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8. ﬂ’l‘a‘muqums'}'uﬁ'nﬁ'ﬂ Lmzmeﬂmﬁ’udquqﬂﬂa {Exposure Controls/Personal Protection)

A1BIN9 N L EAYLIANNITFLANAE:

IDLH: 10 mg/m’ (NIOSH)
PEL-TWA: 2 mg/m’ (OSHA)

REL-Ceiling: 2 mg/m’ (NIOSH)
TLV-Ceiling: 2 mg/m’ (ACGIH)
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9. FNUAVINILNAINUARSNILAN (Physical and Chemical Properties)
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[ [ s A cl' e 1= 4
3. MAAINRIRINAUTLASY : Tideys
4. AANHITUNTARANG 14 ( 5% Solution) QUMY 20 °C
o & &
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6. anARAENAULATENTIBINISIRBA ¢ 1422 °C 71 1013 kPa
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1. anweaula: 02 kPafignund 20 °C

12. Anuuunuiula @me=1: 12

13. ArumuwiuANANS (f=1): 1529 giml Tanmnfi 15°C

14. pnngnansolumsazangld s luri: avaneiin1sa

15. AndnalsrRnEnearangradnsluduand n-octanol A1 (Log k,,): laififiaya
16. anmpiingnialwlaies : ldanansalf s

17. auunRaaamsaanasa : lilidiaya

18. AHNMA: 78.3 cP 1 20°C

10. ANIEDETUAZNSNAU)NFEN (Stability and Reactivity)
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= 9 o aaa ar " . . @ 2 oo e o
INAAINTAY wfiEaiulang (19U Aluminum, Lead, Tin, Zine ) finWifiafinglalnsiaun
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1. matlsfmaReadaasuanuafuAn/gindming (dentification of the substance and of the supplier)

ar 1 l‘-'r' = ar g
FIALNTHNARNEUT

d‘ = O - -
TananAus : nealalasaasin 35%

N9LlsABntARaT (CAS: 7647-01-0  EC/EINECS : 231-595-7  RTECS No.: MW4025000

UN No.: 1789 EC Annex 1 Index No. : 017-002-00-2

dauuzitlunisilildlszlaminaztasnnuaanis 14 :

dwfumsqulang Sr9prunzni gravnsnngaus nszuaunaslalaslefalhydrolysis)
anavnasnatwnns geawnssuiilasiail Wil catalyst Wiluansassunadivlaaanlas (Chiorine

Dioxide)

94 5 dy 9
VNNANTAAINNTY ANTAU LAILAR

=k ooy
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o el =l =l s 0 e
UTEHN 171&[@"]‘]]"]&?13-14’1%‘?] FINA
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1a2 25 81ANINPamwLlsALTE U 24 nun @ T WA YRS LR AN NFANWY 10120

adW 0-2679-1600 9413 0-2677-3177

SD-EHS-11 Rev.00
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17 4 198 A-12 nuulnsoiauaseineg TAneAAIUNIINMNSITAZIUEEN (NTLAWA) AR

HUEMA ENe Werreed SR sTaed 21150
Tnadn 0-3868-3572-5, 0-3868-5495-501 @37 0-3868-3576
wingalnsdwnanidiu:  Traeunsrilszuns +66-2463-6345-8 A 400 (24 Fata)

199NUTZEIRY +66-38-683-572-5 A 191 (24 Faluq)

2. nﬁsﬂﬁuﬂfmwﬁué’ummﬂ {Hazards Identification)

o d
mMasuunlszinnansifgauTassNaNmINszUL GHS:

WuRs@suwadi @Wan) Ussinnean 4
nsANIaUIAZTZANLIARIFa R Ussinntiag |
NFNNANEAGBN AL THILNUAENTILANUILABISIO AN UseLnmtiat 1
nsinliilasianisnssbiuainisudisiaiamia Uszinnday 1

AT LR AT LUadEN s NI B EIRNIZAN AN ST LA NN RATLALN

(ezuudszdam szuuniapAuigla) Uszinvieag 1



Printed by : Pannawat Chatdamrongsak on 21/11/2016 10:58

UNCONTROL COPY

AGC 1580 lnsamSaiinms 310a

o = o
WANANTE: ﬂ-jm'l,afm-ﬂamn 35% Us=tnn: 1INATRULALY

ENANTUNELAT: 5D-5M-006 sudesuld: | 21/11/2559 | gagunasuily | 02 | windl | 3/ 14

4
AU AR ZULAT M BN L AT AN ZIANZaR NN ST U NN R

(AU adenefUNAY FEUUNILANRIY1R) Uszinngiag 1

asalsznauraRan:

AAEY T AURSE
2 [~ s
ADAMHNLARIAMNL L WBURAG
fURTIEIABTZULUNALMAE A
AURTIEADHUIIBENFULIUALIIAIAIIGN
s oy el &
MIMTILADRIHTIA 140
M lRanTuAR R
W 3 -
1R A HULAPITAAITTEI
A lRFUALME TN LiaunIs 19U
= d‘ s =5 [
vaniaean1rdndavisevinglaiugnsg

ar = = o =f 1 L P Y ot
aongafaaiuamAll nelefiuanAll wiuaseuan  saaWinilsie
1Tl arstiszuuszunaannIANG
finudasaarsesndfauanionive wiasi

k2 p 74 o (L2 =4 ir 3 nr 2 s
mu'lmmmnaﬂu"[mfmumﬂL‘Jn'l,fw'amﬁmqmumwﬂafamnﬂ



Printed by : Pannawat Chatdamrongsak on 21/11/2016 10:58

UNCONTROL COPY

AGC 1540 IngarwBrafinmst 9106

landnsie: narlalasradsn 35% Ussiny: | Lenantaiusuu

r -t e 1 & s 2 § 73 4
IANANTUHNELAT: SD-SM-006 uiTeAus: | 21/11/2559 | gadumsudila | 02 | wiam | 4/ 14

(1 wr = P 1 cd [ 1=
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3. aaﬁﬂiznauuazﬁ'@ga NEINUAIUNEN (Composition/Information on Ingredients)

@NANBNIRIRTLAN :
gAsluanNa : HCI
N9AlUIANA : 36,46 g/mol

FaWad : Muriatic Acid, Spirit(s) of Salt, Chlorone

Audatunassnsdgausialviatias : 1l

: Hydrochlorc Acid

j Wter o

4. N1 FI‘iﬂ"l‘a“l.lENWEl"l'iJ']ﬂ (First Aid Measures}

o
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ol A : :
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wela  Hndaunnemiug

Ot A |7 73 oy =l L 7EEN 7] 2;0” " 1 17} =

NSANAANNANAT :© AdeinBuioiun  Iegdaumnliindy  Bninluaduasinetias 15 wian
Dy os 1 uy A 1 L3

912 MA19AZANETNNAD (neutral saline solution) $239nei WA AT IadN AT lEdu R
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5. NNATNITHATULWAL (Fire Fighting Measures)
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7. mMsauieaRaudne 149U Wazn1sAnLAY (Handling and Storage)
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8. ﬂ'l‘i‘ﬂ'J‘lJF’].Nﬂ']‘i‘}JUﬁ' NAAURLN1TL RN uzhuul AARA (Exposure Controls/Personal Protection)

AANa 9 TTlEAMLANNMS T UANER:
IDLH : 50 ppm (NIOSH 2012)

REL-Ceiling : 5 ppm; 7 mg/m3 {NIOSH 2012)
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PEL-Ceiling: 5 ppm; 7 mg/m3 (OSHA 2012)
TLV-Ceiling: 2 ppm (ACGIH 2012)
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4. maanilunsanne: 0.0l
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7. anauln : lLaifialy

8. AATINNSTELUE : <]

9. annanursatunisanAnlwles : likial
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(%, vIv) :
Ans1e: - Geuu:-
11 Aradule : 84 mmHg; 133 kPa figomnii 20 °C
12. pnuuuuiula @A =1): 1.27
3. aamnuiudning ah=1: 118 flguugi 30°C
14, Ausansalumsazanals : avaneluin s
15. MdnilszAnanisaransunsansludued n-octanol Aot (LogK,,) : leififiaya
16. auuupiingnaniWlias:  lddniv
17. goungiaasmssanasa :  Wiidaya

18.amtn @ 1.9 cP Agougdl 20°C
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12.‘17@:&615’1‘1&‘?41,'3 Aane (Ecological Information)
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AL UNEABsEULTILAT :
AU ssioilan : Mosquito fish LC,,: 282 HaAniu/ansg6 ol
AN UAEAR Crustacea : Daphnia magna EC,, : 48-hour EC,, = 0.492 mg/L of Crustacea
{Daphnia magna);
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14. ADYANLINUNIGUUAL (Transport Information)
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Sanadulylg Caustics. dndulailgriunsaunaziuaud, dnidliléiuaseandlad.

