]
nsasunsludaningiud Juneuildinauszaunm 1 U

2. Detailed engineering Lﬁuﬁﬁgumauﬂﬁiﬁﬂuamﬁiwq 2H1982L9YA N159DNTDAINUA
\an (Specification) wagn1ailisunuuiiton1soysiuasnanesdusznouiag sauds
Fosdeseauiiasizianuvasndeowd esdu (Preliminary Safety Analysis Report -
PSAR) 1ﬁﬁumﬁwmuﬁﬁugLLammﬂaamﬁamﬂIwﬁNL%MﬁumaaﬂﬁsﬁWLﬁuaﬂu Sunau
derldszoznarvssunn 2 9 nsazsusidunsvdstuney Preliminary engineering
Pt

3. Civil works 1utunaunislfsazidaciieg Tanneadis (B0Q) Mdau uuunde

dmsunaunsAAUesed N1saliuayunIwIuIAINTILLAENITUTEAUAMAIN AaanIY

® Trends in research reactor design and utilization, Pablo M. Abbate,Meeting on Design & Utilization Aspects for a new

Research Reactor, IAEA/VAEC 1April 2005,Hanoi,Vietnam
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
Specification) vauAsasUfnsaliiadasidedininuanzanivaaunisalvasUszsmalnedagiu

v v A

nsneas eI TATUALUAI SIudseIAseTesUnsal n1sadiegiusin Adesd
] v o & = o N = o a g & a
A9 Wil Tule Tuseutagldszuzinanyszana 2 Yassnsandunisiudunsuiiaziiu
UszanaunssUnaunisdugaiuneu Detailed engineering

4. Management and procurement Wuduneauliliundiosdusznaunslneggnindng
S v | v Y Y o ! Ay v [y & ¢
Mallgnindnazdaniwasniednasedruysenovilaninsgiu lawn  Jugunsal
waniUasua1udou (Heat exchanger) 197149 938U 8A1IU50U (Cooling tower)
anglifiuazanedygineieg AoRiwesAIuANASEILBI1S 9 (Instrument) %ile
wlasluiln uwsdneardeluila (Distribution board) sgUusnwIANUAAAY SEUU
Jasiudnady syuulniiiuseas ssuudfuanimenia (Heating ventilation and air
conditioning ; HVAC) nszanUasdusad uagssuuaiuauuaunassesina (Tele-
manipulator) dwiuujuRausadgs

° ) s a ' & Ay ) = X [V ! a ¢
dmivesAlsenovdndiunileafifesdnnsondy taun : Uoussunuufnsol
a a s ! a of e Y/ ] U U a ca a 1
fpdssuazUaiasy (Auxiliary pool) lassasredmsusassunnuufnsaliiefosuay
vatasuguniaiusenaunisluves Hot cell MTUARDULYINATUAN WHIAIUANTALNEDS
\UnUndilansau (Neutron beam shutter) Ingviandail 59uf9n1I5I1988UAMAN
NsETUAYUNIINLIMINTIN Wagn1sUUds Tunsuilagdniiunismivgluiuiuneun 3
L. a v 2 & v @ v

(Civil works) IngagisuaumaziaIadutiniantoy

5. Installation tJutunaunsianigUnsaluazszuuAg M TausoLazUzNaUTaNs19Y
Wamsiuinnsinasgunsalluleussyaiaslnsaiineies lnatunouiagsy
UsraadA390na 99 nNTURDUN 4 (Management and procurement) Ta3uau wagld
naUszanm 2 Uiy

6. Preoperational testing udunaun1IadaUsEUUANY Nounsidauasuiionsiadeu

Tiesesfnsalt wagsruusie asnsavihnuldeggndesUasadenunlaeeniuull

AURANAIALUNITAS 19T DINN1T90NLUUIE WAL TAUTUTURDUT Fad1MNTIAS

[
U Y v A Y

unwseaRnduasdedldsunsusuusudlunoufiazdidunslutuneusioluld saddes
derngudaseiaulasaduaduanysal (Final Safety Analysis Report - FSAR)
% ”wu"ammﬁﬁugwLLammUaamﬁama’Lu%umauﬁl dudunisiusdunistiuagyin
Igiledunoud 4 (nstallation) finsafumululgudussunanmids mssndunisiu
Funeuilaininazldsveznaiuseui 1 ﬂﬁﬂﬁﬂ’]iﬂﬂﬁ@ﬂﬂ’n83ﬂqmﬂ%ﬂLL’iﬂ (First

Criticality) mas@asmiiunisiasaauludunouil
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7. Commissioning udunouELAUNSIAUIATEIITUISIVRITTUUANY 9 lnelsuvimas
- o . . 1% = A A g &

\@59dUTUNOUN 6 (Preoperational testing) wazldszazaiussuunssl Wotasadu

Tunauiindnfelainssuuiianuiseuiesanysal ansafuasenfumduazldauld

ANUAIUADINTT

TuN199719199UN¥1IASINNTUY 9LADI919PILANDUTUADULINILSUTU LD LAAIUSA®N
AuAszezsuAulun1snsstemuuamanaiiauazdyy1a1na (TOR) AaaAIURAMILATIINTT
@meuﬁmmzﬁua%aauyid Tnesunalaeldsazalun1sNoas 1 ALATUADULINAUDY

a = 1Y) ¢ a A < 7 | v & & )
LWULﬂiaﬁlﬂaMU‘ﬁmﬂigﬂqu 6 U 1199913153N31UY '1/11ﬂlmummawﬂu‘uumaﬂmumu%m

Un 1 Un 2 Un 3 Uit 4 Un 5 Un 6 Un 7
Preliminary
Engineering

Detailed Engineering

Civil Works
Management ar|d Procurement

Installation

Preoperationgl testing

Commissioning

I,

Full |power operation

N ! o a o = a ca A fav o 1
EU‘W 4.8 LLNUﬂqiﬂ@ﬁiqﬂLLa%@WI@NLﬂi@ﬂﬂaﬂﬁmujLﬂaﬂij"ﬂﬂmfﬂwm
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
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unun13faasesruatuayun1sUiRng

sruuNsatuayun1suiang laun ssuundnlolalnused viedrdadianseu wasviesUfunnis
v al I v [ a a g.jl [ dy4
$edaq 1Wuau msaiiuanuituneusail
1. Preliminary engineering FuUudunauMIRAILILATINAITAIUIAINTTY WALNT
W3BUYINTIBNUIATIZRANUaDAAY (Safety Analysis Report - SAR) $9189N19
numunseenwuuliinganiuidnsnanlelelnyusdnuiuseningiiaie
A3U19 waeiUInw Inedesinisasunuludygy1i131auas
. . . & J o ! S
2. Detailed engineering FUTUTUADUNITATUIUAIG N1TODNLUULAZLTEULUY
A A & a ¢ i a o = v !
Wevlardelaruanesnusznauniee Tun1sndnlelelnussd siuisdesdesienu
Aasgviaulasnnsilesdu (Preliminary Safety Analysis Report - PSAR)
Intumhesnumiuguanislussezusnvasnisaniiunislutunauilag
3. Civil works Fadutunaunsneasneernissie In1sadegiusin dAUeded nis
eszuvatssuUlan wils Jula sudenislvsieasidendineg Jagneaiis
&Y wuUnaedImsuApunInAIUead N1satiuayunIeiIuIAINTIULAENIS
UseuAMAN
4. Management and procurement tudunaulilauidsesAissnaunneg lay
AHUN1TANI09AYTENOUNIMUAT SIUTINITNTIVARUAMAIN N5aTuaLY

MIPIAINTIH LATNITVUES

(%
Y

5. Installation L{‘Jusi’ju’umaumaﬁmmqﬂnmﬁuamzwGm q mMsideutandng q 1
efumundnImnssy wazn13Ance Hot cell

6. Preoperational testing Lﬁu%”’umaumsmaamwumm AOUNITITITUDTS
\fiefiavuandinszuy Manipulator wagssuusneg anunsaviauldedaasnde
auiildeanuuuly aruianaislunisad1amdeainnisesniuy wgnuandlvilii
Tutumeutl Gefmniiaseassodléfumsuiusudloteufinsduiiunsludusey
polUle

7. Commissioning Wutuneudunsldnuaiwesszuusie dowaeduduneui

wnfelainssuuiianuissuiesanysalanansaldaunuanudenisldeula

* Trends in research reactor design and utilization, Pablo M. Abbate, Meeting on Design & Utilization Aspects for a new

Research Reactor, IAEA/VAEC 1April 2005,Hanoi,Vietnam
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Y [

nsneasdivatvayunsuiianisagyiauuuiunisneasinnsesljnsaldamieside

[
Y

lngldnanneaiawasinnsgunsaiUssunn 3 U
Y a4 A f a a ] 1% a va gy
n1sdanAseslienaraunsaliiiniiuluduresuJUAn1sNTanuenannsuseya ves
naunugesIduuazimulelelnUuasindysed naunuiunisaesd@dyud ndunusunisiay
#1930 9FINRAENFUUAIUNITATIVADUTAR A1UNITNINUNUINTRAUAIUMLTAUYDIULABEN Y

91U LNDNITLMSIUNITIDISUITUA T

4.4.2 WHUMIIANTILATINBNAZRUNTA]

a

anu. welivszaunisallunisusnisdanisiiunsesuinsal aedesideauin 2 MW
wagduatiuayunsuuRnisieliusnisunug willewseslnsalilunfesideiidasdunas
dhuatvayun1sufiansiinnuiuadowasdudeutu aefeadanseuiunsodnuuaiaenuie

Y 1

dnsunisaneneawaluladisludiunismivgunisiiunisauaznisingednw Widulununis

o

MiuguanuUasndeuazusmsmsldussleviografuninnuingUszasd Tunisdiiunisiidng

U

a wa

foa fUAlMdulumumszsvdydandanuiiadefiioduinm beew T AL PEERERIRrR
ALULE1Y89NUINTUTUIYTENINUTENA (International Atomic Energy Agency, IAEA) ¢4
Ui?ﬂgimaﬂa’li 919 1¥U IAEA Safety Guide No.NS-G-4.5, IAEA Security Series No.19 uag
INFCIRC/140 Treaty on The Non-Proliferation of Nuclear Weapons

nsaiunislutuneuiusznauniy
1. n1sfneusy (Training) Wuni1silneusuiidsautiionuniussuuialunagnis

aenoamaluladszuulul Inewuseanidy

® NSANRUIHNUFIUNISIINUVBITTULIATaIUNsallnAdeTITekavdIy
atvayun1sufuRnig n1stndjuRnuesesaulasulueuginmiunios

[

sudengundnlelelnused nqulavansieiiwaznguaneseddyual

dugvswalunisldszuy

e nsHneusIIMmINTYRNUTIaINNTaUN TSN TEUUHUFIY AUTINITQUA

SNWIAZNISIANISBLNAIRILARYS
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2. m3thgeinm (Maintenance) Wunswdsunisifievigadnuszuy ndanmsiuuey
szuvlumsqualaeuuseendu
o nisgualuszeziaiUsziunisinunudrsesering uagn1sadiaiuy
U3eSnumInamumiugveNEnsEUY
o nistigednuminaninddsugunIniniuingy wagn1sdanisdoinds
fupdes
o nsdenvsudeszuuiades uaznisnsralseduanulasnioniy
UINTFILANG
3. AsuSsailiu3nis (Reactor time management) Wunasiinuaulauieiie
Ui sdndrudaludldnuedosfnsailnedsHdelunside nsuinsdinunaznis
Uinsiitensizeunisaeu Tnsutseanidy
e nsusnsnelulaui susMInguausinge neluesdng
e n1susnisnsuen laun nishigietiaiiinseu nsiWalenalld
Uimaitensi3sunsaouuimhsauaEuen
4. N19MEURER (Production planning) {UNNSIUHUNISHARTBISUAILABINTT
féusnsuazmsuimstiluddnueionfnsalinndesiselnliusslomigsgn g

a s

A9 TULNUAUNITHANALALADITANIS AFDAAADINULNUAULAARNE

4.5 waulvn1sdrseanldanevadlasenis

'
fa v aa o

UszanunsiunisamulunisneasisaseslnsalinmdeiTeniidnuvuzianizaaie

fUpEIA 10-20 MW anansantsdudndiulaenenaiugianainsenduaulesail’®

1. nseiumstuda 1 (Sulasems) 5%
- Preliminary engineering
2. Msedunsludd 2 10%

- Detailed engineering

5 - " P TR VIN - o - P s o4 e
aﬁdamni?&mumiﬂﬂwﬂﬂiﬂﬂﬁ mmLﬂuiﬂiﬂLLa3%ownLquqiﬂ%ﬂﬂNﬂﬁ'wGu‘uﬂﬂiﬂaiwwugﬁumul,miulaUuuLﬂaEJﬂumummmmsmﬂgﬂimﬂimﬂé