8. ANsAmIUANAISSUMARRdNKNE /Asdasdiuduanunna
nunUHUR ALIAUNSENTA

Foiad OSHA PEL ACGIH TLV NIOSH IDLH sulaiiide sulailido Stels
nsadansn TWA: 1 mg/m? TWA: 0.2 mg/m? IDLH: 15 mg/m? NDF NDF
0.1-1%) (vacated) TWA: 1 mg/m? TWA: 1 mg/m?
CAS#: 7664-93-9
Wesilaalas TWA: 0.75 ppm Ceiling: 0.3 ppm IDLH: 20 ppm NDF STEL: 0.3 ppm
(<0.1%) (vacated) TWA: 3 ppm Ceiling: 0.1 ppm 15 min STEL: 0.3 mg/m?
CAS#: 50-00-0 (vacated) STEL: 10 ppm TWA: 0.016 ppm
(vacated) Ceiling: 5 ppm
STEL: 2 ppm
men TWA: 200 ppm STEL: 250 ppm IDLH: 6000 ppm TWA: 200 ppm STEL: 250 ppm
(<0.1%) TWA: 260 mg/m? TWA: 200 ppm TWA: 200 ppm
CAS#: 67-56-1 (vacated) TWA: 200 ppm S* TWA: 260 mg/m?
(vacated) TWA: 260 mg/m? STEL: 250 ppm
(vacated) STEL: 250 ppm STEL: 325 mg/m?
(vacated) STEL: 325 mg/m?
(vacated) SKN*
doad Sulde e Sandy dasoa wonanTg
nandarn TWA: 1 mg/m? NDF MAC: 1 mg/m? TWA: 0.3 mg/m? NDF
(0.1-1%) Skin
CAS#: 7664-93-9
Wesiladlas TWA: 1.0 ppm Ceiling: 5 ppm MAC: 0.5 mg/m? TWA: 0.2 ppm TWA: 2 ppm
(<0.1%) TWA: 1.5 mg/m? STEL: 10 ppm Skin Ceiling: 0.3 ppm TWA: 2.5 mg/m?
CAS#: 50-00-0 STEL: 2 ppm TWA: 3 ppm STEL: 2 ppm
STEL: 3 mg/m? STEL: 2.5 mg/m3
C
WmueA TWA: 200 ppm NDF TWA: 5 mg/m? TWA: 200 ppm NDF
(<0.1%) TWA: 260 mg/m? STEL: 15 mg/m? STEL: 250 ppm
CAS#: 67-56-1 STEL: 250 ppm Skin
STEL: 310 mg/m?
Skin
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NMIAAULIANYNITAZATEUN mgazaneluih M) RaTaIE
azanglel > 1000 mg/L 25°C | 77°F
amwazansla lusvinazanuSug
dound n1sdauNaIsvign1sazane ANuAsa UMz fomYinTaTaTY
nsn avaneld >1000 mg/L 25°C | TT°F
Fonadue
Annsoulane Tidnduansinnseulavznunonst GHS
InTINSANNIDUNAN 0.87 mmiyr [ 0.03 infyr

aafilanNIsAnNSaUSRNS

ansdunadszny (VOC) wiomn

AMHUUINUUSIN

AauaNda lunssubn

Foxanssuia

dadinaeanvainissuin

AANARNAWNANSTIUTA

=)

AnaENTinshln

AdaindAngeanuasnndlln:

1.02 mmfyr [ 0.04 iniyr

pdunandayafuana.
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1A nLlazinnanuinuiaesszuy GHS.

20

mMsRaUAzun Taidadniudaealjizen pyrophoric, fiesewidanldsinalatidudassimainnst GHS,
10. exuafgsiazasiAnU AS U0

mMsRaUAzun Tisnddusaedfisan pyrophoric, siesfewiewdiinladndaruhmainast GHS.

ANMNAIAD pasiameldan1azng,

SUMATVNLABVIINANA UN

ANEIMSNANIALN

Sanviairdaululs

AsSuns i ldannnsaanusn

Tadfisnerau,

as o ) = &
AUNYUNGINAR. nsdudaiuanAvzemN AW,

Caustics. dindulsildrunsanaziuaunn, dniulildiuanseendlad.

nnsdanasafeANFausunsain Winanslaeafinauaslasymensyanepasuaziduiiy,

anandulyldussnsidaufasonitsun biamelnszuunning,

Ny

anauiia Tunssaia

Fallfanlszinmanuinnaiaasszuy GHS.

dadfnaeanuainissuin

AANARNAWNANSTUTA

=)

anunniiandinln ldog

liftdayn

Lifidayn
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Thsionsanuusa lwihanng

Tadfisneenu,

lrsionmsnaviu

Tadfisneenu,
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11. doyas Ul I

doyaiisnduduvnimsiududand lomaandu

TonaNANAnLA Tiqvaiansausiannamn,

n'ﬁz;mmu/wm‘[a winlu Foyaniegliuansindinansznlag,

nMsdNiiagnman ansauntmiazenainliifinnnudemeiiauss saviseInisanuen. Sqrisriansausiandsan,
AsdNeiaRL Feyaniegliuansindinansznlag,

nsnsuAgn U Feyaniegluansindinansznlag,

MsUhuvisBudn AaRnUnALe IR,

WANAUAATHANEN wiins e,

RAUFANANSVDNASAY WAUDATN uarANsnszANLlus Ny

pdunandayaf AN,

CASH#: 7664-93-9

doiad ARUAANSVDIFISAY INMUDATH uarnTsNsRNUTUsNANY
neadann n”mﬂi'@um@aﬂimﬁﬂ"@vﬁﬂﬁwlﬁﬁuﬁwmﬁ%ﬂixhiuﬁmﬂuu@ﬂi:vmm"ammwmzymmi
(0.1-1%) nsianseuresiuduiudaivagudnlunisdeiindsunduielidnduimdaunsu,

Wasan las padsrumadunaaiunglauazniaiuemns ladassagadneendiauguuuiasaniueulneanlad Asadinvesefinadladiduna 1
(<0.1%) niilunanasin.
CAS#: 50-00-0
. — = - ~ == =
wmuea nsuaye TR ueaT gvikeuazTuniafefulaglidildadunsunistog
(<0.1%) wmueaazgnulaadudesinailaddasgnudandugluuudfieenfiautrsan fueulaeenladuisen.
CAS#: 67-56-1

AuARgundudoyan U

wduvnadi lesuans

Tifidaya
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@uvnai ldsuansynainmia Liidaya
Asanau (Hu / vuon) duvinei ldsuans Liidaya
asanau (lo) Wduveiildsuans Lsiitdoya
Asanau (uda) iWduvnei ldsuans Taifideya
AuWANIRYUNAUd AR NNITUNY
Wuvnainldsuans
doad BAAVDIANY | BIFIBNU | AN L5y WANSTNUVMNAEINGN UNANNSNDIENR a6
3 uazlmaNtayA
Wafidanlas iy 100 mglkg Taifisneanu Taifisneanu RTECS (nmsamziilounannsiuiisaesansiail)
(<0.1%) LDso
CAS#: 50-00-0
wmes hasngwe! 300 mglkg Taifisneanu Taifisneanu IUCLID (The International Uniform
(<0.1%) LDso gudoyaansiail)
CAS#: 67-56-1
doadd YAAVDIANY | BIFIBNU | AN L5y WANSTNUVIMNAEINGN UNANNINDINENR ¢
a uazlmaNtaya
nsadanin Wy 2140 mglkg Taifisneanu Taiisneanu [UCLID (The International Uniform
(0.1-1%) LDso gudoyaansiail)
CAS#: 7664-93-9
wmes iy 5628 mglkg Taifisneanu Taifisneanu RTECS (nsamziilounannsiuisaesansiail)
(<0.1%) LDso
CAS#: 67-56-1
doadd BAAVDIANY | YIFIBNU | AN L5y WANSTNUVIMNAEINGN UNANNSNDINENR ¢
3 uazlmaNtaya
ylafiianlas hasngwel 70 mglkg Taigisennu SLUUNNNLEILLDNNANS RTECS (nsamziilaunannsiduiisansansiail)
(<0.1%) LDu 16, violemdonsawrsdaane
CAS#: 50-00-0 Sy

QRERIENBIEXGIEY
unalunszimizamng

QRERIRTIRI X G
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muea sl 143 mglkg Taiflsneranu Uom, nson, wazszuungla  [RTECS (msamafaunaruiiufizaeaisiadl)
(<0.1%) LD anselagnunn
CASH: 67-56-1
dorai Hilgwowny | s | nanildsu WANSYNUVIMNNEINEN UNANMNS DA fU¢)
o) uazunaNtiaya
Wasidanlad sl 643 mglkg Taiflsnerann STUUVNNLHUDNANS RTECS (msasmzileunannaiiufivaesaisiad)
(<0.1%) Do Uom, Ns1on, UAzsUUWYLR
CAS#: 50-00-0 pauldandn
nsgafunaAuEla
uralunszinnzamng
muea 18l 3571 mglkg Taiflsneranu Jom, nson, wazszuungla  [RTECS (msamafiaunaruiiufinaeaisiadl)
(<0.1%) LD anselagunn
CASH: 67-56-1
@uvnait Idsuansmeinmia
dorai wilgwawny | vrsoeu | nanildsu WANSYNUVIMNNEINEN UNANMNS DA fY¢)
o) uasnaNtiaya
yla$ian las nszane 270 mglkg Taiglsnennn Taiflsennu Gestis
(<0.1%) LDso (srundeymiflaaiuansiiusussaassnislss]
CAS#: 50-00-0 witgRmadannnieesiv)
WTNUeA hasingerel 1000 mglkg Taiflsnennn Taiflsnennu IUCLID (The International Uniform
(<0.1%) LDso gudasyansiad)
CASH: 67-56-1
dorai wilgwowny | vrsoeu | nanildsu WANSYNUVIMNNEINEN UNANMNS DA fY4)
o) uasnaNtiaya
WMNueA nszane 15800 mglkg Taiflsnennn Taiflsnennu IUCLID (The International Uniform
(<0.1%) LDso gudasyaasiad)
CASH: 67-56-1
Asgaau (Hu / vuon) duvnaiildsuans Liilfaya
msgaau (lo) @uvnaiildsuans
Foiad BAAVINANY | IFIBNU | LA LRSY WANSYNUVINNNEINEN UNANMNS DA fY¢)
o) uasinaNtaya
ylaflan las ny 250 mg/L 4 g Taiflsennu RTECS (msamzileunannuiiufivaesaisiad)
(<0.1%) LCs0