Feuazszuunanlelalny”l 2552
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3, nssfiun1sudd 3 22%
- Detailed engineering
- Civil works
5. mMsffiunstul 4 25%
- Detailed engineering
- Civil works
- Management and procurement
5. msenfiunshuda 5 22%
-Civil works
- Management and procurement
- Installation
- Preoperational testing
6. marudunsludi 6 10%
- Installation
- Preoperational testing

- Commissioning

duiude 6% LuA1N15UINITIANISIATING A919RIANTSIATINTG FantndIumeq

U

YAAINSIUNIIALELET0 LY IARALIUAYILNIT TIeAlgdnglunsiiunwagnisaneven
a & v ' I3 v v Y & = ' & & a

WlﬂIUIaEJ LWUAU amﬂiﬂmm%%aﬁmmummwENLLmJizmmmim’luu %QIUQ?W@JLUUQiQQ%

[y

uanssanilddueg fusuuuurenaiesufnsniiuadesitefiazaiuardnmadussluud
GRALREANIG]
TudhuveansuszanumssmunsasulunisieadaeimsuagauaivayunsUfiinisd
fdnuuzanzadefuiuansalddouladiss Gunudunounsduiunuduieitunis
roaadosfnsaidandesise
mMsUszanannsamudmiunisieaiaaiesufnsaidundefide IWuvsanaiuay
Fruududesdisslundasl Welfidunumansamuues anu. muhe: Suwdsaansy) lne

o9

Y a a o d' a sa a s a o =
@’]Q@Qf\]']ﬂﬂ'ﬁmﬂﬁ]\'iLﬂi@\iﬂﬁﬂimuqLﬂaﬁimaﬂﬂﬁglfV]ﬂLﬂqwa ANFTIN 4.2
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A5 4.2 UNunnsasuvedAsasUnsalluadesussnanmng®

U1 U2 U3 Ua Us Ue 39
nMaweSeuituiineadns 10.2 6.1 6.1 - - - 224
o1msintesUfnsaluas 6.1 55.1 83.7 724 63.3 28.0 308.6
\esUfnsal
L%@Lwaﬂ 0.6 1.4 1.0 2.0 4.1 3.1 12.2
szuunanlolalny 12 6.4 14.4 153 15.3 7.2 59.8
STUUNGR NTD uay - 0.4 1.4 1.2 1.4 2.1 6.5
AL NAA
FEuUUIUANIN - 0.4 35 6.7 6.1 5.1 21.8
Auiunsed
ﬁswmnaaui’a@mu 1.2 1.2 9.2 13.3 14.3 7.1 46.3
39
sueae 19.3 71.0 119.3 110.9 104.5 52.6 477.6
@nunegansy)
sIuEoe (%) 4.04 14.87 24.98 23.22 21.88 11.01 100
sEuUAtInToU
- Beam port uag - 1.0 2.5 4.0 6.0 5.0 -
FEUULETY
- idesfleszuu
fhmseu 5 wA3eq
- - 1.0 2.5 4.5 6.0 -
(HRPD, FCD, RSI,
NRF, TAS)
- Thermal - 1.0 1.0 2.0 3.5 4.5 -
Instruments
Utilization
ULy
" - y - 2.0 4.5 8.5 14.0 15.5 44.5
(A1MunseYansg)
suea8 (%) - 4.49 10.11 19.10 31.46 34.83 100
‘J’mﬁljﬁ‘lﬂuﬂ 19.3 73.0 123.8 119.4 118.5 68.1 522.1
(Aumiseyansy)
i’)&lﬁ‘;ﬁ‘lﬂuﬂ (%) 3.70 13.98 23.71 22.87 22.70 13.04 100
63 *Ha;aaﬁiﬁ"%’ummawmwxﬁmﬂ Dr. Cheol PARK, Research Reactor Technology Development Department, KAERI
AUGUINITIVINTWMIANTAINIVERe [
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[

Alganglunisneasiesnfassuuiaunlzeyil 522 18 unseyansy MisUssunu

Y

o =

17,750 a1uum QoomnsieanUdsun 34 umee 1 WSenanss) @

v 9

PANUAILTULALIED 3.7% VoIATI18TINUAINTY ANlTa1eTmARazwUIt sy lnenasluln 2-

saziuladnludusn Aldane

6 Tushuauitlisstusnninluusasy venaniasdiuliinsmaietnsieiesfnsel uazedos
Ufnsnie ludndiuiigannussanm 60% vessaiaun sehdlsimusandnsdedl usames
w3esUfnseidundositevesUsemmninalilunsed 4.2 dmiulunsduessznelnedy
4AUTENBLVRITHUUAY 9 YBaATesUfnsal Tiufgunsaisynevazuandineiu ufediiade
MnAusdlulsemalunisieaiseimsiasesunsaln araniildnoatns mdud siemdsan
1949537 Aduile SnsuaniUdeudunsnsUsemne ma4 vhlddaausng o Tupsreilanunsald
Huuammanmsamudwivany, ludesiuviidu Saimsfidusdunianisdeatdlulsamafign

nludsewmenuald aziihlvsiaeirsiasesunsaivanas

4.6 21gmsldnuaIasUnaliinedesideuasdiuatuayunisuiunns

muUnfnsesunIalinadesideasiiengldauuinndy 40 U wdaunsalusenauuas
w3nsievzdongldrnuunnneiuly Fudledongldufazdedinislasunienaunudunis
GATHR T

seuunanlolelnysed (18n15M3a1u 20 T)

JPUUTPUIEANNTEUUTUNT
JPUUTEUIEAUSOUYRYNT
sruufnwaua i
szuudainsdaniau
YauaniUAsuALIBULUUYID
YauaniUABUAINTBULUUHY
MoTEUILAIUTOU
STUURUAN TR0 Ay
szuueseshidangniy
szw%’ﬂmqmmwmmﬁﬂuﬁaLﬁuL%@Lwﬁd
5080

ADLNILADS

winadloTanazgunsaluseney

ALGUINTIVINTWMTaINSAlIVTIVENdY

(1811591 10 U)
(18015431 10 U)
(@1gM3ldeu 10 )
(1811543911 10 U)
(18015491 10 U)
(@19M3ldeu 10 )
(@19M3ldeu 10 )
(180151 10 T)
(180151 10 T)
(@19M3ldeu 10 )
(@19M3ldeu 10 )
(181549 5 U)

(@ensldeu 5 U)
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4.7 MIYauUTULAZNITUI595NE

meluszeziia 2 Yusnagdalifianldanglunisingeshw Wesnnegludiaianudseiv
[ a v Y o a A a aa < v o v ¥

Mudy1vesuSENEHaAR Welsutn 3 WusresiamaeiuuseiunlsagieaunuauUszanaly
gnsiiumnaesd wu Souas 5, 6, 8 uaz 10 veyaAaIed Wil wanlianioslionguinndi 10
= °o o | o % - = = cee
U sudszanansindygideningeenaganitfesas 10 ve991A1AT80 e nilgunsalieny
AoaUdsu ag19lsfinunisdl In-house engineer Naunsagontngeludrunlidudounasnin
gugaulianiunisneldnginusinisiiduaiudasadeazyiolsendnauUssunn wnunis

U393 NHELWIMIALTIUNNTAaE]

=

° msqLLaIusszgL’Jawﬂizﬁuu‘%ﬁmﬁwammﬁ]ﬁmiawLLNuE‘hsaaaﬂwﬁszsgL’;m 2

Fuduliuaznsunuigesnyminaniudwuzivewuan

[ ]

o msUngesnwmdssulseiu enannandudygiduanizdiundesendedudn lu

dhrunswdeugunsainiuinse N13nTnglseitluasnisdnnsiamaiunies

aunsasunmsanenenmaluladwazaidunisiesle

e nsPaNUITIleTsuuTadasiuediudnenInued In-house engineer wagiauly

1
[y

fyaUENER FaNIAun1IAIUTEiUANAINMINIINTFILAING

4.8 ASSUIUNISNAR

NTEUIUNTHANLAZNITIAUTAIIULHUNSINITHES BUINITTANTInaUaLDIAIIY
ADINTLUATUAN Usznaumenszurunsanelull

4.8.1 MaAuATasUnsaliinnfeside

a a §fa a  fa v I a a a v a a a [ . .
wiesfnsalilnfeiideiluniewmdniinseuninudugaainujnsenilvdu (Fission)
dy a IS = v 6 a d' a & a a fa o !
vaudondseifley LEU Sidwanendndvesiianseuainiasesifnsalilanifesideluginans
(Medium neutron flux density) Uszaas 10'-10" n/cm?s nquiujUiRauduieinssy 1u

SulnvaUAIUANNISIAULATEY FauU13e MITan1sunuUnsal auanisildeuaeidomas uag

ey

auanuUasndemlvenisldnunsesunsalinedeside suufsesnwuuiazaialunis

Tnusniso1ussdunaznisldvieunainseulusunieg §9909n192190NUNTIAULATO LY

AUGUINITIVINTWNTIANTANIV e [
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http://www.ucsusa.org/nuclear_weapons_and_global_security/nuclear_terrorism/policy_issues/nuclear-research-reactor.html
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NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID

OUTER STEEL SHELL
LEAD GAVIMA SHELDING
INNER STEEL SHELL

Generic Truck Cask for Spent Fuel Generic Rail Cask for Spent Fuel
Typical Spacifications Typical Specifications
Gross YWeight (including fuel). 50.000 pounds (25 tons) Gross Weight {including fuel): 250.000 pounds (125 tons)
Cask Diameter 4 fest Cask Diameter: 8 fect
Overall Diameter (including Impact Limiters): 6 feet Overall Diameter (including Impact Limiters) 11 feet
Overall Length {including Impact Limiters). 20 feet Overall Length (including Impact Limiters). 25 feet
Capacity: Up to 4 PWR or 9 BWR fuel assemblios Capacity: Up to 26 PWR or 61 BWR fuel assemblies

ﬁu’l file:///H:/2111646/diagram-typical-trans-cask-system-2.pdf

P31 : http://www.wiiti.co.uk/media-centre/nuclear-fuel-cycle/spent-fuel-reprocessing.aspx
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http://www.wnti.co.uk/media-centre/nuclear-fuel-cycle/spent-fuel-reprocessing.aspx
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Location Activity Level Source Quantity (m>/yr)

Rx building Low - PCS equipment and piping Drain 15-20
- PWMS equip. & piping Drain
- Decontamination Drain

- Decay tank Drain

- etc
Service Low - Liquid Radwaste of Reactor building | 5-10
building - Decontamination Drain

- Hot Sink Drain from Hot Cell

- etc.