CAS#: 50-00-0
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WnueA sl 10 mg/L 4t Taiflsennu IUCLID (The International Uniform
(<0.1%) LCs0 gdesaansiad)
CAS#: 67-56-1
doai Hilgwowny | ssoeu | nanildsu WANSYNUVIMNINEINEN UNANMNS DA fU¢)
o) uazunaNtiaya
nsmfarn ity 0.510 mg/L Tiforeenn Taifsreenu LOLI
(0.1-1%) LCso
CASH: 7664-93-9
WTUEA iy 64000 mg/L 6l Taifsreenu RTECS (nsamzilounanansuduiiantansinil)
(<0.1%) LCs0
CAS#: 67-56-1
Boand wiiawowny | w1 | naiilgsu WANSYNUVIMNAINEN UNANMNS DA fU4)
o) uazunaNtiaya
nandasn sl 0.144 mg/L 5 11 Uom, is9on, uassruuvingla  |RTECS (meamzidaunaruiiufivasaisiad)
(0.1-1%) TDwo anselagnunn
CASH: 7664-93-9
Wnuen Dhusnwe 300 mglL Taifiseenu Uan, nson, uarsruuvingla  |RTECS (meamzidaunapuiiufivasaisiad)
(<0.1%) TCuo nslatulagin
CAS#: 67-56-1
Asanau (e 1duvnei ldsuans Tififoya
MSANNSOURNAUAN / szAuLfog
T4 aya
AunaNinnsau / szautioya
darai A5AsInEoU alda HabaliNg (1} nanii lsisu WAANS UNANMNSWDIAAE £U4)
uaznaNtiaya
nsndarsn fiftegjlszaunoniasyed | dhaned Taifisnaanu Taiflaneanu Tidlorisonsausiefiauils HSDB
(0.1-1%) (ansfiTusumsmedayasnan)
CAS#: 7664-93-9
e filanlas naaey Draize snnsgnu hasye] 0.150 mg 72 datus Tidlerisonsausiefianils RTECS
(<0.1%) (Msamzifieunapanuiuizees
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atiu 4 v 14/29
CAS#: 50-00-0 9iadl)
RQILH naaey Draize snnsgnu Nz 20 mg 2 ot AansszAeIAeain RTECS
(<0.1%) (Msamziiounannuiuivaea
CASH#. 67-56-1 i)
Jdoadl 35Msnngaay AlB& gL ptiNgift naniilsisu WAANS UNANNSWNNTEF fUe
uaznaNtiaya
e filanlas naaey Draize snnsgnu Nz 2mg 2 ot fidlerismnsausiefianils RTECS
(<0.1%) (Msamzifieunapanauiuizees
CAS#: 50-00-0 5iadl)
Auduinanudurinuiousien / andiayanisszauifiog
Lifdeya.
ANHIFUVNUAWNANSN / ondivyani15semULADN
darad A5nsnEoU A& HaLaliN g (1} naniilsisu WAANS UNANMNSWDIAE £Ue)
uaznaNtiaya
nsndarsn fiftegjlszaunoniasyed | e Taifisneeny Taidsneenn fiqvanseudeniemm HSDB
(0.1-1%) (ansfiTusumsmadayasnang)
CAS#: 7664-93-9
o flan las nagaudng hasye] 1ppm 6 it fiqvanseudeniemm RTECS
(<0.1%) (Msamzifieunapauiuizees
CAS#: 50-00-0 5iadl)
RQIGH naaey Draize snnsgnu Nz 40mg Taidsneenn fAansszAeiAedmn RTECS
(<0.1%) (Msamzfieunapaaiuizees
CASH: 67-56-1 5iadl)
darai A5AsnEoU alda HabaliNg (1} naniilsisu WAANS UNANMNSWDIAE £UY)
uazaNtaya
e filanlas naaey Draize snnsgnu naziy 0.750 mg 2 ot fiqvianseudeniemm RTECS
(<0.1%) (Msamzfieunapanuiuizees
CAS#: 50-00-0 aiadl)
oyanmsUn

LY2NAAUA WA
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Auwditduvnaitlgsuans Tififoya
wAivemsnoladuneiildsuans lyisidesa
AunaNToNAUR
Rauwitduvnaii ldsuans
Jdoadd 35Msnngaay alda WAANS UNANNSDINER ) Laziaadiona
o san las NSNARBLILANT hasiye Psunstududnaniiuiomlafinennsud ERMA ({8 wnavivsannuidasiihfuaud@sumndan)
(<0.19%)
CAS#: 50-00-0

wAivemsuneladunneii ldsuans

dayan1aisInendmiudananldliuanslifut s imdusun e,

ol

Jdoadd 3EMsnngaay alB& WAANS UNANNSDINENR ) Laziasdiona
e filanlas IgE YWAREY Funstiuduinaduenmmasume’la CICAD (ienansmstsziiuansiadinszdumunani)
(<0.1%) finageunisaetaussansgil
CAS#: 50-00-0 Huriu

doyamnuduRzasy

Ausnvindzunatdioyamnudui

wduvinedi lesuans

1duvnadi lg Suansyeiinmis

Asanau (Wu / vuon) Wduvnaii ldsuans

asanau (o) 1@uviildsvans

Asanau (uda) i@duvneiildsuans

Aunanvindranaidoyamnuidunig

wduvnadi lgsuans

Lifdeya.

Liideya.

Tifdeya.

lifidaya.

Tifdeya.
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1duvnaedi ld Suansyeinmis Tififoya
Asanau (Hu / vuen) duvinei ldsuans lsididogya
asanau (lo) Wduveiildsuans
Lip]ot BAAVDNANY [ s8N | A l6sy WANSNUVIMNAEINEN UNANMNS DA fU¢)
a uazaANtioya
nandansn sl .003 mg/L 168 4u ndanilouaznsygn RTECS (nnsamzilounanansduiiantansiail)
0.1-1%) TCuo maulaeuuladlulassairafuuaznisariiegu
CAS#: 7664-93-9
Wasidanlas sl 0.017 mg/L 054 e RTECS (nnsamzilounanansuduiisantansiail)
(<0.1%) TCuo don, nsnen, uassruungla
CASH: 50-00-0 thonlva
mimﬁwuﬂmﬁuﬂ
Lip]lot wiiawowny | s | naiildsu WANSYNUVIMNAINEN UNANMNS DA fUe)
a uazmaANtioya
Wasidanlad hasingerel 2mglL 40 i doa, nson, uazszuungla  |RTECS (Mmsamzidaunamnuiduiiviasasni)
(<0.1%) TCuo malatuulagin
CAS#: 50-00-0 suumaiiungla
Asanau (ude) 1duvnei ldsuans Tififoya
Jdoai e CAS ACGIH IARC NTP OSHA
nsadayin 7664-93-9 A2 Group 1 Known X
Wosilalas 50-00-0 A2 Group 1 Known X
HNUDA 67'56'1 - - -

AN25uY

ACGIH (asmnsiingusansanaIrnssunAInsgiviadsanaoiuznn)

A2 - ansasdednnansdalusysd

IARC (FninadFausSauunai)

nqui 1 - duansrieszGeluse

NTP (IasenmsREAmMenuiasn6)

V91U - @1sniaNzISeANg L

OSHA (Heu3rinssnitaNHURansgiaza g uNuuoInNs SN UBANANS g LNEAN)

X - flag

TVoNARUA NS

Tifdya
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Wuvnei ldsuans Tififoya
w@uvnaeit ldsuansmeinmia Lifidaya
Asanau (Hu / vuon) duvneildsuans Lifidaya
asanau (lo) W@duvneiildsuans Liftdesa
Asgaan (uda) @uvned ldsuans lsifidagya
AUNANTONANISY
Wuvnainldsuans Lififaya
uvnaei ldsuansmeinmia hiflfeya
Asgaan (Hu / vuon) duvnaii ldsuans laifdoya
msgaan (lo) @uvnaiildsuans
Porai wfiawoway | ssweu | naitldsu WANSYNUVMNNEINEN UNANMNS DI fYe)
o URIARNTIONA
Wafidanlas iy 15mglL 78 dlanvitinuan \u3586 2aunan RTECS (nsamziilaunannaiuiisansansail)
(<0.1%) ilsan
CAS#: 50-00-0
Asanau (uda) i@duvnaeii ldsuans hiflfeya

audn 1-folsadioyasadnanuiiug lunasanaass

Tifdaya.

AN idolsadioyaluadnauing Tunasanasss

Fowad a2y GRHIIELILNCIETY

19BN DA Leisy

WAANS UNANHI WA

ey
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uazlmaNtaya
nsadanin n3AtAszvinne Cytogenetic wyuanaine iy 4 mmollL BLifsnweu  [wanmegeuludauandwiigs 10347
(0.1-1%) Tenaniiug (aermailannusanitan
CASH: 7664-93-9 wsegAauaznIEmL)
wmea Tudarisuie dindenuavesaysd 300 mmoliL Lifleeu [wanseseuludsandwmites RTECS
(<0.1%) Tenaniug (Msamziounapnsim
CASH#: 67-56-1 Swresansiail)
wuvnaii ldsuans Lififaya
wuynaii Idsuansynainmia lifldey
Asgaan (Hu / vnon) 1duvne ldsuans Liitdaya
asanau (o) @uvneiildsuans Tsiftdoya
Asanau (uda) iWduvnei ldsuans Lifieya
funan iiolsadioyatwadnanuiug Tusums
Wuvnaii ldsuans
Bond 3G 61] aldd gswenu | naniildsu WAANS UNANMNZDFN
Ty
uasaNtiaya
WTNUeA Remnevesdifiue my 0.405 mglkg Taiflsnennu uansnaaeuludwandmiteys RTECS
(<0.1%) Tananewug (Menmeiennaninuin
CASH: 67-56-1 Suuesansiadl)
Bownd 3G 61] aldd gwenu | nanildsu WAANS UNANMNBZ DA
Ty
uasaNtiaya
WTNUeA msaiAmzsinna Cytogenetic y 1000 mg/kg Taiflsennn uansnaaeuludwandmiies RTECS
(<0.1%) Tananewug (Meameiennaninuin
CASH: 67-56-1 Suuesansiadl)
v Idsuansyeiinmita hifidey

Asgaau (Hu / vuon) duvnaiildsuans
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Lip]lt ngau Gh iG] s | nanil sy WARWS UNANMNZDFN
Teye
uazunaNtiaya
aslan las Remnavesdiiue 9y 0000035 mglL | 8 daieinuan |wansmaseulu@ewandviied RTECS
(<0.1%) Tananavug (msaamziflensapadm
CAS#: 50-00-0 Swaesansiadl)
msgaau (lo) 1@uvnaitldsuans
doand 3G 61] aldd gwenu | nanildsu WARWS UNANMNZD9FN
Ty
uaznaNtiaya
Wosilanlas mnnsedlulasiiandea el .000985 mg/L 851 uansnageuludswand mites RTECS
(<0.1%) Tananewug (Meameisnnaninuin
CAS#: 50-00-0 Suuesansiadl)
doand 3G 61] aldd gwen | naniildsu WARWS UNANMNTD9FN
Ty
uaznaNtiaya
e filanlas menaaevlulasiiondaa sl 2mglL 15 un#t uamsnagayluduandmiveyd RTECS
(<0.1%) Tananewug (Meameisnnaninuim
CAS#: 50-00-0 Suuesansiadl)
Asgaau (uha) duvnai ldsuans Liitaya
Wuvnaii ldsuans Lifideya
vt ldsuansyeiinmita Lifideya
mMsanau (u / vaon) duvnai ldsuans Liilaya
nsanau (lo) Wduveiildsuans Liitdaya
Asanau (uda) iWduvnei ldsuans Liiteya