Very low - Hot Shower Room Drain 20 - 30
- Laboratory Drain
- Floor Drain

- etc

Other facility Low - Decontamination Drain 5

- etc

Very low - Hot Shower Room Drain 5-10

- etc
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4.10 Uszanaumsingaunldy

4.10.1 Yuraunslduanaunazsnnamas
lun1suszdiudsunansldwemasaieslunisfiueiesunsaln ldveyavesaios
Ufnsnillnndeside 2 win A9 wu1n 10 waz 20 MW wWisuiieuiu fall

1Y

MasAIensaliinadesidevua 10 MW"

WNUsERIUINAuATeIUNIalARESIT8 11 270 - Full power day #ol (M3 24 ¥alug

<)

A9 L UUIa 270 TuAaUN 10 MW) algangludiuldioinadazagnuseunad 1.5-2 a1uwms ey
u o

[

ansyriel v3eUssua 51-68 druumsiel (4dnswaniudeun 34 vinsie 1 wsugansy) lne

o«

€

L]

shlsumvududomas Feliatusauszunale szdusgdutouludneg Tunisvin

Y

Navl

[y

Ty AUUTENUIBRLNES LaZN)MUIENTVUERTOINES

MdueTIUfnIaliinedesidauin 20 MW
lunsalveunIesufnsalilnafeside KJANG fds 20 MW veelseimnanIvala seyinay
THunwDNae 2 WASUAISHAUATES 1 58U T4 1 SUNSHULATEIAD 50 TU LATLVIaTDLNAILe

I A = o v =1 ° v a A
AzLYINSIANUTEU 200,000 Lwiﬂﬂgaﬁii ‘U']ﬂ‘ﬂ@@;ljaL‘Waqu ﬁqﬂqiﬂﬂqujmlﬂr‘]’]ﬁqﬂLfﬂULﬂiﬁN

10~ . . .
Private communication
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wazfnwiarandululd (Feasibility) wianuSuugsdayaiieafiudnwaznianaiia (Technical
Specification) vauAsasUfnsaliiadasidedininuanzanivaaunisalvasUszsmalnedagiu

a S saw A

Ufnseifandes39ud 270 - Full power day sio® azfienldineludrmitoindaszana 1.68 &1

wisayanisred wieUszna 60.5 duvimdel (F8nsuaniudeud 34 vsie 1 doyansy)
msfialdiedomdseglussduilndidostudlofouiunsd 10 MW faudfiasAueies

i 20 Mw 1 iflesanidamdanun Plate-type (U-7Mo) Aililuiedosfnsaidainde s KUANG

#571191gNnILTBINEILUY TRIGA

4.10.2 alganalunisianisioiwasldudn

ndoyansuszgunguivyaInsvesani. madnvzinuideundddudilu Auxiliary pool
Tusrey 20 Yusn wardlonsusraziian 20 Tuad NAgiaNsannsIAAUT BIndawuULIAe (Dry
storage) Asnulunsldeulugag 20 Yusn Jsdslaifialgarelnenssdunisdanisiuemaslduay

mlandvszaunisallunisdaiuiemasldudiannasesujnsaidnadesivelussesdu
(Liviiu 30 ¥) Teanuluve Auxiliary isaiteuduusvesnulnsals Fa9zfadnisdnnsnaunin
g ) 1 a A [y 19 Y a [ | | dglj a 1 [y <@ =
unduedrsmiiatesiuliliifnnisianseuvewioussgiemadduseniiemisdniu 39019
Aeliinni1sialvavesarsiudunsedle Arldanediuivauazazsmaglusuuszunaluns
WupIeuds Tneauisadmnuidondddudilutensnanlauiunsiundrunladanudsliha

1 I3 1 a & & a Y v v i =

pg19lsnmuluszeze1InIflasiansu A uanaslduaILuUwIAY (Dry storage) aaly @elu

Jagtunlandsdiuszaunisallumsdmnuideinddldwdauuu Dry storage Wowsn

4.10.3 v lun1siiuaiasufnsal
msUszdiualiiilunisiueses Mdayavunamadlihfldlussuunaaduunuiasos

Unsaitiedesuunn 2 MW iazssuudiuausulueiasinsssunsaiineges desenousie

M5 4.6 Aliihvesgunsalane 4 lunsiiunsesujnsals

aunsal Maalniin

wowaslwihvesszuundedulgugl 40 kw
woweslwihvesszuundeuniend 37 kw
UBLMOTVBINBITUIBAIINSTDUY 22 kW
UBLMBITEUUUTUAIUAUNNGEN 8 kw
UaLMBIITUUUSUAMUAUYINBEN 15 kw
sTUUAUANBYY 8 kw

33U 130 kW
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PINUTLUIUNTAULATEIN 270 Tu 24 F2lu9s7U wazadnviigay 3 uwm azdlan
1 2.52 A1uunest haztA399uin 10 MW S9u1aniadsiienu 5 i1 agaulasean b

12.6 auunsal

4.10.47aquaza1sisudunsuanlalelny

o asisusuMIndnlelelny guanvzdednm LEU dmsundsn Mo-99 laluyiwial 5-10 ¥

AUNUNTITHNER

o asiusuuazaunsallun1snde 1-131 uay Ir-192 Wulumuukuniswds
o A A oA Y o a aa i Y
® JapFuUdeduuariannuiiuaiisalsaiuainadanislaludnriuandsenauiunis
S oA &
VYNWIUNNNVY

a

4.11 NISAARIATBIINTLAZINOAU

9

4.11.1 unun1s3anasasufnsaliuadeside
d' dy =4 1 ) a (v dl' a €a a fa o
Wosnnlasenisilulasinisvuialuglunisailiunisdaniesesunsalineiesidy
wagsruvatvayunsuiuiinisnieugunsaiusenau agdesdnindeimuaneazideaniamaile
Wﬂiamqumméfaammazﬂimﬁu%’mLLUaé’ﬂdaugamﬁa‘lmqmsﬁjuswaﬁ FI9WIUADIA NN
& o | = AN Y A aa ¢ @& A e &
93AUIENOUVDITLUUNANDENALLOYA kasUlveIrIgnNUszaunisalldunidanel Uy
Afiunsdnmdmsulasinisedalusdlanasinny Tneduuirdunisaadl
1. as5mnusnwsnausemaniuszaunisallunisadulasiniskuunsaulgaula
NN (Turnkey)
2. N1557U0BNBLUUAINAIIUADINIT NI5INILNUAIUNITABESII N15AN®WD
nansynuvedlasinsauaing Lielinisaduanulifnde

[ ¥ o

3. davidemuuansdnge TOR daUsznausme
e n33dy TV Tommuaniunada nsUssuTawUsdndIuLanT

ABlATINITUAENITATNNTIAMIAUSEL DL UNER)

e nsiinnsandrseeslvawasiandudes n13fuuseAunisusnIsnasue
nsenenenmalulad
a d‘

4. mM3dnuseyalasinsaunalvg wazdndengnannianuunveie danuduna

aunsabiusEiuAuUINIINaene1eN YA
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Specification) vauAsasUfnIaliiadesiTei mnuanzauivanunisalvaslssmalnedagiu

5. MsdawseuyaainslumsidisinauiadaiioSunisaienenn1suingesnyl N3

LYY

AIVANARAILUTINUNY NMSATIITUNUAEMSUIRURYa1UsYYa

A

4.11.2 wnun1sianasesdiauazgunsalluviaslfjining
@ a4 A % a wa o a a N a s
nsdannsestiewazaunsalluviesufUAnmsanliunisiilaedmnvsetningimansves
Y = = L < o & g
an1dum Lesnduszaunisalnsanunu LWunmsdndenutunsy
1. dadspuzianulunisauanisiageiielvlainieonazgunsaininaunull
Julumuinguszasd
2. dnviteivuaniamaialunisianiesesonazaunsallurie sl jUsn5d
ANNTALRY AN TIUTUluNTEUIUNM TG
3. gliunsdavasestienazaunsalluiosufuRnsauseilouian

4. wssumMslumsungesnw weliesedieliongldnueiunuy

4.12 Us2an1sAUNUNITWER

4.12.1 fuvuaIasufnIaluazszuvativayun1sujuanis

Aldanelunisasmulasinissesufnsaldnedesives uisesnduaesdiu de [u

& v i Yo % c:l' a & v < v a
amuilasuuazalddnenasneignisidauvenses lnaduasmuilaswu ludunuasi
Uszanaandeyalsvinunisneaiiaesaiesufnialindeiide wuvawnussaiavuin 10-20
MW & 9l@5u mmqmawﬁ%’agamn Dr. Cheol PARK, Research Reactor Technology
Development Department, KAERI (a1usigagidualunianuin a) laglddnsiuaniuaou 34
umseniamisgyansy uazviinisusuanyarinisneaiisludiuanIsuiiuiineaine (Site
preparation) wazd31991A136A3IUHNTAIY (Reactor building) 31NAMITNIUNKANANAUVDY

«:1 Yo ! % < a ca a & A a % !

inmdnazUsemalng waznisidianneairuniesunsaliineies Nuanludsemalauisdiu

(localization) Ine8148393101ATINT “A1sANIMALTAYIILNUIULATIAS19QAAMNTTULA Y

w1l =

WINIFINEAEIMNTIURAZNITNIATE " Fudulasanisidesunieuninunieuvaalslniln

Jumdes vosdinwaulasinsissbudinadsudedes

1 guguInTInMIpnanIaiNvIne iy “lassnnsfinvuazdaiununuiiulassaignamvnssuwaynsndee”

enuatuauysel e ddnfannlasmslsdifmdnuiuades 2553
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173 al =
JoaUNR MINITANE

e yar1nsneaielsEnaumeALLaian lun1suszilingaInaeyanIng

Do e

pas1eazAnAwsludndiu 30% wavAndan 70% vedyarn1sneainasn’?

o duvasrusslumsneadn dofiasanandnsaussdusivesssmmningld
aaniilng 5 i fudesznunsausaesnewiniiy 20% vesdusanmald

o durrianlunsneain esnannsalifanfindnluussmaldursduinlien
Tanlunisneasitanas lneUszunaaianlunisneadavednemindu 63 % 09
ATTan LNl

o nisUfuAssararTaglunsieaisasifunisusuyasnanizainioudiud

noasauasANeaseeIAIsAsasunsal (Reactor building Ui 1-3)

WiethyadlunisuSvanvesatuswazianneaiiaiaie agirlianyaniludiuns

feasneaslaussann 50% Aeliuanunsaussinatuamu el

38 (B1UUMN)

1. fiuildneasdaseng 18 13 11.52
2. o fnsailinadeAidonfendiuaiuayy  yars 15,762.99
- Awseuiiuiineasns 761.60 wuum (22.4 M USS) Usuamduy 381.56

- fneaieasiaiesfnsal 4,926.60 duuwm (144.9 M USS) Usuaaidu  2,468.23

- 91AATBIUGNTAL waLTONES WSoURAAT (175.9 M USS) 5,980.60
- S1ATEUUATUARUNSUURNTS 4569.60
- $1ATEULYIRINATInsoUNSoULATRle 2,363.00

snduyganInIsamunmun 15,762.99 a1uuimn lnglasanisldsseziailunisneasna

Uszann 6 U uasiesesufnialinedesiduiongnisldau 40 ¥

12 pdninasin1smuInsIAINans unedas19e1ns nsulgnans 2559
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° ' a4 a X
4.12.2 Uszananrsanuauaussiinadululasenis

[

Aldievesypansiintunemouaz ulunuydinsny Al

M157199 4. 7enlETeupansiinvLlulasang

AU AAN1FANEN U INTIRUHDY Aldinesafiou

(Aw) (um) (um)

Unnemaniiiedes USeygten 13 30,000 390,000
USeyns 22 16,000 352,000

Fensiwades Yseyeym3 5 16,000 80,000
ndvns Useyes 2 16,000 32,000
FramAtin U7 17 13,000 221,000
UJ2%. 8 11,500 92,000

La’a’mﬂwﬁﬁjmi USeyes 2 16,000 32,000
U7a. 1 13,000 13,000

wiinauvialy Uaw./u. U 8 11,500 92,000

994 78 1,304,000

(%
LYY 1 fa v 1

Faduaqldargveayaainsisniulunisfueiesdfnsaiinndefifunisniuaudiu
auayunsURoRng wagnstigeine anduduisdu 1,304,000 vwseldiou vde 15,648,000
unsiel’’

4.12.3 Usz010n1sWAILI09ANT
Tunisandususududeadfinisimuiesansdsdesdnsuusranaludiunieg laun
sudszInasumM TRy AanTfiesessuMsUIMsMsRiuAesasgaduiy 4 duumded

suUsEanuUseduiuswazasrsnaruduiusiduky 1.55 auumeet F9e1atduaulssunn

Sl UNUUSITAIUNAS

PEnstuseuvas an.
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uni 5

LAUNTITINDIANTHAZNITINNTS

5.1 lasedd1ee9nns

nuleureguimsiusunsdanguauiifeidesiumsldussleviintosujnsaiiundes

[

Weietulml lussezBududmsdndunuliuinslunbesnuiiiediy lneddlduenesndu

AudanzAu Ay nquau 7 ngueuidendiilunmsfinviiiessluanudululalulasinis

fa o 1

Januasesdnsalinedesideuazdruadvayunisliuinsideuazuinnssy avegaiivay

v
a

melalassasnaanvu sadl

AuEnETN NS

~ o a s ) aa a6 a s 1l
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wazfnuandululd (Feasibility) wianusuugsdayaineafivanwazyanaiia (Technical

Specification) vasasasUfjnInliiaadesideallminmunzanivantunisalvasusamalnedagtu

v

o naunundnlelalnussd Wunguaulugudlelelnusd (me)

[ = [

o naunuiunsaesEsyuddunguaulugudaneSiddyud (a9

Y a

o ngunumuluURIugmans Wunquauneldnguidenasiaundaedes 3

o ngunusnumstavasieiniluszezusnagdiununuegfugudiniosufnsal
GiY)

® nauNUIUNAFRULAEIATIETIanA L IuNuNelanguITewas R TaeGeS
() wazauguInMsmaluladiamdes (an)

o naunuldewazuinnsslunguanlunguidouasimuiundes 1 uaz 4

¢ nauguiuRnusuImInssuiedesaniuanunaelinguuiifnismalulad
5

Tunsdduauasinsufudnsidaesgudiasnguaundn ieilgnisld
Ustlovtuasdmsdaniaeiesufnsaiinedeideln aguussiuldsed
1. msdamislasiaiivesdnsdilifineiuasuutas wazamnsaduiunuaseunquns
Tusmsuasnissesiunuisula
2. insuudnsmdsaululasiaislfaenndestunisiiniesujnsaidedeadeln