Arunandvriusdoyannudui

3 p]

wduvineii ldsuans

dayan1afiwanendmivdaunanladliuanslifutaun linidudunsme

ol

daraf

BANVDIANE

LU

A leisu

WANFSENUNWNEININ

UNANMND

DA Y
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o uazlmaNtaya
RQILH i 4118 mglkg 10 4u \u3612 ?ansznu B siesiagauvienianlunsssd |RTECS (msamzilounapnsuiuiuaecasiail)
(<0.1%) TDwo Aniuissie
CASH: 67-56-1 (snunna@edandunisnluassifunsz)
wWenunsindné
9
ANIA
seuufuilaannzuazeduazAuig
Euvnafi lduansyeiinmiia lifldey
Asgaan (Wu / vnon) 1duvne ldsuans Littaya
Boaad wiiawowny | s | naiildsu WANSYNUVIMNAINEN UNANMNS DA fU¢)
2 uazunaNtiaya
e ny 0.0026 mg/L 22 5u \u3612 ?ansznu B sesingauvizenisnlunsad [RTECS (nmsamaiflounaninuiuiivaesansinai)
(<0.1%) TCuo piuissia
CASH: 67-56-1 (anunna@edandunisnluassifunsz)
AMsInaN ("la) W@uvnait lédguans %zﬂ@mﬂﬁiﬁmméw%’m’qumuiﬂﬁmm'l,ﬁl,ﬁuﬁqLLquﬁw‘ﬁ'Lﬂuﬁumma
Boand wiinwowny | s | naiilgsu WANSYNUVINMNAINEN UNANMNSDIEF fY¢)
S uazaNtioya
nsnfann nazsine 02 mg/L 7 dalu RWenunsRnUAR {addn
0.1-1%) TCuo szuundnuitie (asfmnaifenamsandionaasgAauaznisim
CASH: 7664-93-9 w)
Wasidanlas ny 40 mglL 14 5u \u3612 ?ansznu B sasingauvizenisnluasad [RTECS (nmsamaiflounannuiuiivaesansinai)
(<0.1%) TCuo psiuisia
CAS#: 50-00-0 (anuna@edandunisnluassifunsz)
Boawnd wiinwowny | s | naiildsu WANSYNUVIMNAINEN UNANMNS DA fU4)
a uazuaNtioya
aslan las iy 001 mg/L 24 @lpwitinan | \U3612 2ansznu B siasasausitanianluassd [RTECS (meamsieunannuiiufivassansiadl)
(<0.1%) TCuo nauldeuulasesgad
CAS#: 50-00-0 (souileanaiugnssueamasseng)
muea ny 1500 mg/L 7-9 4 wisunnsiauni RTECS (nsamzilounanansuduiisantansinil)
(<0.1%) TCuo srunlszamnan
CAS#: 67-56-1
doand wiiawowny | s | naiilgsu WANSYNUVIMNAINEN UNANMNS DA fU¢)

uaznaNtiaya
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Yasidanlas wy TClo .0005 mg/L 19 4u KienuMsRAAUAR suundwile  [RTECS (msamaifiounannuiduiivaesansini)
(<0.1%)
CAS#: 50-00-0

Asgaaun (uda) duvnai ldsuans

Tifdaya

12. @iayyarfiunAuszuuiing

ANuIuRYs5UUTLINA

M .
vuiiuguremannisduundszimlidpduiudunmeseduandan

doyaduaBainemi

AT uREsioAN

Uan lifdya

A innndaiay Taifidoya

anisny lifdsya

ANuduRun

I Tifdsya

o dfinsznnFunag hifdeya

&o19 lufinsrgndunda Tifideya

AunaNdoNaIBIiNeALL

AN uRsionANIN

dan
dawai naniilssu alda BAAVDINAGY|  LIFIBNU UNANHNINDINAE Y9

26 uazaNtiaya

yafiianlas 96 il Morone saxatilis LCso 6.7 mglL peen (uwuglsleFasnendiion)
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(<0.1%)
CAS#: 50-00-0
WnueA 96 il Pimephales promelas LCso0 15000 mg/L [UCLID (The International Uniform
(<0.1%) gudiegyanisiadl)
CASH#: 67-56-1
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Wasan las log Kon=0.35 Tifidasyn
(<0.1%)
CAS#: 50-00-0
WNUBA log Kow=-0.7 Tifidasyn
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CAS#. 67-56-1
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FoxaWAn AN
fAudunsdnisuauinduls:ansnns hiifiuadias
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neadawin azanels > 1000 mg/L 25°C 77°F
(0.1-1%)
CAS#: 7664-93-9
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TSCA VAR
DSL/NDSL VAR
EINECS/ELINCS VAR
ENCS URDRe
IECSC VAR
KECL VAR
PICCS URDRe
TCsI VAR
AICS VAR
NZloC Laitenu

TSCA - fiy@anisansiadauvsan 8(b) veigiiyaRnismunuansivursaniganini
DSL/NDSL - snansansiaiilulszmauaunan/smenisansiediuanszmeuaunn
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JOB DESCRIPTION

8. CHEMIST

GENERAL SUMMARY

Under direction from the Plant Manager, Operation Manager, Shift Leader, monitor the safe,
efficient operation of the plant's water, condensate, and steam treatment systems.

PRIMARY DUTIES

1, Monitor test procedures and results by all other plant personnel.

2. Train all personnel involved in the plant's water chemistry program.

3. Make the needed changes in chemical feed to keep all systems in balance.

4, Monitor chemical inventories and order as needed. Check different suppliers for best
price.

5. Coordinate cross checking of process chemical levels with chemical supply service
representative.

6. Learn the levels of chemical consumption in the different systems to facilitate trouble

shooting and equipment maintenance.

7ic Assist with plant housekeeping.

8. Perform other duties as assigned.

9; Train for plant operator position.

10. Must be aware and play a vital role of quality, envirénmental, safety and social

management system. (ISO 14001, 9001, ESMS)

SKILLS, KNOWLEDGE, QUALIFICATIONS & EXPERIENCE

Operate from established an well-known procedures under general directions. The position
requires that duties are performed independently with only general direction given.
Decisions are made within prescribed operating guidelines. Make budgetary
recommendations. Informal recommendations concerning short-range planning are required.
Recurring work situations with occasional variations from the norm. The job involves a
moderate degree of complexity. Contacts are normally made with others inside and outside
the company. Contacts are usually made with immediate associates and supervisor.

Must have good knowledge of water, steam, and condensate treatment chemistry for power
plants. Must have good understanding of power plant process.
Education requirements include:

Bachelor degree or equivalent experience .

2. requires power plant background capable of reading blueprints and instruction
manuals.
3. high school level math and basic chemistry.

WORKING CONDITIONS

FP-GAD-01-02 Rev.01



vGULF

The duties and responsibilities are generally performed in a plant or support services
environment. The environmental conditions generally include ambient inside temperature
and lighting levels and hazardous conditions. The use of protective clothing and/or personal
devices is generally required.

PHYSICAL ENVIRONMENT

1

COMMENTS

The position generally involves occasional sitting; frequent standing, occasional
walking; moderate to heavy lifting, and carrying; frequent kneeling, twisting and
balancing; occasional climbing; and, frequent reaching, pushing/pulling, and
grasping.

Operation of machinery, and hand tools.

Work with high pressure steam and hot water lines, chemicals and chemical
equipment. Work includes high pressure hydraulic lines, and electrical systems and
components.

Work in cramped or awkward positions at times. Will be required to work outside in
inclement weather conditions. Exposed to noise and a hot work environment. Work
in confined spaces or at high elevations when necessary.

Job requires constant attentiveness and awareness. Extreme pressure may exist in
the event of an equipment failure.

The use of respirators, protective clothing and/or other personal safety devices will
be required.

Wear uniform and groom in a professional manner,

(NFPHALA

Approved by....

(
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/ WORK PERMIT FORM

PREPARED BY COMPANY’S WORK SUPERVISOR (nsenvenaulfauysnilnegnouauinudaiduwingiuusend)

Date / Time | f}’-{’b f{'ﬂﬁlﬂ- Work order No.: | | Work Permit No.: |Q,111 - oK ~ 00|

Location Functional Location: Functional Location Description:

WTP 060K Ptbororte fmk
Requ_ested by:(veeunynlnewlniuusEns) NWH'WI‘\ ﬁmﬂh@m

s_hrftvl.eader revnews_attacried ng gy Anal_y5|s USA) [ 'n efile no, [nunourenans JSA TugUnuuaidnnsatné m’A Copy of Job Safety Analysis (JSA)
{Fortinn=nunauluudins HIuIRonsuUaon ie; JSA) W e bt hunouaOAGAGSA s,
- — - = =
Lack-out/Tag-Out : (nMsdonia:nsaawdinu) E"‘fOTO Required m
Hazardous Work involved / Are other permits required? Mark each box as applicable (s=ulusuryrmaudunsrenineavo)

[ Ghemical Work Permit {(swufiifuafiuansial) [ Working at Heights over 1.8 m. ((MUAsieariuURZILINNG11.8 1)
Confined Space Entry Permit rulufisuonA) - O Mechanical Work Permit (ISISiUIINNS7 6.8 U1S Ko 9runnDaIndn 65 °C)

O Cutting/Welding Hot Work Permit (41Usis/igeu AiiaUs:nelwiiaznowseu) [ Radiation Work Permit ((MUAIREOUSIE)
O Electrical Work Permit (snulwwn > 380 VAC 18 125 VDC) OJ Slings, Rigging and Cranes Permit (¢MUATEa5y, soniia:iAsu)
O Excavation Work Permit (inufifiedyndnaduuinndnéoinniu 100 uu. [J Other Work (1MUdU s:U)

\_/Nature of Work: (VeuaSues1eazI3unvadsu)

Clesn ool tork

Hazards: (Sumse U ns=1alwWh, AoUAU, 1samden, a1sinl 18ugiu)
Ref, BA

Stored Energy Sourcel(s): (Inaia:auwaniunonenedunsie 1du a3nd, 3189, A16U IBUL)

Prepared by: (Work Supervisor) Nw{-ﬁhm ? % Date: [’-F/ 6 /9_!; Time: 18 :30
et

Reviewed by: (Contractor) Date: ——— Time: C s

Reviewed by: (Operation Engineer) - _P\I\GVV\ Date: 'D;/ b/’lfL Time: % (0.0
Authorized by: (Shift Leader) 'F{rfq 3 AT (\, \ Date: 1;' /\ b, H L W’* LF“' @

WORK PERMIT EXTENSION RECORD (shift by shift): (n1sriafuaunyim, n: fio n:)

l 7 Extended Work Open Extended Work Close
Date Extension Request Description Work Operation . ) Work Operation
I Shift Leader| Time i Shift Leader Time
Supervisor Eng. Supervisor Eng.