(9

T R e TR R R AT

o qudlolalnufedifindindsnu 31 Ay
o quianededsnudifiuideny 10 Ay
o  unuuiulgaiugmand iumdanu 3 AY
o unslavansisintiiuiidsn 8 )
o umAdeuazimuiuidnuusein 10 Ay
o fmAmnsneesUfnsaiiedediiuiideny 16 Au

¥

3. nguiangsiatuafesaisiyaainsilituguauinermansuazimaluladiundes
\iavimi Technical Sales Usgauauiunguanisegdun1sunmg Aun1sinens
AIUGAAIMINTIN AUNITITEUALITINTT TuNIATdUNUTIINAUNITHE9

I av (% a

4. navdteuaziauduedesindudssivdndrudnidusuidnduindu

9
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wazfnuandululd (Feasibility) wianusuugsdayaineafivanwazyanaiia (Technical

Specification) vasasasUfjnInliiaadesideallminmunzanivantunisalvasusamalnedagtu

5.2 n189AU Job Description, Job Specification

Tun1suimsdnnisniieaululasanis, deslin1siivunanyazau Job  Description)
AuauUARNIgALe Job Specification) n1sNeUNNNEUTINAU Job Assignment) uay
N1 3UsELIUU Job Evaluation) 1ian153nnaenulinunziuane n9a9uNuimuninee

Mdsaukarn1sUsziiunauniivsed@nsaan lastaniznsufofauaiusdnisnivun

AuaudRRngi s siuamau TRy (Qualification) aungseilouduiRnuniesdnie

9 9

€

a wa a

AUTRnuRuasesunsaliaadeiife uenandlumsanfivaudesidfniswisuidnu
wazsunislidenndasiunsiuniadludnvasufifnuarmandung (Shift) ndnaz 8 Falus
AUNYUUIBLTINY dutskazmasaulunisiiuasesunsalinafesidevuiniigs 10 Mw

wazUn3e3nY

o
g [

ofls nMsUszliudumisuazduiuyrainsfoanslunsedl 51 dunszviinngld
auuAgumsuftRnulunieddasznoudie 10 seumsvienn (1 seuusenausen1sineu 20
$u 26 Flussiotu uazinUAsuTemas 7 u) Andusiuauiuineu 270 Su naniiwmaesn 65
fuLﬁuswzms@jLLa%’ﬂmm'%'aw;jmz:ﬁuazms’E’JﬂanmumumsﬂﬁﬁamuﬁuaqL%’mﬁwﬁLmu

Ugnsniv

M13197 5.1 shuwndsaziaspundndulunisifunies wastigdne

Position Quantity Qualification
Reactor Manager 1 Senior engineer
Quality assurance & safety engineer 1 Senior engineer
Secretary 1 -

Operation section

Operation Manager 1 Senior engineer

Shift (4 shifts)

- Shift supervisor 4 Engineer
- Senior reactor operator 4 Senior technician
- Reactor operator 8 Technician

Radiation protection/Health physics section

Radiation protection/Health physics 1 Senior engineer

manager
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wazfnuandululd (Feasibility) wianusuugsdayaineafivanwazyanaiia (Technical

Specification) vasasasUfjnInliiaadesideallminmunzanivantunisalvasusamalnedagtu

Position Quantity Qualification

Radiation protection/ 4 Technician/ Engineer

Health physics officer

Maintenance section

Maintenance Manager 1 Senior engineer

Electronic specialist 2 Technician/ Engineer

Systems specialist 2 Technician/ Engineer

Mechanical specialist 2 Technician/ Engineer
Total 32

5.2.1 nguenundnlolelnused desnisyrainslui d1uau 31 au leswiadwdmda

INYIFERININNUNBIVIAADY UATTINATLA AIN1S197 5.2

M3 5.2 suianagmainuiiuinveanguaundalolelny

STAUNITANEN AU U (AU)
WY (AUUTEAUAMATNWAZATUANAMATI) 2
ninereansiuades (r-192) 4
o a sa a ¢ 4'

UNINYIANEATUIAAYT (Isotope BUE) 1
HnInemanstuades (Lu-177,Ho-166,Rituximab) 2
Supervisor (A1UANNSHERLBLEINY) 1

s¥AUUIQYYINT Inmeneans (Ussiunmunin) 2
Unngrrans (ATUANAMAIN) 1
Uningrmansiadl (AruAuAMAIM) 1
UNINeIMEANITIINET (ATUANAMAIN) 1
Unimeneans (U3M3) 1
WIMNTIgINTg 2

. NUNURDINAALDA 6

L% L% = Al

FEAUNTHUANWIUN 3 = »
. wnutusn 1
%39 U2 . —
Hrawmada (L)
Framalla (1A399N4) 3
39U 31
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Specification) vasasasUfjnInliiaadesideallminmunzanivantunisalvasusamalnedagtu

- Y a v

5.2.2 agueudunsanesiddyud dosnisyaainsivd $1uau 10 aulaewdadudming

WIAEARTHATANINE AINNT19N 5.3

[

M19199 5.3 suniaasiaenuiiiuveInguuae SFs

SETAUNISANEN AU 31U (AY)
v A - Y Y A, a ¢ a a s
sEauUSUIns WM (Adnenanansiaaays) 3
Uaa. gﬂ%’m (BLannsaiind, 9anLUUNSHER) 7
593 10

a

5.2.3 nguauiuUuUsiugamans fosnisyaainstuddiuiu 3 au ludmdifissaudayan
onfifianuianuainisasiudnszinisivisuunladlussduiwaduasftdue (Molecular

biology)

M19199 5.4 funtauas MaspuiisinveanguausuuiuUssiugmans

STAUNISANEN ALY 371U (AU)
s¥AUUTeyeyLen nInemansiundss (Molecular biology) 3
594 3

5.2.4 nguaudunsiadansiadan desnisypainsini S1uau 8 aulasuvadvimnsdaedes

0

nineemanitiedesauianeans dramada wasninanunily A5 5.5

M990 5.5 Auntauas Mainuisiveanguaunisiavasnea

sERUNTSANEN A U (AW)
Yy n3 Fensiuedes (wsesnavielii) 1 (Wwiehi)
U a s o <. v o o
UNINYIAERNT (IAAAIEN3) 1 (i)
Uaa. Franaila (1030908, Iiuazgsnis) 3 (1AW 2gndng)
U, Y1l (ATenauaslnii) 2 (gnd)
Tseufnwinoulae wilnaunaly 1 (gnan)
39U 8
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Specification) vasasasUfjnInliiaadesideallminmunzanivantunisalvasusamalnedagtu

5.2.5 nguauATenazuinnssu fesnisyrainsinil S1uu 10 awdudmihissaudsygend

fanuianuaunsalumsvihnuidenneidesiuniesdnsal lnsuvsdwiudiviinuyile

999U FIRN51N 5.6

M15I9W 5.6 AALaE MAIAUTTILRNYINGLUIIBUAL W IANTTU

sERUNISANN AU FWIUYAAINT

(Aw)
dninenmansiiundes (NAA) 2
R Hninereansiiindes (PGNAA) 2

Jseyeyuan — —

uNINYIAEnIUIAaYS (Neutron imaging) 3
HnIneeansiiaundes (Neutron scattering) 3

39 10

5.2.6 arudAINssuATaIUNsallaAGeS eRiansayaaInsiAunleguarUsuldiuwky

Mdsaulndias andtdenisyrainslud 91w 16 AUlAgLUITILILTMTNNAILTINIUNE

(Shift) 4 n¥ (3 Nz, 1509 1 N2) N=AE 8 TINMUNYUUIBUINIU ARSI 5.7

M15199 5.7 Funtiauas MAIPULANYINgUUAUImNTIuAIasUnsalliades

FTAUNSANYN AL Iuufan(Aw) UIUTI x4 N (AL)
Shift Supervisor /
1 4
_ - Senior Reactor Operator
U3ty 1ns
Radiation Protection /
1 4
Health physics Officer
U Reactor Operator 2 8
334 4 16

5.3 1A13eTNY sruwuzwazgunsaldtineu

WBUTMTINNS N UANBIAIINABINITATUNTEUTUNITHAALAL NITIAUTAITANUUNY
MAINsHan wenanerAsivessdludiuativayunisufifauia dwediannsdtinauaes
mhsuazesdusznevatvayuliinauadesiilunsuiinu Inen15iauaunisusmsny

ADILNTINASUUAIL
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umsial

A1919 5Un. Tudruveslelalny 1 Au waziasosufnsaliandeside 2 ausiuiu 3

AL LAATAUAIDY 10,000 UMFBLABY 34 360,000 UNsaY
AYNAINELEIA 5,000 UMABLABU 2 B89 SIUUsEUNad 600,000 U sl

uassyUlnalarnwaulaendy 13.56 auumsed

[

ATanFUIUADI9198991INNSANY AL Ao 32,800,000 sl Tnefvunlvined
Wosaninann1slun1susnisdanisiidin st Productivity kagn15usnasiud
44' PRI & Av oA N A X = Y Y v a
AaunnLiielirlddnetineilifinisasuudaainty Sandasiinsanadunismuty
Wenau
I dy LY [ a ca o [y o 1% 1 dy [y [
AnleUseiudgazinannanizaunsaltviuseiulaegivualiyarndeUseiuidu
1 % Yosyar1vesgUnIailinUseiude (Reactor Building) sauAdeUseiunianua
A 80.34 duumseluavaannnl
AdIrensuseiuduluanusuliadeyanail 3 dunsuuseiuanudsduiiunisvuds
P v o o & a a a e o a a s g
nsndeudreaslolelnused Wwewmdluades wazdagiaedes sadulumungruie
UsziuanusuRnveunuiadss (Nuclear liability law) galsiaunsaiiundalalnense
P TR v v i v Y a a ¢
Wesndslaiingnunedsduldludseme wianndeyanisuseiudeveaniesufnsaivly

Tatuarauudlviyarinisuseiudeasivingy 1 auumeel
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uaznwranandululd (Feasibility) wiauusuusstayaieafuanuaiznianaiia (Technical

Specification) vaua3asUfnsalinndesideiiivinmunzanivaaiunisalvasuszmalnedagtu

fa v

e JSuunislddomnfnazsandonds nuiminiduesesufnsalinadeside 24
Flusriou Wunan 270 Yusiel aldigludrudemndwregiussanayssunm 53 -

72 auunaet

a1 A U

390U dunulun1sudn -131 Windu 27.61U M8

9

® LHUNSNAR -131 YSunel 1,460 A

a

v a

1adgs (27,610 vmsien3) Awrandusuyunisuanlaviiiu 40.46 aruumeey

a e a

® LNUNITHAR I-192 USuau 4,200 a3siel duvumsndn 40% vessels Anduyad

AUNUNTHEAWINAY 11.2 a1uumsied

dl%ﬂl a

® LNUNITHEN Mo-99/Tc-99m USunad 1,200 A3iel AunNuUNISHEN 61.36% vo331eld

Y

mwandudununmsndalavingu 229.31 duumnsied

® UITUIUNITAUNUNITHAAVDI Lu-177 hag Se-75 i1y 61.36% vaisrela
WULAEINY Mo-99/Tc-99m
punewma Algansluniseandunisursegedeldaiunsadndidnlunisuseliuaseile

Wennndiliifnvuvsedsliiteyanisaniiunisluesn loun

[

o dunuikdsluarTanduildeslunisudnlelalnudilng wiensvin3delnd sauden

9

ANSUUAITIRT A lLUS NNSEIUNANd

6.3 UsEannunNsunasinnveluyy

n1samuAnauasaslfnsaliinadesivenseudivatvayunisujianindulasanisiiada
Usglovdlifiuussmealunangs du Neduesegna wasdsan Judulasanmsilasunsatvauuain

(%
[ LYY

Funa deiusudszanaiildlunsamuisunilusudssanadlasuniseavyuainisuia

6.4 nanniwdnazldlunsfitu

nsamuRnfLAIaslnsaldnefeTidensendiuativayunsujiinislasunisatvayuiuy

Judsznaniua daudlidadddndnninglunisgitu
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senuatuanysal MIFnBIaENUNIUNANITIATIZANTIATIUNLG IR
uaznwranandululd (Feasibility) wiauusuusstayaieafuanuaiznianaiia (Technical