Closing permit for first day, Permit needs to be extended.

WORK CLOSURE AND TAG-OUT RELEASE (nsvetamisrinnuna:uannnsaoniia:sinwadanuy)

I have checked the equipment and concluded that: (5uUteanwhoLWSoUveuInSaudnsrauiaSeaunissounsunrily)

pel FI | !

Verified and reported by: B H’ /b /2& y .

(Work Supervisor) t:("

Tag-Out Release Authorized by: e Date: y = Tiner e Work Completed
(Shift Leader)

Checked by: (Operation Engineer) . ?\/\0\-[ Date: 'n /b / 94. Time: 13200 Y,

Work Permit Closed by: (Shift Leaden) Porniawm & | pae | 49/bfd Time: | 43200 |Fves [Ono

ESMS-Sa-P-01: Permit to Work System Attachment_A1: Work Permit Form_Rev02



£ VGULF

= -

HAZARDOUS WORK PERMIT FORM ((uveoqty'mrifw'lunuaunsw)

A. PREPARED BY COMPANY’S WORK SUPERVISOR (nsanvanoulfiauysnilnegnounusiiduwingiuusens)
] Work Perrmt No

2w 1206202 - Q0 |

Indicate type of permit requested: Mark each box as applicable (s:ylUBUYIMINUSUASIBANYITOY)
T ical Wark Parmit ((URINEIRUANSIAD) g1
#! Confined Space Eniry Permit (uluRgUaINIA)
[ Cutting/Welding Hot Work Permit IuAR/ABeU AifaUs:nielwhazAoiuseu) ([ Radiation Work Permit (muﬁlr‘iuoﬁu@é)
[ Electrical Work Permit (Jaulwwa > 380 VAC r8a 125 VDC)

[J Working at Heights over 1.8 m. (NURGaJA UUAZILINNG11.8 U )
[ Mechanical Work Permit (1suauu1nnan 6.8 u1s nSe grunniginan 65 °C)

[ Slings, Rigging and Cranes Permit (J'lur_-'i'lt?az_i\), santaz1nsu)

(0] Excavation Work Permit (:ufgiosvaanaluuann3indaiinnu 100 uu.) [ Other Work @IBuq SEL

Personnel performing work: (qn_ﬂar'l'w"ll_lﬁui-l‘u)
(s:usTeBagURUANUSURSBIa:AINNANMUSUEAZOU RiU AnGNY, QUAUAYU, dURTAMURSUSMTA, Gidhs=Salw iDudiy)

nsriiisTegaUAGANULINNSTlUMSaTAdATs1EEeidulenasiuy

2= - =
Name — Sumname (ﬁa uwuana) | ' Attendant (Witls:3u)/Firewatch Personnel ([gll]"lS:O\ﬂV\f)/Others(é'uq)

Nutferon P - Wovrk  Supervisor.
Narova ok W. l AR M.
Hotsakdtn J. T B

Plant can support the hazardous work permit and prepared effectively to prevent operation failure and accident
(ChowanlfinssunIsie: auuauunﬁsnﬁmmwrmmwnﬁmﬁﬂmw

nq/“mmmmbhinim

Work Supervisor Sign; th R Date: (auﬁ') [‘I’» “_Tjr‘r:e: (19a7) l B Zm
Contractor Sign: Date: (3un) Time: (i0an) | i
__O_pe.ratlon Engineer Sign: %L{_ Date: (3un) ﬂ/(y[ ’l‘l Time: (1987) _W nl(_{_'(m_ et
Safety Acknowledge Sign": ooy Date: (3uf) ﬁ 3 .% f 0% Time: (1a1) 4. o0
| shift Leader Sign: F{j“m M é, | Date: (Bun) 1 :1"" & ]' ﬂ& Time: (19a7) WTLF—‘G—” ------- 2
Operation Manager Sign: 1"5- Date: (3uri) “viv 'r%/]_,' Time: (1987) \%’:‘% u{;_m
Plant Manager Sign: Date: (dun) g Time: (1987) P
B. WORK PERMIT EXTENSION RECORD, Shift by Shift (n1s#ialuayryna, n=sianz) i
Work Supervisor Sign: Date: Gun) | Time: (19a7)
Operation Engineer Sign: Date: (3un) a 'Time: (10a1)

; Safety Acknowledge Sign*: Date: (5uﬁ) Time: (1987) ol LA T bt
Shift Leader Sign: | Date: (3un) | Time: (19a7) e
Operatlon Manager Slgn Date: (3un) | Time: (19a7)

Plant Manager Slgn =TT _Date: (5uﬁ') _. Time: (1987}

The Hazardous Work Permit is valid for only one shift duration. The extension is allowed but not more than 1 times, The atmosphere and site is re-evaluated at work leader

shift change and a new permit must be obtained by the on-coming work leader, After 1 time extension, If work is not complete, new Permit form is required.

([uaury-mrﬁmua‘umswﬁmundqn-lrhﬁu ﬁuﬁmu'1snm'aa'nulﬁhduns:ﬂuuﬁa-luaqrym MSASIEUANIWRURRIIL lﬁﬁonﬁmzr‘iwﬂnu|Bu@ﬁ'uﬂumsmsooan-|wlnu nav

msmaa’!unsum AINVILEIU IHSQHUQS[\J naunsanvauaa\ﬂu IIUUWE)SUTU.(HU)

C. WORK CLOSEOUT AND CLEARANCE (n1sUndaulia:uns=uunaugno:idanuuna)

| hereby declare that all mechanical/electrical tools and devices have been removed, all personnel have been withdrawn; Plant cleared and brought back to normal
operation (JwIS18udulisn TirnisinAeudieindaula/nSouna/gunsnilwia AASAIUANEIAUWLRINUSISNAIDUSURSIUISBUSOBIED WEOUR:LNS:UU NAUNAGN9: NS

IRUASaIRIUUNG)

Work SLIID;NiSDF Sign: ste: (3un) Tﬂ-_/f, !Zl_z___ Time: (1987 I_}—.QCO

Contractor 'Sign: ste: (3un) Sk Time: (1987) LR

Operation Engineer Sign: ste: (3ur) [‘L’L Time: (19a7) 11.)@'} Work Completed
Shift Leader Sign: ste:@ur) | A [LTQ0 | Time: g0an) A 0d

Operation Manager Sign: RO Date: Gui) | \1) OO | Time: (0a1) | ANPAYN -

Plant Manager Sign: 1 5.\ D:te: (3un) Time: (10a7) Ad / YES i NO

*Safety Acknowledge Authorization: SHE, Operation Manager, Maintenance Manager and Plant Manager, respectively

ESMS-Sa-P-01 Permit to Work System
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Pari-¥ : APPLICABLE TO WORKING AT HIFIEHTS [ i FE

e PO Permit No.:

- Hckon - ot

SAFETY CHECKLIST - Type A
(srwmisnsavdeunculaeafieds:inn 10)

wGULF

EI Equipment for erection scaffolding l:l Platform of the scaffolding must D Cover provided for open tloor or

The followIng is safety precaution. Tick in the box pravided where approprlats, ** l|a REQUIRED PRECAUTION. o g memas Lol SIS0 VM Sl be fixed and al least 80 cm. in widih. over 90 cm. guard rail provided

| (gUnsniAtuUs:nauilutagnu nie (WuguRauITasy, Do na:diasndna (HaunduaAsau nSads oAUANGY

/El Affected persons/partied nolified.

s e M B v g il

Fari-i : APPLICABLE TO ALL WWiw=as) o

H System Isolated with lock and tag.

(s:uuwaAsnugasianen.den,voute)

PIE avaiagties F n uss. wula doviianwiaonna Tugga) aglou B0 .U Tudioundn 90 v L) o

(RUnsninoudaanneywsauldyw) D Scaffolding has tall protection, D Waming signs, Inspacted, approved Tag.

'H Tools/equipment are inspected D Clearly marked with signs. Proper Safety Equipment located Ladder installed, walkway provided (APTIFRU A S WRASILIUN U, G0 uwun: J31Japane”)
wribsalion Frarana st di g L P o T ] {Fainsuuinsaadonaulaennu) Handrail must not less than 90 cm. D The width of ladder must not less \han 30 cm,
D Warning lighting provided. Safe exit path known by all workers, (@Ufi0#Avunswiindunoongnidu) (Gudusiagiis-uuAidu Duula DAgu (raundwaulaliGoensn 30 3 U }
iy ruiFounu) na:Usariuanguludound 0 3.u )
{Czemummani cation wilh Control Room established ? \;VOrk Planning and emergency actions provided WPart-Vil ; APPLICABLE TO WORK RELATED OHEMICAL Gty ettt iy
LR (ofumaunisinvunasiuuibaifninagniaw D SDS requircments reviewed by workers D Rubher gloves, sults, faceshield eic.

JSA/procedure reviewed and communicated Lo all workers. (nunou JSA/38URGAINU na:deastAgUGUAY unnAuNs Y (wanuununouna:iitefemnumlu SDS) {mSvurlou, gaua:ns:Jandfuaisiad)

D Chenical spill control kit prepared D Nearest eyewash/shower/spilt kit known

Pari-5 : APPLICABLE TO HOT WORKS ! baezlai- ok . vherrwllel]
D Combustible materials kepl away over 10 m. D Protection from nearby combustible materials. e ool ead ol s (§9ndwavawnagunsnidodfiuarsindsolna)
@alolwegremeniuiuwnng 10 wasy (u'.hs:iu'Snr]blwﬁlﬁuIqulunﬂnﬁlﬁw [This section s ONLY for EL T L LT R S k
D Moty Boor Spannge coverrd D Fian walcrer, 30 mur. ¢rocs afier wors compicied. D Fire extinguisher provided D Fire watcher is assigned

(@urhUaOnsUnATovRua:IRRTWNS: fY

D Combustible gas tested
(InsassviariulalwnawEusL)

D Fire extinguisher avallable, Rating at least 6A-20B

(IRSUUITIRUIWES:FUDU iDL 6A-20B [TUSIoNUAURUGAIL)

(GENEs:39IW, nEAa§9IU 30 LAIR0IASOIAOURUR)

D For gas cylinders; proper arrester, S-year tesled and
proper valves such as CGA installed
(fivieAuulEnURoIuMsAsovaoUNn 5 U, Anqunsni

IWdounauiia:o E@lGLIns U (15U CGA)

(mSeunaauwana:wsautduiu)
EI Non-sparking tools required

(FindoudonluiiFinaUs:melw)
D System properly purged or cleaned

(rmiss=urB/mngua=aaansiolwindo)

O
0

(Egiiidns=5atw)

Appropriate leak detector used
(Hindoansovinansiolw)
Grounding or bonding installed

(MMmMseoanunu nsamontuus:gIwwniISousoundo)

[C] Feceshieldis required for welding task; (nuiiausossaundrnneaundou) Part-Vill : APPLICABLE TO EXCAVATION WORKS [s101v MSUIIYAIE]

Part-lll : APPLICABLE TO LIFTING WORKS [s1un1snsasacunoiulaonafiudninusniaunalgiudiy D Hole size D ‘Digging by hand tool onty.

D Lifting Plan provided, D Lifting area In safe condition i.e, safe distance (S:yvunAvaIngY, N3 Wxe0XEN) (Autdingosdns yalneAurittivg

(RSBUNUNISENIS1ED) from electrical high voltage and stable ground D Walch man is assigned D Do not have flammable materials

EI Litting load chart is reviewed (@nwWuhguenunowlaoAny [iu Asenaraiwisgs (GAUIds:39RuSIaNINIL) (Avdlitsmnlolwusionuriianasynien)

(nunoumseRandaninmsenvasdudu) f1a:WulAWTuAITIIS]) EI Warning sign far pipelines and cables already Installed D Undarground pipelines and cables aiready Identified
D Crane operalors certificated D Lifting equipment i.e slings, hoists, hook, shackle and (@msaneudivBuaniudrana:anelwlns) e e i e A fea b s
(Ljnouquﬁuﬁ'uﬁluéusaumununmﬂ) eye bolt in good and safe condition, [j ‘When depth 1s more than 1 2 meters, ladders are prepared, lhe end over 1 m, and land slide protection 1s alsa required.
D Posges crane Inspection certificate. {QUnsNifTSunIbu a2y, san, A:ve, Houldadnoyluaniws (donguanuinngs 1 2 Iuas FasddulatguenuinkauLINNG 1 1UAS Ia:AaJdqUnsnidaufiugiun:aty)
\wansavamwiudu Us. 1 @AuR) Ue 2 (ndauf) 18wulFatlanniio) Part-IX : APPLICABLE TO MECHANICAL WORKS s ¥ el
|Part-IV : APPLICABLE TO ELECTRICAL WORKS [rusrmssssn s soniadhnisradshi] D Temparary shislding D Leather gloves
D Qualifed person as required by law D FaStar man ang rukior gisves D TR MR talion (DinSaarusadnouSo) (nSeunudondustas:ngriuw)
(@UgdAIGWIUMSaUSUAILINGNU1E) (18nuurana:ndou wiulwy (RAUS:UUARLISYUSOUIED) D Face shield, pressure/heal proof suit |:| Systemn drained and depressurized or
D B T e D Workers are not wearing loose clothing, jewelry or metal objscls. (nSuUns-Gundi ynunausaL) de-temperature to exlent possible
(auoubounLiwWavounSouGaogTuan W) tnuriruluasuidotinansy, Wigoumouindoals-Aufirnenian:) D Long sleeve shirt Hosuwawu dnowAunoangrunniadiogiu
Part-V : APPLICABLE TO RADIATION WORKS [swuny Induriubal) UadAENUsUTdIanvuo) . uidaaniie)
D Safety distance in meter(s) D # of Licence of Radi y Equi it Operation Engineer Wﬁo/’ti Time: l; ﬂ/ 5
etk e (QUnsniawSaATTuayms:yaviiluaya ) (Print Name: autlo) (roa") 1 SC
D Radiography team use personal dosimetry. D Waming signs or rotating lamps provided., Waork Supervisor T Time: -@_
(BrnsuuaUnsnisasAdouLRAtARLWINIILTEILY (Iasmmsuutheirouna:twiiausnituiuionesid (Print Neme: adfe) ': (10a) E’ [-

O

[J  Fire extinguisher rating as least 6A-208 in place. Rediography equipment is in good and sale condition

Safaty Acknowledge Authorization
{Print Name: adflo)

W/elzg | o | e

ATTACHMENT-3_Safety Checklist A_Rev.01

(IAASEUNIALWEIE:AUDUTIDY GA-208 [5USIoNIAURUAIILY b dacrasd aler sl sl oo Lo

ESMS-Sa-P-01 Permit-to-Work System



/ G U L F SAFETY CHECKLIST - Type B (s19n1smsovdaunoiudaannads:zinn )
J
This checklist is a safety check for CONFINED SPACE ENTRY or HOT WORK Task
[uunsovdounoulasaneUs=INNG unuunsovasuanlidrsusuluRduania néo vunelAiinAUSounsoUsNelw]

Location of work (@nunufusatu):

W'TE Work Permit No. 2u1—Jone2 ~Cg|

Description of work (@nuruzviu):

Olen Tilteske  tank,

ATMOSPHERIC TESTING RESULT (wanisaso9dalazUs:iduaniwainid)

initial 1) | Time @™ | Time @™ | TmMe @™ | Tme @) | Tme @™ | Time ) | Time @)
Condition focspmbeEn® w0 | 16=00
S e Result Result Result Result Result Result Result Result

Oxygen 19.5% -235% | 20,8 90.%
Flammable <10% LEL O o
Other:
Temperature Condition <40 °C L% 91
Test performed by Operation Engineer Py f hﬂﬁ’-
Acknowledge resuit (Work Supervisor) Nuttangn® N Mo f

! Testing must be carried out before entering and during performing task. The routine testing is also required, The frequency of testing would be continuaus, hour, 30 minute,

1 or 2 hours depending on conditions that might affect to aspheric condition in the confined space, If the confined space vacant for more than 30 minutes,
the atmosphere must be tested before anyone re-enters the space.

INSTRUMENTS DETAIL {swmﬁggdnmﬂnmﬁm
Instrument Usa" (Model and/or Wpe) ‘

[mseaﬂeﬁlunsovﬁa (iu sa:/mse. uy)]

Serlal # S Last Callbratlon Da‘lve
(nnalavm§ad) = . ] ﬁuﬁmmsaeulﬂuun&mqn)

8657 {1 /Co /2038

Sf?cwan

PREPARATAION (MsiaSeunnsringau)

m‘ Isolate with lock and tag
(NsARIENWANIY, GonneyiRia:zivoulie)

-
Continuous ventilation established
(@alAlnTss:=uNgaNFeEFoItio)

g Cleaned, drained, washed, and purged incl. inlet or
discharge lines, instrument connections and loops
(OnisrinAoua:=ann, dedaisinboan, Iaf1sdunsigaanain

$:UU, e, daunarin-aan, YaRaNJIKUR)

Posses Confined Space Entry certificate and Valid

(tinunisausunisrituluRSuaINIA)

Possed Medical Check-up report and valid

(Dwanisnsovgvmwis:udnuuiufdusniAlalus:e=oanininug)

Procedure reviewed with each workers

(Iﬂmmsnunouosua VUFIOUI’]’)SH’]\]"IUF\UULJQUFIJﬂUIIaO)

H Working sign posed, boundaries established
[l'i'lnuM‘mmau Aulenwun)

?_‘I Employees informed of confined space hazards

(Wdnumusunsiuivaunstevaanisiinll rngulunauaInF)

Anendant stationed (InSeuyits:33lS1&0)

E’ Initlal asmopheric completed nanweinAtisuisLIILIES)

D Describe method of rescue (s:u3snisdouindeilofninaanidunSoIuuIoNans

EQUIPMENT REQUIRED FOR ENTRY AND WORK (gUnsniftgni0ugnsunisrieiu)

D Dir.ect readi‘ng gas detector U Safety harness and lifelines D Hoisting equipment
(1IrSavdnnAanauisnauAlflnensa) (EeSAAdUSHBIA-A10Y00TIR) {ounsaundnuna:dnsan)
Powered communication U Respirator D Protective clothing
(@Unsnideaans) (A8agsosrmela/mdanin) (ynUavnu)

w Lighting D SCBA or air purifying respirators for entry and standby personnel D Fire extinguisher
(oUnsnidovadnu) (lméaum's'aadoamolvua:@rs’swhﬁa) (NAUIWAY)

D Method of Communication with Attendant and site's Control Room
(s:udBnisdoansius:nIWGURTRUNa:gitNs:33, msﬁamsnunaunounuvaulsolvvvxl'\ wu onuaoms unk3a, Fearsnulnilaninensy iIDusiurdenuutonans

B_p_eration Engineer
(Print Name: adﬁo)
Safety Acknowledge Authorization
(Print Name: aJgo)

Work Supervisor

(Print Name : adﬁa)

~\

| o | 0hAr e e o

Date:

o |\V/102 | | 14

Date: Time:
Gun) Wlp / % [10a") L 1$2 Qj

ESMS-Sa-P-01 Permit-to-Work System
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Date/ TW¥i :  17/6/2022
Job/ ¥01M ¢ Cleaning filtered tank

P
Work Location/ Equipment No./ gilnsal/ #ufivinau :

¢ a ¢ 4 o
uuuresumsImazrinunennulasass (Job Safety Analysis)

Water treatment plant

HINBAaY JSA No.