Specification) vaua3asUfnsalinndesideiiivinmunzanivaaiunisalvasuszmalnedagtu

1%

6.5 ansnanilawazsaulvlunisdiseun

Y

fa o b4 1 Y

nsamuRnfLeATeslgnIailiedeTensendiuatiuayunsujianisiasunisatuayutu

sulsznanIniguia daiudslddiludesiRuuarlififoulalunmstissiug

6.6 M3T1zRUNLAzARNLUY

nsamuRnfLeATeslgnIaliliadeTenseudruatiuayunsujianisiasunisatuayutu

ulsENiUIa Asludelifinnstseiug

6.7 USZUIUNISIUNTSUERUER

1nnsUszIaINsEansglantnsdludgiuiidusielavesanu. waznisuszaaeldaneaiuise

ayuseglawazanlidnelunsarUuasyseananisauilsviaulaninisned 6-3 83 m15199 6-9
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A157197 6.3 kansselaannnstiusnng

51891ualUaNY Al MSANYILASNIUNIUKANTITAATIEVNITIAIUNUG IR
wazAnwanaudululd (Feasibility) wianusuugsdayaieaiivdnsazynamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

s (g S ais | 77 | v | i O] VR | VR | VE | VR | VA | VA | VA | VA | VR | VF | VR | VA | VR | A | U4
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
s1la
AruUNITUNNY 318 | 605 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637 | 637
lololnysed 1-131 274 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548 | 548
lololnusid Mo-99/Tc-99m 32| 32| 64| 64| 64| 64| 64| 6a| 64| 64| 64| 64| 6a| 64| 64| 64| 64| 64| 64| 64
lololnused Lu-177 12| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25
AURATNNTTH 18| 68| 93| 113| 113 | 133 | 173 | 173 | 173 | 173 | 193 | 193 | 193 | 193 | 193 | 213 | 213 | 213 | 213 | 213
-Dg9Foqueal 4| 40| 40| 60| 60| 80| 120| 120 | 120 | 120 | 140 | 140 | 140 | 140 | 140 | 160 | 160 | 160 | 160 | 160
lololnused Ir-192 6 6| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13| 13
lololnusad Se-75 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
-mM3laUarsAesa 30 17| 34| 34| 34| 34| 34| 34| 34| 34| 34| 34| 3| 34| 34| 34| 34| 34| 34| 34
Fu 9 30 3| 3 3| 3| 3| 3| 3| 3| 3| 3| 3| 3| 3/ 3| 3| 3| 3| 3| 3
5181A593 337 | 673 | 730 | 750 | 750 | 770 | 810 | 810 | 810 | 810 | 830 | 830 | 830 | 830 | 830 | 850 | 850 | 850 | 850 | 850
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wazAnwanaudululd (Feasibility) wianusuugsdayaieaiivdnsazynamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

d' | | a a ¢
#1501 6.4 LLa@QﬂqiaQVJu&LanUﬂigﬂaUW'NqmaﬂLﬂiaﬂﬂﬂﬂimﬂ

398M15 (WU9E: A1UUIN) Yo Uit 1 Uit 2 Uit 3 Vit 4 Vit 5
Site Preparation 174 104 104 0 0 0
Reactor Building 104 939 1,426 2,462 2,152 952
Fuel 20 48 34 68 139 105
Radioisotope Production Facility 41 218 490 520 520 245
NTD and NAA Facility 0 14 48 41 48 71
Radioactive Waste Treatment Facility 0 14 119 228 207 173
Irradiated Material Examination Facility 41 41 313 452 486 241
Neutron Beam Facility 0 51 136 221 272 170
Beam ports & auxiliary 0 34 85 136 204 170
5 Neutron Instruments (HRPD, FCD, RSI, NRF, TAS) 0 0 34 85 153 204
Thermal Instruments Utilization 0 34 34 68 119 153
i 12 0 0 0 0 0
irSesilodmiungunuanesddyud 0 0 0 0 0 10
indesdledmiunguanunaaeulariiaTziian 0 0 0 0 0 16
guUnsaliiuAudmunaiidouasuinnssu 0 0 0 0 0 35
JIUNTAMNU 391 1,495 2,822 4,281 4,301 2,546
AUGUTNITIVINITWMTIANTANTIVERe RN
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wazAnwanaudululd (Feasibility) wianusuugsdayaieaiivdnsazynamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

d' o Y a
M99 6.5 memunu%ﬂmﬂ%mmi

598015 (M98: d1uum) Ve | itz | Vs | Vo | V10 | V11 | V12 | V13 | Ve | Vii1s | Viite | Viia7 | Vs | Vi1o | Vi20 | Vi1 | V22 | V23 | Vii2a | Vdizs
aldarenisuims 153 | 155| 170 | 171 | 173 | 188 | 189 | 191 | 207 | 209 | 170 | 186 | 188 | 191 | 207 | 210 | 212 | 229 | 232 | 153
Ruifiou 16 17 18 19 20| 21| 22| 24| 25| 26| 28| 30| 31 33| 35| 38| 40| 42| 45| 47
Maintenance 0 0 13 13| 13| 27| 27| 27| 40| 4o 0 13 13 13 27| 27| 21| 4| 40| 22
Hneusu 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
Usgndunus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
massyulnanarsnmng
Uaoniy 14| 14| 14| 15 15 16 16 17 17 18 18 19 19| 20| 21| 21| 22| 22| 23| 24
fandAuFessuszanmusydd) 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33
Usenuge 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 22
Aldarensliuinig 126 | 135 | 159 | 160 | 161 | 162 | 163 | 164 | 165| 166 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175| 176 | 177
Andenasianges 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
Auasanslolelnusad 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3
suyulunsngs -131 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40
Aunulun1sudn Ir-192 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Auyulunsngn Mo-99/Tc-99m 20| 20| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39| 39
suyulunsngn Lu-177 8 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
sunulun1sudn Se-75 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
sauA e 279 | 289 | 329 | 331 | 334 | 350 | 353 | 356 | 372 | 375| 338 | 355| 358 | 362 | 379 | 382 | 386 | 404 | 408 | 335

AUGUSNTIMINSWINaINsaluvTIvedy IREEE
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51891ualUaNY Al MSANYILASNIUNIUKANTITAATIEVNITIAIUNUG IR
wazAnwanaudululd (Feasibility) wianusuugsdayaieaiivdnsazynamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

$18M15 (WU2Y: A1UUM) Yo | Vi U2 Un3 Uiia ns e | Vit | Vs Un9 10 Ui Ui12

selel 0 0 0 0 0 0 337 673 730 750 750 770 810
Aldaneamu 391 | 1,495 2,822 4,281 4,301 2,546 0 0 0 0 0 0 0
AEII8AITUINIS 0 0 0 0 0 0 153 155 170 171 173 188 189
Al RUTNIS 0 0 0 0 0 0 126 135 159 160 161 162 163
Aldaenisasnuiiia 0 0 0 0 0 0 0 0 0 0 0 0 0
lagns 391 | -1,495 -2,822 -4,281 -4,301 -2,546 58 383 402 419 416 420 458
578015 (W2e: §1uumn) 13 | Viwa | Vis | Ve | V17 | Vs | Viwe | Vizo | Vi2r | Vdizz | Vs | Udiza | Vs

selel 810 810 810 830 830 830 830 830 850 850 850 850 850
AlEeamu 0 0 0 0 0 0 0 0 0 0 0 0 0
AgI1eNISUIIG 191 207 209 170 186 188 191 207 210 212 229 232 236
AlgIenslruInIg 164 165 166 168 169 170 171 172 173 174 175 176 177
Aldanenisanuiiiu 0 0 0 0 0 0 0 0 0 0 0 0 0
3¢lagns 455 438 435 492 476 472 469 452 468 464 446 442 438

AUGUINTIMNSWAINaINTaluvTIe Ny IREEE)
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wazfnwianuululd (Feasibility) wiewuiuusstayaieafivdinwaznamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

6.8 Uszanaunissumlsvianu (wan1saiugiu) (Main)

AN5197 6.7 wananlswazinlsazaunisiusnig

578015 (Wi2e: §1uumn) Yo | VA1 | VA2 | Vs | Ve is | Ve | iir | Vs | TAe | Vo | VA | V2
selgl 0 0 0 0 0 0 337 673 730 750 750 770 810
AlgI18n1TUTIS 0 0 0 0 0 0 153 155 170 171 173 188 189
AlgIIATIRUTNIS 0 0 0 0 0 0 126 135 159 160 161 162 163
Aldaenisasnuiiia 0 0 0 0 0 0 0 0 0 0 0 0 0
Adeusnan 0 0 0 0 0 0 396 396 396 396 396 396 396
ils 0 0 0 0 0 0| -338 -13 6 23 21 24 62
Alsazau 0 0 0 0 0 0| -338| -351| -345| -322 -301 277 -215

578015 (Wd2e: A1uUm) i1z | Ve | Vs | Ve | Uity | Vs | Vo | Vdizo | V21 | Viizz | V23 | Uiiza | Uiz
selgl 810 810 810 830 830 830 830 830 850 850 850 850 850
AlgI18n1TUTIS 191 207 209 170 186 188 191 207 210 212 229 232 236
AlgI1ensTRuTANS 164 165 166 168 169 170 171 172 173 174 175 176 177
Aldanenisanuiiiu 0 0 0 0 0 0 0 0 0 0 0 0 0
Andeusnan 396 396 396 396 396 396 396 396 396 396 396 396 396
mls 59 42 39 96 80 76 73 56 72 68 50 46 42
Alsazau -157 -114 -75 22 101 177 250 306 378 446 496 542 584
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wazAnwAudululd (Feasibility) wianusuussdayaifeafivinwaenianaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

6.9 Uszanun1sIuLEnIgIusians (Main)

M131991 6.8 wansUsEaugIUeAanTs (U 1-13)

578015 (Wi2e: §1uumn) Vo | VA1 | V2 | Uiz | Va4 | Vis | Ve | Vv | Vs | VAo | Vi1 | VA1 | V12
Aunsng

Ruan 0 0 0 0 0 0 58 441 842 | 1,262 | 1,678 | 2,098 2,556
Nuclear Research Reactor 391 | 1,886 | 4,708 | 8988 | 13,289 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835 15,835
W AndeusiAaza 0 0 0 0 0 0 396 792 | 1,188 | 1,584 | 1979 | 2375 2,771
FAUAUNSNE 391 | 1,886 | 4,708 | 8988 | 13,289 | 15835 | 15497 | 15484 | 15490 | 15513 | 15534 | 15558 15,620
wiiay 0 0 0 0 0 0 0 0 0 0 0 0 0
SUnLAY 0 0 0 0 0 0 0 0 0 0 0 0 0
N 391 | 1,886 | 4708 | 8988 | 13,289 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835 15,835
mlsazau 0 0 0 0 0 0 -338 2351 -345 -322 -301 277 -215
52dUVBINU 391 | 1,886 | 4,708 | 8988 | 13,289 | 15835 | 15497 | 15484 | 15490 | 15513 | 15534 | 15558 15,620
sqwﬁﬁmmznu 391 | 1,886 | 4,708 | 8988 | 13,289 | 15835 | 15497 | 15484 | 15490 | 15513 | 15534 | 15558 15,620

AUGUINTIYINTWRRIAINTAINNTINE R IR
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51891ualUaNY Al MSANYILASNIUNIUKANTITAATIEVNITIAIUNUG IR

wazAnwanaudululd (Feasibility) wianusuugsdayaieaiivdnsazynamaiia (Technical

Specification) vauAsasUfjnsaliiadasidedininuansanivanunisaivasUszmalnedagiu

578015 (Wi2e: §1uumn) Vi3 | Ve | Vs | Ve | VA7 | Vs | Ve | Uizo | Uzt | Uiize | Uiz | Viza | Viizs
aunsng
Huan 3010 | 3,449 | 3884 | 4376| 4852| 5324| 5793| 6244 | 6712| 7,176| 7,622| 8064 | 8502
Nuclear Research Reactor 15835 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835 | 15835| 15835 | 15835| 15835| 15835 | 15835
W Andeusieaza 3,167 | 3563 | 3959 | 4355| 4751| 5146| 5542 | 5938 | 6334 | 6730 | 7,26| 7522| 7,918
SINAUNSNWE 15679 | 15721 | 15760 | 15857 | 15936 | 16,013 | 16,085 | 16,141 | 16,213 | 16,281 | 16,331 | 16,377 | 16,419
wiiay 0 0 0 0 0 0 0 0 0 0 0 0 0
SUnLAY 0 0 0 0 0 0 0 0 0 0 0 0 0
U 15835 | 15835 | 15835 | 15835 | 15835| 15835| 15835| 15835 | 15835 | 15835 | 15835 | 15835 | 15835
mlsaza -157 114 -75 22 101 177 250 306 378 446 496 542 584
FIEIUVBMU 15679 | 15721 | 15760 | 15857 | 15936 | 16,013 | 16,085 | 16,141 | 16,213 | 16,281 | 16,331 | 16,377 | 16,419
mmm'f?muaxvgu 15,679 | 15721 | 15760 | 15857 | 15936 | 16,013 | 16,085 | 16,141 | 16213 | 16281 | 16331 | 16377 | 16,419
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wazAneanadululdl (Feasibility) wianuduussdayaieafivanvaznianaiia (Technical

Specification) vauAsasUfjnsaliiadasidedivinuansanivanunisaivasUszsmalnedagiu

14

6.10 N15IATIZNYAANNY

q

fa o

6.10.1 M3UszdiunsamulasinIsATaIunsaliianiesidey

Tun1sfinwianudululansluiiuasygia n158u wazdiny Weussilunadnsiiinty

' £%
o fa a =

nnsamunasglulasaisiuguaumalulagiaedesiiefnnsaiosufnsaliamieside

wioudruatuayunisujiinisauanudesnisvesdldnlads Uun1siasizinisau

(Capital budgeting) laglddauusane muasuaans loun auAunuyad1dagduans (Net

Present Value: NPV), 9as1nanauknunialy (Interal Rate of Return: IRR), M S1& 7

HARBUWNUFOAUYU (Benefit Cost ratio: B/C ratio) WAy S¥8ziIaAuU (Payback Period: PB)

TaesnUsNnanfelianununeaaselud

1.

NPV fio n1siayargninlaainnisasululasinisiagssdnluyarivesduly
PrarfaguiiievdatdymusinnzRuieviieyadiiauvesiu lngyad1kunag

Anluowiandndudesdinisusuanyartulaglddnsidiuan (Discount rate) lu

[ 1

gnsene 9 Tunsdifagimuaduaindns fe 8%, 10% uaz 12% Lielviegluyan

Ly ]

Jagtu dwsuldinanuauaivedlasanis

9

IRR g dnsrdiuanildiievinlryariveddasinisitduaud As Aunudeonunaiey

u q q

I3 1% 1

nsldeu Iaed IRR gandndnsidinanass Msasuiazduawazindwnnsnmng

gaAeNN

| =

B/C ratio fio Sns1druszninalsslevidildsudeduyuiitislunisamulassng
wamsAduosidud Tag B/C ratio figaazuansfadnsinarilsvadlasanisiiunn

PB Ao sveznanduyu Wusilarizuaninnudunuiinisamululasinisdedd
szezawilafisazAunu nddfe anBuamuileszaznatulyazlisesuils
yaoalidrefiamululundiu Tnedeiusseznardifuyuudseldiinniy

sunnvzdoduseldgnailidesiminiutduamu

lun1susediunisamulasinisiinlagiissananisnelauasduyunlaandeyaniu

nsraakazaunAlinUTEaIn Ingdeyalsenauniy

=

selafiduselavimssds anu. 105U (Primary benefit) saufuyaAniasgnse

daaulauselewd (Social benefit) wwnga@Iua uIsaUseuA T IRUle

AUGUINITININITWRTANTAlNTIe R IR
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wazAnwanaudululd (Feasibility) wianusuugsdayaiieafivdnsazynamnaiia (Technical

Specification) vauAsasUfjnsaliiadasidedivinuansanivanunisaivasUszsmalnedagiu

o sunuuvau funuainnisamu (nitial investment) fufidu 1Ades szUULAE
gunsalusenay, Aldanslunisaiiunis (Operating expenses) wagAunuLUs
AuinuanstsUlnauazaUseiude [Wusu

®  ANUANYUNIITUIHANTITAIUIN FlAuds NPV, IRR, B/C ratio wag PB Ay
ToauuAluudaznIal

sUnvumsUsziiulassmsiiauelagldguaunandn (Productivity) Aune1nsainny
Fosmsveswaaiagiuaziualiiumudesnslusuasluuismdndoe elTouifieunavesi
wUsluniyuiidefuusenounisiemeinalunsussidiunsasmulasanisnsdiniosufnsal
TupdeFiTevun 10 MW
Tunsdififinisfiarsunanudesnisiunisliuinisifedugsiidosnisaussousvesd
fhnseuge Wiesesfudadesunsusdudunisidenazuinnssilueuian Jadsaniswdnd
Thnsougs vafdsimnzauveaniesfnsaiduade idefidesamuorafiudu 15 - 20 Mw
Hadeiireninnfinsanlunsdifuniosidgedu dad
1. wawdnnnuaudesnsdinadulunuusunsndnia msssduseldtomimsuas
yarfiynaasgianazdanndnaiy
2. andoyadiumaiiaty ndosunssidnadsfiTeauinfidssening 1020 Mw 14
frdsnuiuadosuagnsldiuise sufsnanaieaniougunsalUsznouuayszeziian
Tunsrieasrs lauansnstuann dafuFslinsenusesiuyunisasusnn
3. dhuiuansnsastdurldanelunmsduiuns dsldun aldaelunsiueies s1an

& a a a 6 ) L ! v v [ ¥
Wamdatuedes Aranssudlan Adisednwuazauseiudiey Wudu

6.10.2 Hauszu1uINwUILdUNANEALaZAIUABINITITUSA15A AT R NI
fAde iy

| a

NaN1SUTEIUA2835015US2UNUNBUN U UKNANARKAZ NS IAUSNNS AD YaAENTYDY

Y 9

a

lassnsluyarndagdu (NPV) dyaen -1,323 - 3,494 duum audnsidiuaniiientd yarians

KY) 9

drulngdenaduuin uaza IRR vaslasenisiidan 10.6% Feganitdnsidruaniidenld lne
SreEIaluMsAUYY Ag 14 - 1N 20 U WetuansuldnueIasufnsaliiuafesidevse 20

- 11nn31 26 U TUANENEmY

nfwUsnanuatnandiniuindulasanisiquanlunisasmu Wesannisssuiu

q

srulaanuurliuanufeinslguinisniesunsaiiedesidelaevninssnazniedontu
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Specification) vauAsasUfjnsaliiadasidedivinuansanivanunisaivasUszsmalnedagiu

v A Y

aunsaUssnaiyarnasinluiuiasugiakardnulag sy Gedsliveyadnuaiediuiiliaiunse

Usznnaeeanunluyan1vianisdu FsesAusenausieg walaziianadeionlugnle wu

Aldanefianassnuassuguansatluduasuiugaavnssuwaznsiseasesnulueg
a dd’{ o

Trnudseyinslulssimavinly GDP vesUsewmaiinisiasyiulnundudnaliasughanvuinla

ANMUADINIT I TUS NI SALNINTVUANUADE

M1319% 6.10 agunansusediulasanisisesufnsalinnfesidy

PnLlduraNanLarn1sIAUINIT (NPV: 1188 uuIm way GDP growth 3%)

Economic Based on Demand forecast
Discount rate Y
(a1uun)
8.00% 3,494 §1UUMN
NPV 10.00% 661 a1UUM
12.00% -1,323 87UUM
8.00% 1.96
B/C ratio 10.00% 1.86
12.00% 1.77
8.00% 14
Payback period 10.00% 171
12.00% 111171 20 U
IRR 10.6%
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AMARNUIN N

m1319Usziliun1samulasiNsnItiinsesufnsaliinfeside

Reactor 10 MW

Economic GDP 3% . Y Year 1 | Year 2 | Year 3 | Year 4 | Year 5 | Year 6 Year 7 Year 8 Year 9
(Mu28: aUUMN)
Primary Benefit (revenue)
#2 Based on Demand Forecast
Benefit | @1un1sunng 318.41 604.66 636.83
lololnys9d 1-131 273.75 547.50 547.50
-lololns9§ Mo-99/Tc-99m 32.16 32.16 64.33
lololnyssd Lu-177 12.50 25.00 25.00
AUYATINNTTH 18.41 68.01 93.38
2183950 uel 4.00 40.00 40.00
lololnysed Ir-192 6.49 6.49 12.98
-lololnysed Se-75 1.88 1.88 3.75
-m15iava1seah 3.40 17.00 34.00
-9 265 265 265
s1¢/l@sau 336.83 672.68 730.21
AUGUINITIVINTWMNTHIAN TN INE R -1
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Economic GDP 3%

Reactor 10 MW

(WU29: a1UVN) Year 1 | Year 2 | Year 3 | Year 4 | Year5 | Year6 Year 7 Year 8 Yea r9
Social Benefit AUNEATNTTY - 1.73 1.73
YDA INAHES - - -
Lﬁi/%/m'%faaanmwﬁm - - -
ilyamseenuaniug - - )
Lﬁi@/ﬁﬂ'%f'@aafﬂﬁﬁzan - 173 1.73
FUNISUNNG 1,405.21 1,405.21 1,405.21
- YAAMIATYEATYOU NI TUNITIY 1,405.21 1,405.21 1,405.21
AIUYATINNTTH 15.00 150.00 150.00
- ya@'uf‘vimwmiwgﬁwmwaaa 15.00 150.00 150.00
AIUNTTIVBUAZNAIUN 125.84 125.84 125.84
- M3aANIslTa18IA3T (Usqa193) 69.48 69.48 69.48
- manmslaarenInsy (Usyeln-ien) 47.36 47.36 4736
- Usslgwioinnasidselal 5.00 5.00 5.00
- Uszlowannnadnssesausumieaudu 2.00 2.00 2.00
- Usglgmlanans sl 2.00 2.00 2.00
Total Benefit #2 Based on Demand Forecast 1,882.88 2,355.47 2,412.99
AUGUINITIVINTWMNTHIAN TN INE R n-2




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR
uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW Year Year Year Year Year Year Year Year
Economic GDP 3% , v Year 1
(¥U28: AUV ) 2 3 4 5 6 7 8 9

Investment and Operating

Cost

Nuclear Research Reactor
Initial Investment
(including Training, Installation)

Site Preparation 17375 | 10391 | 103.91 0.00 0.00 0.00
Reactor Building 103.91 | 93857 | 1425.75 | 2461.60 | 2152.20 | 952.00
Fuel 20.4 a7.6 34 68 139.4 105.4
Radioisotope Production Facility 40.8 2176 489.6 520.2 520.2 244.8
NTD and NAA Facility 0 13.6 47.6 40.8 47.6 71.4
Radwaste Treatment Facility 0 13.6 119 2278 207.4 173.4

Irradiated Material Examination

Facility 40.8 40.8 312.8 4522 486.2 241.4
Neutron Beam Facility 0.00 51.00 136.00 221.00 | 272.00 | 170.00
Beam ports & auxiliary 0.00 34.00 85.00 136.00 | 204.00 | 170.00

AUGUINTIMMTWRINaIN Tl INeNdY n-3



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

da o o

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Economic GDP Reactor 10 MW
L Year 1 | Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 | Year8 | Year 9
3% (Muae: auum)
5 Neutron Instruments (HRPD, FCD, RSI,
NRF, TAS) 0.00 0.00 34.00 85.00 153.00 204.00
Thermal Instruments Utilization 0.00 34.00 34.00 68.00 119.00 153.00
i 11.52
m?aoﬁaﬁ”n/is”vn@imuma%ﬁa"’zymﬁ 9.50
inSeuilod s unguaMAEEUUAY AT I IAY 16.09
ounsaliiluiuamsunguiseussianssu 35.17
Gross 391.17 | 1494.68 2821.65 4280.60 | 4301.00 2546.16
Operating Expenses | Rutfiou 15.65 16.59 17.58
A3esnT 13.40
Hnousy 8.50 8.50 8.50
Uszaduius 1.55 1.55 1.55

AUGUINITIVINTWMNTHIAN TN INE R -4



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW

Economic GDP 3% ) v Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9
(¥U28: a1UUIN)
s’mgammsammﬁlu
Andainasiandes 5300 | 5400 | 5500
AassUlnanasinwaulasniy 13.56 13.97 14.39
Arvudsaslolelnused 1.50 1.55 1.59
aunulunisudn -131 40.20 40.20 40.20
dunuluniswin Ir-192 2.60 2.60 5.19
Aunulunsuan Mo-99/Tc-99m 19.74 19.74 39.47
gunuluniswdn Lu-177 7.67 15.34 15.34
dunuluniswin Se-75 1.15 1.15 230
FanAuiAes(euiszanauszsd) 3280 | 3280 | 3280
Usznude 81.34 81.34 81.34
AUNUIIN AUNUIIN 391.17 | 1494.68 | 2821.65 | 4280.60 | 4301.00 | 2546.16 279.25 | 289.31 328.65
2010 2011 2012 2013 2014 2015 2016 2017 2018
YearO Yearl Year2 Year3 Yeard Year5 Year6 Year7 Year8
Net Benefit -391.17 | -1494.68 | -2821.65 | -4280.60 | -4301.00 | -2546.16 | 1603.63 | 2066.15 | 2084.34
AUGUINTIMMTWRINaIN Tl INeNdY n-5