211 — 13062022 —CN

Vo o ] PR Tl o
Prepared by/ fioniimnun/he : Nuttanon Prasitthisarn N U‘* _h po ‘P Approved by oyiiflng : Fﬂ"ﬁ]s N RY] d
Residual Risk
Potential Hazards Risk Control Measures o
Item No. Step of Work . 4 oA N T ANUFHUTIHAIDININITAIVAN
. 4 s . DUAIENDIVNAUY FTAUANNFHUN WAINMINIAN Jesin 1N
UYUADUN YUABUNTNU Joaiuuda
I uiila work permit ) shift leader msftemsmsifinan ludhledu yana=vounld #o41dTu0ya1A N Shift leader AoUU TR yana=vouiu'ld
2 MNTNYATTULLASARLBNTELY Aauonszunla liaseurqumarhau YAna=g A5 AOU LOTO swAvfhowiniuduns ssdeuasiioyfiidam yana=ries
3 fuszuy fiuszuy1d liasy yAna=gI ATWABY LOTO TanAvfhewinau@uniey ynna=loy
4 e work permit 1 shift leader i UﬂﬂEI:UEJiJ;‘UM]G’l’ 1aid) luiguase
o oA o & roooa o ar
g 1 usudmdeatiumassydeyansuiiviuuuiuluvesygnansiau

. g g -
2.50en5dleyiA lao desavduaeilodennnsum lifulueyan

o S : . T
3. inmsinsfinsanmsiasedunuguus siidenansenudeyanamindau Samsradiuad

& w, o v o } « ) N a ] da
MsinsgduANNFUITIIB Mg NI Ris 1 AidIpAnI zNLIARY AN madnsziunnuguusre AkgnMIssgiidananIznuAenINGa
52| AUgULSY |5 waziBoa sedu | Anuguuse [seazidun

1| weaSUl |hifinsuady 1| wenHlE |hifinwodudune

2 @mioy  |Imsuaduidndesuszdinlguwena 2 @ados  |niwddudenodosnn

- v Ay nwe e . ninidfudoinhunanuazamisoduiiunisnan
3 | dhunais [Bmsveduiidesldsumssnumisnisunnd 3 | thunans |
an Tl 10
. -
iinsmadunioduthoigunsydosmgasmandu 1 5w nindfotonminuas hivwsoldaugdnsehinid
4 q i 4 L .
ioTin WAz e M

ESMS-Sa-P-01 Permit-to-Work System
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v

ENTRANT LIST

L Gulf

No. Name Time
In Out In Out In Out In Out
__&l%k W, -0 [5:00 | [b:20 | |00
‘3_ kdn J. A:90 [ 15300 | [5:20 | {4 :06]| 636 | (6:40
=
|
Attendant Signature W\@A‘ Complete Date ['-1‘//6 / 2029 Complete Time 14 MG oY

Attachment_A2_Confined Space Entry.doc

REV. 1

July 15,2018

Ly



vGULF

Lock Out Tag Out Form

Work Permit No

. 2\ - FeL2092 -~ o)

Copy of ESMS-Sa-P-02_Attachment-1_Lock out Tag out form_Rev.01_blank form

PART I: LOCK OUT TAG OUT INITIATE PART Il: FOR TESTING PART lll: WORK COMPLETED
O-Lock e = For Testing Test Completed Work completed
Tag | Numbe Functional Location Tagged Hung By eritiod [epseified RestoredRemoved Verified Restore<1 Hung | Verified| RestoredRemoved Date
r Position By : By Contractor|Positi By: By: |Position| By: By: ||Position| By:
1 | = | UF bGyshkwm oft Moot  — ON Wb |17f6 /72
2 | — | filleved fomuk Dyein | 0feV [Hottulwinytlever] close  [Ihlows [|36/77
Ve lw 18scinArgod
s I/
il ,) 7~ //
/ 7
/ ]
i —r
/
O - Lock M - Lock Contractor-Lock Lock Box / /
FoviNo: Key L p— _ Work Supervisor Date | Work Supervisor Date
A m i No: Key No: Lock Box No: / /
o o Operation Engineer  Date | Operation Engineer  Date
Lock-Out/Tag-Out Reviewed by: ate: Time :
(Work Supervisor) h/t/2L |30
Lock-Out/Tag-Out Authorized by: ate: Time :
(Shift Leader) 12141 72 |3 :00




Rescue Plan

Foao o U ; filtered

’qﬂﬂi tﬁfj Ve): Radio, rope, ventilation fan, Gas detector, First aid kit, Spinal board, Safety HarnessHarness, flash lig
BUATY: 419 oxygen, AnA1g0gn16 T

e M3 RHEAMTZTAVAINTUUTIVOIADIUZN5/QURAING

wa

3xﬁummgmmmmﬁmu:mi/ﬁgumm:

° t @ <
anmumshaunlasu guiameaniios wielinsudslionen

e

a wa Y P A G4
1. ﬂg‘umm HAFFIYVADLAS T1NUADIUSNITU

e

v

TUABUMIHNY

3

aa

a 4 v Ao )
2. “IJQH@NTLJ IANDUIIYDDNVINNOUDINIAAIUAULD

e

aa

Szﬁummguuiwmﬁmuzmi/a‘mm@:

aa 1%

a Ay 3 9 ' = vy = ' A
INAQYUALVR WHUIALY Pj]ﬂi&ﬂ’ﬂ!ﬁ@lliJ’cTHJ”I‘Jﬂ?J?JﬂiJ”Iﬂ”IﬂVI U®1ﬂ1ﬁ‘lﬂﬂﬁﬂ@]ul’l’]\1 UNTUDANUFIYLYI DD

a 4 a < ' Yo A '
Jomide Aadedeuniuielsziiuaniugmssiat lugunsald 1dgdnssidaeiwsounas
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GULF GNRV1 GAS PIPELINE AND METERING .
‘ 7Gulf NRV1 STATION PROJECT J ST
N/A

DCVG REPORT Doc. No.

6. RESULTS AND OBSERVATIONS
6.1 SURVEY RESULTS

Test results showed that no defects (Category 1, Category 2, Category 3 and Category 4
based on NACE SP 0502 classification of coating defect severity) was detected at the time of
testing. The entire pipeline from KP0+000 (SN7) to KP6+725 (GNRV1 Metering Station) was
shown to be without any evident defects coating.

All HDD/Bored crossings under an asphalt covered road, which prior to tie-in during
construction was individually current demand/drainage tested in accordance with NACE
TM102 and found to be free of any major coating defects at that time.

This result further emphasize that the pipeline is well coated with no defects detected from the
survey,

7. CONCLUSION

The test results from the DCVG survey show that the GNRV1 pipeline from KP0+000 to
GNRV1 Metering Station KP6+725 is without any identifiable coating defects at the time the
survey was conducted.

It is expected that as the pipeline settles and with changes in the environment that this
condition will change with time.

8. RECOMMENDATIONS

At this time it is not recommended to perform any additional works related to the pipeline
coating system, other than to conduct routine monitoring surveys such as DCVG in keeping
with the PTT standard operating procedures for transmission pipelines.

9. ATTACHMENT

Attachment A: DCVG Test Condition
Attachment B: Photograph during survey
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GULF GNRV2 GAS PIPELINE AND METERING | & % ST
. FGUIf NRVZ STATION PROJECT ! J
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DCVG REPORT Doc. Mo, HIA

6. RESULTS AND OBSERVATIONS
6.1 SURVEY RESULTS

Test results showed that no defects (Category 1, Category 2, Category 3 and Category 4
based on NACE SP 0502 classification of coating defect severity) was detected at the time of
testing. The entire pipeline from KP0+000 to KPO+170 (GNRV2 Metenng Station) was shown
to be without any evident defects coating.

All HDD/Bored crossings under an asphalt covered road, which pror to fie-in dunng
construction was individually curment demand/drainage tested in accordance with NACE
TM102 and found to be free of any major coating defects at that time.

This result further emphasize that the pipeline is well coated with no defects detected from the
sUrvey.

7. CONCLUSION

The test results from the DCVG survey show that the GNRV2 pipeline from KP0+000 to
GNRVZ Metering Station KP0+170 is without any identifiable coating defects at the time the
survey was conducted.

It is expected that as the pipeline seftles and with changes in the environment that this
condition will change with time.

8. RECOMMENDATIONS

At this time it is not recommended to perform any additional works related to the pipeline
coating system, other than to conduct routine menitoring surveys such as DCVG in keeping
with the PTT standard operating procedures for transmission pipelines.

9. ATTACHMENT

Attachment A DCVG Test Condition
Attachment B: Photograph during survey
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NAN1INIIVTMNNVAIMBEIINTIANEY GEO PIG

INSPECTION SERVICES

Customer China Petroleum Pipeline Bureau
Project 12" x 6.70 km Natural Gas Pipeline
Project no. 1802019

Date of Report 16-0ct-2018

Revision 00

4. Inspection Results
4.1 Reporting Threshold

Feature Types Reporting Threshold / ID (%) Wall Thickness (mm)
Reduction/Dent 2 10.31
Ovality 5 10.31
Ovality with dent 2 10.31

*Ovality = (IDmax = IDmin)/({(IDmax + 1Dmin)/2)

4.2 Inspection Findings Summary

Feature Types No. of Identification Smallest ID detected
Reduction/Dent 0 nia
Ovality 0 n/a
Ovality with dent 0 n/a
4.3 Feature Statistics
Feature Types No. of Identification %ID
Reduction/Dent 0 n/a
Girth Weld 571
Bend 37
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' GULF

Monthly Gas Leakage Check

(M/R Station - GT Enclosurc)
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iGas Flow meler
Arca4 Camtrol vahve AU Enclosare

Remark

]F_';um!c.