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW

Economic GDP 3% L Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9
(Muae: AUUM)
yarruvedlasansly | yamrsauveslasenisluusasl Based on -
wsiazd Demand Forecast (NPV 10%) -391.17 -1749.97 | -4081.92 -7298.00 | -10235.64 | -11816.61 | -10911.40 -9851.13 | 8878.77
(Budmnnius¥iicy | yar15anveslasinsTuusias Based on -
aNU) Demand Forecast (NPV 8%) -391.17 -1775.14 | -4194.25 -7592.33 | -10753.69 | -12486.57 | -11476.01 | -10270.43 | 9144.32
yam15uvadlasinisluumazl Based on -
Demand Forecast (NPV 12%) -391.17 -1725.71 | -3975.12 -7021.96 -9755.33 | -11200.09 | -10387.64 -9453.01 | 8611.18
Yearl Year2 Year3
Payback
NPV (20) IRR B/C Ratio
period
yan159uvavlasansluudaszt Based on
Demand Forecast (NPV 8%) 149 3,494.01 1.96
yan159uvadlasansluusdaszt Based on
Demand Forecast (NPV 10%) 179 661.33 10.6% 1.86
yan159uvaalasansluudast Based on | w1nnd1 20
Demand Forecast (NPV 12%) Y| - 1,322.79 1.77

AUGUINITIVINTWMNTHIAN TN INE R

n-6




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR
uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% L Year 10 | Year 11 | Year 12 | Year 13 | Year 14 | Year 15 | Year 16 | Year 17 | Year 18
(Mu28: aUUN)
Primary Benefit (revenue)
#2 Based on Demand Forecast
Benefit | funsuwngd 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83
lololns9d 1-131 54750 | 547.50 | 547.50 | 547.50 | 547.50 | 547.50 | 547.50 | 547.50 | 547.50
-lolalnyssd Mo-99/Tc-99m 64.33 64.33 64.33 64.33 64.33 64.33 64.33 64.33 64.33
lololnyssd Lu-177 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
AIUYATINNTITH 113.38 | 133.38 | 173.38 | 173.38 | 173.38 | 173.38 | 193.38 | 193.38 | 193.38
- 5IFeeYal 60.00 80.00 120.00 | 12000 | 120.00 | 120.00 | 140.00 | 140.00 | 140.00
lololnsed ir-192 12.98 12.98 12.98 12.98 12.98 12.98 12.98 12.98 12.98
-lololns9d se-75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75
-msiavarsiearh 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00 34.00
-Fug 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.65
s1¢/l@59u 750.21 | 770.21 | 810.21 | 810.21 | 810.21 | 810.21 | 830.21 | 830.21 | 830.21

AUGUINITIVINTWMNTHIAN TN INE R -7




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% e Year 10 Year 11 | Year 12 | Year 13 | Year 14 | Year 15 | Year 16 | Year 17 | Year 18
(MU28: a1Uum)
Social Benefit | AuLNEAINTIN 1.73 201.67 | 201.67 | 201.67 | 201.67 | 201.67 | 201.67 | 201.67 | 201.67
Aﬁi/%/m’manﬁm - 19323 | 19323 | 19323 | 19323 | 19323 | 19323 | 19323 | 193.23
(YRR ONHAHAR - 4.12 4.12 4.12 4.12 4.12 4.12 4.12 4.12
iyaRIFIRaNARYIE - 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60
w‘v‘i/%/m’mf’aaanw@an 1.73 173 173 1.73 173 1.73 173 173 173
funIsUNNg 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21
- YamMaATYEATYUSNIUALATUNITIY 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,805.21 | 1,405.21 | 1,405.21
AUYATINNTTH 225.00 300.00 | 450.00 | 450.00 | 450.00 | 450.00 | 525.00 | 525.00 | 525.00
- yamuAiuaATYgAvINNARY 225.00 300.00 | 45000 | 450.00 | 450.00 | 450.00 | 52500 | 52500 | 525.00
AUNITIBRATNAIUN 125.84 125.84 | 12584 | 12584 | 12584 | 12584 | 12584 | 12584 | 12584
- msannslea18nInTy (Usye193) 69.48 69.48 69.48 69.48 69.48 69.48 69.48 69.48 69.48
- M3aaNTslTaI8nIAsY (Usyaaln-tan) 47.36 47.36 47.36 47.36 47.36 47.36 47.36 47.36 47.36
- Usylyrdoneaauive i 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
- Uselgminsaanuisesasumiigandu 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
- Usslgyanansunslnl 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
iﬂﬂlﬁi?uﬁWULﬂiﬂgﬁﬂgﬂﬂu 1,757.79 2,032.73 2,182.73 2,182.73 2,182.73 2,182.73 2,257.73 2,257.73 2,257.73
Total Benefit #2 Based on Demand Forecast 2,507.99 | 2,802.93 | 2,992.93 | 299293 | 2,992.93 | 2,992.93 | 3,087.93 | 3,087.93 | 3,087.93
AUGUINTIMMTWRINaIN Tl INeNdY n-8



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

da o o

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Economic GDP 3%

Reactor 10 MW Year Year Year Year Year Year Year Year Year

(wiae: a1uun) 10 11 12 13 14 15 16 17 18

Investment and Operating

Cost

Initial Investment

Nuclear Research Reactor (including Training,

Installation)

Site Preparation

Reactor Building

Fuel

Radioisotope Production Facility

NTD and NAA Facility

Radwaste Treatment Facility

Irradiated Material Examination Facility

Neutron Beam Facility

Beam ports & auxiliary

5 Neutron Instruments (HRPD, FCD, RSI, NRF, TAS)

Thermal Instruments Utilization

inseedlod miunguaIundeUUaL UATIY IAN

gunsaliiuANd S UNguITeuay uInNT s

AUGUINTIMMTWRINaIN Tl INeNdY n-9




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% Year 10 | Year 11 | Year 12 | Year 13 | Year 14 | Year 15 | Year 16 | Year 17 | Year 18
(viqe: auun)
oUnsallluiuamsunguiseuazuianssu
Gross
Operating Expenses Rutfiou 19.76 20.94 22.20 23.53 24.94 26.44 28.02 29.70 31.49
An595nYN 13.40 26.80 26.80 26.80 40.20 40.20 0.00 7.43 7.43
Hnousu 8.50 8.50 8.50 8.50 8.50 8.50 8.50 8.50 8.50
Usgaduinus 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55
iwgaﬂ'qmiammﬁ'u 132.25
Andomdeiiandes 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00
AassyUlnanasinwaulasniy 15.26 15.72 16.19 16.68 17.18 17.69 18.22 18.77 19.33
Anaudsanslolelnuied 1.69 1.74 1.79 1.84 1.90 1.96 2.02 2.08 2.14
gunuluningn 1-131 40.20 40.20 40.20 40.20 40.20 40.20 40.20 40.20 40.20
dunuluniswin Ir-192 5.19 5.19 5.19 5.19 5.19 5.19 5.19 5.19 5.19
aunulun1sudn Mo-99/Tc-99m 39.47 39.47 39.47 39.47 39.47 39.47 39.47 39.47 39.47
gunuluniswdn Lu-177 15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34
AUGUINTIMMTWRINaIN Tl INeNdY n-10




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% L Year 10 | Year 11 | Year 12 | Year 13 | Year 14 | Year 15 | Year 16 | Year 17 | Year 18
(WU28: a1UVIN)
dunulunisuan Se-75 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30 2.30
5’ﬁma"uLuggq(wﬂigmmuﬁgq‘hﬂ) 32.80 32.80 32.80 32.80 32.80 32.80 32.80 32.80 32.80
Jseiune 81.34 81.34 81.34 81.34 81.34 81.34 21.95 21.95 21.95
AUNUIIN AUNUIIN 33380 | 349.89 | 35267 | 35554 | 37191 37498 | 41081 | 289.28 | 29269
2020 2021 2022 2023 2024 2025 2026 2027 2028
Year10 Yearll Yearl2 Yearl3 Yearld Yearl5 Yearl6 Yearl7 Yearl8
Net Benefit 2176.81 | 2174.20 | 2453.04 | 2640.26 | 2637.39 | 2621.03 | 2677.12 | 2798.65 | 2795.24
yaA1sINvaelAsINIslunaazt , ey
v yaA159uvealAsin1sluuiasT Based
on Demand Forecast (NPV 10%) -7955.59 | - 7117.35 | - 6257.57 | - 5416.30 | - 4652.34 | -3962.15 | 2745.33 | 3299.02 | 3801.77
SufUUS AR SIa WY , oy
( W yaA17uvaslasin1slusiasl Based
on Demand Forecast (NPV 8%) - 8055.38 | - 7048.30 | - 5996.24 | - 4947.75 | - 3977.99 | - 3085.63 | 4367.31 | 5123.69 | 5823.20
yaA17uvaslasin1sluusast Based
on Demand Forecast (NPV 12%) - 7826.20 | - 7126.17 | - 6420.98 | - 5743.29 | - 5138.87 | - 4602.55 | 1495.86 | 1903.47 | 2266.96
Yeard Year5 Year6 Year7 Year8 Year9 YearlO | Yearll | Yearl2
AUGUINITIVINTWMNTHIAN TN INE R n-11




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW

Economic GDP 3% L Yearl9 | Year20 | Year2l Year22 | Year23 | Year24 | Year2h
(Muae: a1uun)

Primary Benefit (revenue)

#2 Based on Demand Forecast

Benefit funIsuwng 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83 | 636.83
lololnyssd 1131 54750 | 54750 | 54750 | 54750 | 54750 | 547.50 | 547.50
-lololnussd Mo-99/Tc-99m 64.33 64.33 64.33 64.33 64.33 64.33 64.33
lololnysed Lu-177 25.00 25.00 25.00 25.00 25.00 25.00 25.00
AUIAFINNTTH 19338 | 193.38 | 21338 | 21338 | 213.38 | 21338 | 213.38
- TIFeEY el 14000 | 140.00 | 160.00 | 160.00 | 160.00 | 160.00 | 160.00
lololnysed Ir-192 12.98 12.98 12.98 1298 12.98 12.98 12.98
lololnysia Se-75 375 375 375 375 375 375 375
-mslavarsiesand 34.00 34.00 34.00 34.00 34.00 34.00 34.00
-Fug 2.65 2.65 2.65 2.65 2.65 2.65 2.65
selfsau 830.21 | 830.21 | 850.21 | 850.21 | 850.21 | 850.21 | 850.21

AUGUINITIVINTWMNTHIAN TN INE R n-12




51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR
uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% L Yearl9 Year20 Year21 Year22 Year23 Year24 Year25
(BU98: AUUIN)

Social Benefit AUNYAINTTU 201.67 201.67 201.67 201.67 201.67 201.67 201.67
Lﬁ:i,%,m'wwgﬂ 193.23 193.23 193.23 193.23 193.23 193.23 193.23

Lﬁﬁj&/aﬁ"}d\yaanwm\/ﬁm 4.12 4.12 4.12 4.12 4.12 4.12 4.12

;ﬁﬁj%/m'maamyﬁ@ﬁuj 2.60 2.60 2.60 2.60 2.60 2.60 2.60

iiyardeaniinen 1.73 1.73 1.73 173 173 173 173

funsuwng 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21 | 1,405.21

_ %,m@mmgygﬁwammmﬁzﬁumﬁnm 1,405.21 1,405.21 | 1,405.21 1,40521 | 1,40521 | 140521 | 1,405.21

AUAHIMNTTY 525.00 525.00 600.00 600.00 600.00 600.00 600.00

_ %,m'%ﬁmmﬂwjﬁwmwaay 525.00 525.00 600.00 600.00 600.00 600.00 600.00

AUNITITYLAZNAIUN 125.84 125.84 125.84 125.84 125.84 125.84 125.84

- msanmsleaIenIngg (Usye193) 69.48 69.48 69.48 69.48 69.48 69.48 69.48

- msanmsldarenInsy (Vsyaln-en) 4736 47.36 47.36 4736 47.36 4736 4736

- Uselgwloinraayse il 5.00 5.00 5.00 5.00 5.00 5.00 5.00

- UselgaannRaa eI uIea 1B 2.00 2.00 2.00 2.00 2.00 2.00 2.00

_ Uselgaananicn sl 2.00 2.00 2.00 2.00 2.00 2.00 2.00

31819590 AT IAL 225773 | 225773 | 233273 | 233273 | 233273 | 233273 | 233273

Total Benefit #2 Based on Demand Forecast 3,087.93 | 3,087.93 | 3,182.93 | 3,182.93 | 3,182.93 | 3,182.93 | 3,182.93

AUGUINTIMMTWRINaIN Tl INeNdY n-13



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

da o o

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% L Yearl9 | Year20 | Year2l | Year22 | Year23 | Year24 | Year25
(Mu2e: aUUIN)

Investment and Operating Cost

Initial Investment Nuclear Research Reactor (including Training, Installation)

Site Preparation

Reactor Building

Fuel

Radioisotope Production Facility

NTD and NAA Facility

Radwaste Treatment Facility

Irradiated Material Examination Facility

Neutron Beam Facility

Beam ports & auxiliary

5 Neutron Instruments (HRPD, FCD, RSI, NRF, TAS)

Thermal Instruments Utilization

D)

in5eedloa miunguaIuR Y SIaO Yl

in3eullod MIUNGIaIUNATOULAY IIATIXYIaY

AUGUINITIVINTWMNTHIAN TN INE R n-14



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR
uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% L Yearl9 | Year20 | Year2l | Year22 | Year23 | Year24 | Year25
(¥u28: a1uuIN)
gUnsalliluduamsunguiseuazuianssu
Gross
Operating Expenses RuLhou 33.38 35.38 37.50 39.75 42.14 44.66 47.34
ANgIsw 13.40 26.80 26.80 26.80 40.20 40.20 40.20
Hnausy 8.50 8.50 8.50 8.50 8.50 8.50 8.50
Usznduiug 1.55 1.55 1.55 1.55 1.55 1.55 1.55
squgammsammﬂ'
Antamasiainges 66.00 67.00 68.00 69.00 70.00 71.00 | 7200
ArassaUlnAuazineIAuUaandy 19.91 20.51 21.13 21.76 22.41 23.08 23.78
Avudsaslalelnyuied 2.20 227 234 241 248 2.55 263
unulunisudn 1-131 40.20 40.20 40.20 40.20 40.20 40.20 40.20
unulunisudn Ir-192 5.19 5.19 5.19 5.19 5.19 5.19 5.19
gunulunisndn Mo-99/Tc-99m 39.47 39.47 39.47 39.47 39.47 39.47 39.47
dunuluniswin Lu-177 15.34 15.34 15.34 15.34 15.34 15.34 15.34
dunulunsudn Se-75 230 2.30 2.30 230 230 230 2.30
FanAuiAes(suiszanmuszsd) 32.80 32.80 32.80 32.80 32.80 32.80 32.80
Usziune 81.34 81.34 81.34 81.34 81.34 81.34 81.34

AUGUINTIMMTWRINaIN Tl INeNdY n-15



51891UAMNNNTIRATUN 1 N1TANYILALNUNIUNANITIATIEINITTATIMNUG TR

uazfnwraandululd (Feasibility) wieuusuusstoyaiieafudnuaiznianaiia (Technical

Specification) vauAsasUfnsaliaadssidemvinmanzanivantunisaivasUszmalnedagtu

Reactor 10 MW
Economic GDP 3% . 5 Yearl9 Year20 Year21 Year22 Year23 Year24 Year25
(WU28: A1UUIN)
AU funusau 361.58 37865 | 38246 | 38641 | 40392 |  408.19 412.64
2029 2030 2031 2032 2033 2034 2035
Yearl9 Year20 Year21 Year22 Year23 Year24 Year25
Net Benefit 2,7126.35 2,709.28 2,800.48 | 2,796.52 2,779.02 2,774.74 2,770.29
UAA15IUVR91lATINS waA15uvadlasinisluunast Based on Demand
Y v -1,311.11 -908.39 - 529.96 -186.42 123.94 405.65 661.33
Tuuwdazl Forecast (NPV 10%)
(FUAWINAIUATTLTY yadr5auvaslpsenisluusiasl Based on Demand | ., ., 110789 | 166422 | 217862 | 265195 | 3.089.50 | 3.494.01
AaINU) Forecast (NPV 8%)
yaA159uvedlasin1sluuaaszl Based on Demand
-2,644.80 | -2,363.94 |-2,104.73 |-1,873.61 |- 1,668.56 |-1,485.75 | - 1,322.79
Forecast (NPV 12%)
Yearld Yearl5 Yearl6 Yearl7 Yearl8 Yearl9 Year20

AUGUINTIMMTWRINaIN Tl INeNdY n-16




FeuatuaNysal N1SANYILASNUNIUNANITIATIEHNTIANIUALSIAD

wazAnwAdulUld (Feasibility) nieuusuugadayaieaiudnvazmemaiia (Technical

Specification) vadAsasUfnsaiiundesidea aiuansauiuaaiunsalvasUssndlnetagiu

ANARNUIN U

v

Foyadiniun1snanlalylnusadnuununisnEn

lolalnused Mass of target wanddamseu | Irradiation time | Specific activity
(n/cm’.n)
Lolofu-131 (-131) 20 g.in one can- 1x 10" 3 dUnm 250-300 mCi/g
Wet distillation method cold weld sealed
Lolofu-131 (-131) 80g(TeO,) per 1.1x 10" 6 Yu 20 Ci/mg
Dry distillation method capsule
Ha1583-153 (Sm-153) 1 mg of 2 %1071 x 120 T 400-450 mCi/mg
samarium oxide 1014 oxide
per capsule
giiten-177 (Lu-177) 10 ¢ (Lu,0,) per 1x 10" 15u ~2 T Bgg-1Lu
capsule
Toauflon-166 (Ho-166) 200 mg per 4.2 x 10" 60 a4 75 mCi/mg
capsule
TWAUAT-99 (Mo-99) 4.2 gof U 1.5 x 10" 50- 200 ¥9ls | 200-500 Ci per
enriched 45% plate
per plate
831Ae-192 (-192) 10 mg 1-1.5x 10° 1 dUanih >185 GBa/g
Fadlewy -75 (Se-75)
Tusilu Br-82 93 mg ~5x% 10" 30 4lus ~6 GBg/g
KBr/capsule bromine
element at
calibration
Weane¥a-32 (P-32) 250 g 1x10" 8 dUav ~100GBq (2.5 to
3 Ci) of 32P with
sp.
activity in the HE
range of 185 TBq
(5000
Ci)/m.mole.

i IAEA-TECDOC-1340,Manual for reactor produced radioisotopes. Vienna: International Atomic Energy Agency, 2013.
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uazAnwaandululd (Feasibility) wiauusuusstayaieafuanuaiznianaiia (Technical
Specification) vauazasUfjnsalinadesidefiivinmunzauivaatunisalvasUszanalnedagiu

ANANUIN A

Expected construction cost for 10-20 MW Multipurpose Research Reactor

JayausrutunIneaitavenIeslnsalinefesideiuvaiunusrasnvunn 10-20 MW
%aié’%’umiaumswﬁ%agamﬂ Dr. Cheol PARK, Research Reactor Technology Development

Department, KAERI

Cost Breakdown

Cost gnalnauim
Category Y

(Million US$) (@1uun)*
General Site Preparation 224 761.60
Reactor Reactor Building 308.6 10,492.40
Facility Fuel 12.2 414.80
Utilization Radioisotope Production Facility 59.8 2,033.20
Facility NTD and NAA Facility 6.5 221.00
Radwaste Treatment Facility 21.8 741.20
Irradiated Material Examination Facility 46.3 1,574.20
SUBTOTAL 477.6 16,238.40
Neutron Beam Facility 69.5 2,363.00
SUBTOTAL 69.5 2,363.00
TOTAL 547.1 18,601.40

* nsuaniUieu 34 vmdenilavsegyansy
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F18URTUAIYTA] MIANYILATNUNIUNANITIATIZINITIAUALTIAD

uazAnwaandululd (Feasibility) wiauusuusstayaieafuanuaiznianaiia (Technical
Specification) vauazasUfjnsalinadesidefiivinmunzauivaatunisalvasUszanalnedagiu

Yearly Costs (unit: Million USS)

Total Total*
Y-1 Y-2 Y-3 Y-4 Y-5 Y-6
(Million US$) | (Million TH)

Site Preparation 10.2 6.1 6.1 - - - 22.4 61.60
Reactor Building 6.1 55.1 83.7 72.4 63.3 28.0 308.6 10,492.40
Fuel 0.6 1.4 1.0 2.0 4.1 3.1 12.2 414.80
Radioisotope

1.2 6.4 14.4 15.3 15.3 7.2 59.8 2,033.20
Production Facility
NTD and NAA Facility - 0.4 1.4 1.2 1.4 2.1 6.5 221.00
Radwaste Treatment

- 0.4 35 6.7 6.1 5.1 21.8 741.20

Facility
Irradiated Material

1.2 1.2 9.2 13.3 14.3 7.1 46.3 1,574.20
Examination Facility
Sub-Total 19.3 71.0 119.3 110.9 104.5 52.6 477.6 16,238.40
Neutron Beam Facility 1.50 4.0 6.50 8.0 5.0 25.0 850.00
Beam ports & auxiliary - 1.0 25 4.0 6.0 5.0 18.0 629.00
5 Neutron
Instruments (HRPD, - - 1.0 2.5 4.5 6.0 14.0 476.00
FCD, RSI, NRF, TAS)
Thermal Instruments

- 1.0 1.0 2.0 3.5 4.5 12.0 408.00

Utilization
Sub-Total - 2.0 4.5 8.5 14.0 15.5 69.50 2,363.00
Total 19.3 74.5 127.8 1259 | 126.5 73.1 547.10 18,601.40

* dnsuaniUieu 34 U maentaurIeansy
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uazAnwraandululd (Feasibility) wianusuustoyafeafuanuaiznianaiia (Technical

Specification) vauAsasUfnsaliiaadesidemvinmanzanivantunisalvasUsznalnedagtu

AMARNUIN

A15ANUINNITAULUR VB BLINA S

lunisfiansannisidvualuveatamdaiu luseazdendnfesiinuvaen1sdndSuaussouy
Youramaily JULuuNMsinnITNadendnasnaudnvaznisldinuvenniosnsal egalsinig
meldauufgiuinnisinnademdstunuuaiuaus (uniform) angldReulunisndandsnuuay

v fa Mo ° | v & a Py
YUIANSNGUINTOUAIN L UASULUAIRNUIAAEALAUND19US NS Ivua LU udowndsle Ao

1. AmualieIssufnsalasnsondandanuauiou10 Mwasidoadua 1 Ju (24 wa.) 9y

[ %
Y U a

Jundsauanudoudindalaviadu 1 MW-day 158 1 x 10° x 24 x 3600 = 8.64 x 10° J
2. (ilesnuilsialaad 22U finnisuanda (fission) AxUanUdesndanuussana 200 MeV
Fawiiu 200 x 10° x 1.6 x 10 = 3.2 x 107! J w&amAudou 1 MW-day 91nda 1 azlé

INNSAANITLANSIVDS 2°U 573 8.64 x 10'° /3.2 x 10 = 2.7 x 10°' 7lman

3. ag19lsnnm #°U (oy 101 barns, G; 577 barns) ﬁ@mﬂﬁuﬁamau zilon1awnnea 577
/(577+101) = 0.85 fstiuasdinsgaudodonaanss 2.7 x 102/ 0.85 = 3.2 x 107 Tlaad
dmsundarnuanudeuiindsld 1 Mw-day

8. \flon U 1n3u Ussneuseialaasean 1 x 6.02 x 102 / 235 = 2.56 x 107 3lnasas
ussengldiiinagadedomas 3.2 x 107/ 2.56 x 107! = 1.25 ¢ #io N1HAANENIUAIIA

Sou 1 MW-day

defiansanvuianiesl fnsaifidnni é’ﬂwmzmimiaﬁmwﬁﬂ lassasnevesnuuinsal
sufadnvuenisudndinsouiiensldudaifefedfrunadeauaiianelulasaiunios
Ufnsel anuaiaevesidndiinseu mufensldnuiinseustreiivszansaw wanidvilinng
Trudemadivssansnmmninmsusaduinedu definnsaniisufuuseianmsldvuvensdes
ﬂg’jﬂiaﬁ%’aﬁaﬂaﬁ;ﬁuﬁqﬂﬁmﬁuﬁmwmsquLﬁsJL%aLwéaﬁszm’N 2-3 WiwesAfiduinld (2.8-3.0

g/MW-day)

L James J. Duderstadt and Louis J. Hamilton, Nuclear Reactor Analysis, John Wiley & Sons, New York, 1976

- George I. Bell and Samuel Gladstone, Nuclear Reactor Theory, Robert E. Krieger,Florida, 1970
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