In Case of Abnormal , Please Issue Natilication

Notification Number:

Notilication Description:

Recorded b

Verilied by

(Shitt Leader)

(Tlsadourioa1us5a4)

FW-OPT-i4-01 Rev 02




~GULF

Monthly Gas Leakage Check

(M/R Station - GT Enclosure)

e, GVEY A
owe. 1 /08 /32

Description : Please check Natural gas pipe line accrodding men of pas pipe line

Area | Line Natural gas after M/R Station

Area 2 : Gas Compressor

Area 3 : Line Natural gus of fuel gas heatet

Arca 4 : Linc Natwral gas after fucl gas heater to GT11 enclosure
Area 5 : Line Natural gas of fuel gas heater

Arca 6 : Line Natural pas after fuel gas heater to GT12 enclosure

Area

Natural gas pipe line check Leak check

Surlace check

Leak No leak
Equipment

(LEL > 0%) (LET;;-T-‘%)
l4

Area 1

Valve 00N110 Gas Meterine

MR Station

Natural pas pine line

Area 2

[nlet and Outlet Gascomp No. |

Gas Comp

Inlet and Outlel Gascomp No2

Valve ADUIA | Pressure gauge (A0U Filter)

Vatve RBUIUT Pressure transmiter (NG Filter)

Area 3
GTHi

Bypass valve N8 Gas Filter
[
Valve NOUAT Gas Filter

Purgine Nitragen (N2) valve

NN NN Y

Gas Filter drain valve

3

Gus Filter condensate indicator valve

Gas Filter venlilation valve
Bypass valve Mad Gas Filter

Natural vas pinc line
—i 0l

Area 4
GT11 Enclosure

Gas Flow meler

Ceearal valve 012181 Encl

NN

Venl valve N8I Enclosure

Nulural gas pipe {ine

Valve NOUIYT Pressure gaugc (N8Y Filter)

Valve NAUM Pressure transmiter (N0 W Filter)

N

Bypass valve 10U Gas Filler

Area
GTI12

Valv¢ 19U Gas Filwr

Purging Nitrogen (N2) valve

Gas Filter drain valve

Gas Tilter condensate indicator valve

§ B

Gas Tilter ventilation valve
———————
Bypass valve #a3 Gas Filter

AVA AVAN AN ANAN R |

Haural pas pipe ling

Arcu 6
GT12 Enclosure

(Gas Flow meter

Control valve 19WH Enclosure

NN

Vent valve 18U Enclosure

Natural gas pipe linc

T
E
s

Remark
Normal Abnormal

In Case of Abnormal , Please Issuc Natitication

Notification Number:

Nolification Description:

Recorded b

Venlied by .
(Shift Leader)

(TilsafoudodIuss9)

FW-OPT-14-01 Rev 02



\,."'GU LF Monthly Gas Leakage Check B _Gl'lﬁ n "1
(M/R Station - GT Enclosurc) s /! _3' ]

Description : Please check Natural gas pipe line accrodding area of gas pipe line
Area | : Line Natural gas after M/R Station
Arca 2 : Gas Compressor
Area 3 : Line Natural gas of fuel gas heater
Arca 4 : Linc Natural gas after fucl gas heater to GT I enclosure
Aurea 5 : Line Natural gas of fuel gas heater

Arca 6 : Linc Natural gas after fucl gas heater 1o GT12 enclosure

Natural gas pipe line check Leak check Surface check
Area | Leak No lcak Remark
Equipment Normal Abnormal
(LEL>0%) | (LEL :J-‘I"I-)
Areall Valve 801110 Gas Metering /
M/R Station  JMiattirs] gas pigs ling
Area 2 [nlet and Qutlet Gascomp No.1 =
Gas Comn  |Inlet and Qutlel Gascomp No.2 AT
i
Walve naurs | Pressure gauge (Et Fibier) yr
[Vals inus Pressure tmmstviter (A Filterd £
Bypass valve 19U Gas Filler Ve
Valye NOUIY Gas Filter __/ 3
Area Purging Nitrogen (N2) valve s
GTI1 Gas Filler drain valve

Gas Filter condensate indicator valve

Gas Filter ventilation valve
Bypass valve ¥ad Gas Filter

Natural gas pine line

Gas Flow meter
Area 4 |Comtngl valve NI Encboiure
GTI1 Enclosure [Vent valve noUi01 Enclosure
Nt ine li
— e e

Walve i Pressure gaess (NAW Filter)

\ \\Tt\ \-'\‘\\\

Valve AAU Pressure transmiter (RaU Filter) G
Bypass valve N0U Gas Filter __/
Valve NaUe Gas Filter /-.-
Area s Purging Nitrogen (N2) valve /,.
GT12 Gas Filter drain valve //
Gas Filter condensate indicator valve L~
Gas Filter ventilation valve /'/
Bypass valve a1 Gas Filter 4
mbatural pas i Line
Cias Flow meier -
Arcu 6 [t valve yUI%1 Enclosure il

GT 12 Enclosure |Ven valve NAWwN Froclosire
Mammral pas pipe line

In Case of Abnormal , Please Issue Natification
Notification Number:

Notiticalion Description:

al Hl

Recorded b

Verilied by
{Shift Leader)

(MlsafousodusTa9)

FW-OPT-14-01 Rev 02



‘ Monthly Gas Leakage Check . GHNREV1
~GULF
(M/R Station - GT Enclosurc) Date :
Description : Please check Nawral gas pipe line accrodding area of gas pipe line
Area | @ Line Nutural gas after M/R Station
Arca 2 : Gas Compressor
Area 3 : Line Natural gas of fuel gas heater
Arca 4 : Linc Natural pas after fucl gas heater to GT11 enclosure
Area 5 : Line Natural gas of fuel gas heater
Arca 6 : Line Natural gas after fucl gas heater to GT12 enclosure
Natural gas pipe line check Leak check Surlace check
Area Leak No leak Remark
Equipment Nomal Abnormal
(LEL > 0%) (LEL = 0%)
Area | Valve 091710 Gas Metering
M/R Station Natural pas pine line
Area 2 Tnlet and Outlet Gascomp No. |
Gas Comp Inlgt and Qutlet Gascomp No 2 P
"Valve 01014 ) Pressure gaupe (101 Tiliard s
Valve ffi U4 Pressure transmiter (AR Filier) /___
Bypass valve N9V Gas Filter 7
Valve ABUAN Gas Filter £=
Area 3 Purging Nitropen (N2) valve /__/
GTH Gas Filler drain valve 7
Gas Filter condensate indicator valve /7
Gas Filter ventilation valve 4
Bypass valve 144 Gas Filter z
Natural gas pipglin_c
|Gas Flow meler i
Area 4 Contred vabve f:041% 1 Enclovare £
GT1 Enclosure |Vent valve Nou1 Enclosurc /-
Natural gas pipe line
Valve A91197 Pressure gauge (19U Filter) pa
Valve NOUET Pressure transmiter (rTau Filter) /;_
Bypass valve nou ya
Val e NBUIA1 Gas Filter __/
Area 5 Purging Nitrogen (N2) valve yd
GT12 Gas Filter drain valve =/
Gas Filter cond indicator valve / P
Gas Filter ventilation valve PER
Bypass valve ¥iad Gas Filter s/
Matural pan pipe line
Gas Flow mcter
Area 6 Control valve AW Enclosure £
GTI12 Enclosure |Vent vaive NOULU1 Enclosare /
blpmral gas pipe limg
| Fernaic
|n Case of Abnormal . Please Issue Notitication
Notification Number:
Nolilication Description: . P |
Recorded b
Verilied by
(Shift Leader)

(Tdsafioudiodmsseg)

FW-OPT-14-01 Rev, 02



9,

v GULF

Monthly Gas Lcakage Check

(M/R Station - GT Enclosurc)

Plant G NR V-E
Pate: 19 L c;

Description : Please check Natural gas pipe line accrodding ares of gus pipe line

Area | : Line Natural gas afler M/R Station

Arca 2 : Gas Compressor

Area 3 : Line Natural gas of fuel gas heater

Arca 4 : Linc Natural gas after fucl gas heater to GT11 enclosure

Atea 5 : Line Natural gas of fuel gas heater

Arca 6 : Line Natural pas after fuel gas heater to GT12 enclosure

Area

Natural gas pipe line check

Leak check

Surlace check

Equipment

Lcak No leak

(LEL > 0%) (LEL = 0%)

Area |
MR Station

Valve 890311 Gas Metering

—

Mabeaal gas pene Iﬂe

Area 2
Gas Comp

Inlet and Outlet Gascomp No.1

Inlct and Outlet Gascomp No.2

Area 3
GTI

Walve U1 Pressure guage inan Filierd

Walvg NI Pressure Transmiter (N0 Filter)

Bypass valve N0 Gas Filter

Valve NOULUT Gas Filter

Purping Nitrogen (N2) valve

iGas Filter drain valve

iGas Filter cond indicator valve

Gas Filter ventilation valve

Eypass valve 139 Gas Filter

NISINNINNNNYY

sarmral eas pipe e

Area 4
GT11 Enclosure

\Gas Flow meter

(Control valve NBLA1 Enclosure

e valve nau Enclosure

18 pioe line
as ploe Line

Arca s
GTi2

Walve TRILIR | Prossure geupe (01 Fileer]

Walve Mir1 Pressure tesnamiter (i1 Filierd

Bypass valve N9 Gas Filter

Valye N0 Gas Filter

Purging Nitrogen (N2) valve

}Gas Filter drain valve

lGas Filter condensate indicator valve

Gas Filter ventilation valve

|Bvpams valve '-rE 1 Gas Filter

NIAANNNY RN

Matural g pip linc

Arca 6
GT 12 Enclosure

(Gas Flow meter

Control valve MDA Enclosure
e

N

Vent valve |1E]1Jl'1T1 Enclosure

Natural pas pipc linc

|

Remark
Normal Abnormal

Notilication Descriplion:

In Casc of Abnormal , Please Issuc Natification

Notification Number:

Recorded b

Verilied by .

{Shutk mclr

(Mlsaoudaomusse)

FW-OPT-14-01 Rev.02



. Monthly Gas Leakage Check T GNRV1
f ant
~'GULF e
. ’ -
(M/R Station - GT Enclosure) Pae: 22 / /%
Description : Please check Nawral gas pipe line accrodding area of gas pipe line
Area | : Line Natural gas afler M/R Station
Arca 2 : Gas Compressor
Area 3 : Line Natuial gas of fuel gas heater
Arca 4 : Linc Natural gas after fucl gas heater to GT 11 enclosure
Area 5 : Line Natural gas of fuel gas heater
Area 6 : Line Natural gas after fuel gas heater to GT12 enclosure
Narural gas pipe line check Leak check Surface check
Ared Leak No leak Remark
Equipment Normal Abnormal
(LEL > 0%) (LEL = 0%)
Area | Valve 80N Gas Metering L
M/R Station Natural gas pipe line
Area 2 Inlet and Outlet Gascomp No.l 2
Gas Comp Inlct and Outlet Gascomp No.2 / &
Valve NOUIAN Pressure cauge (NBU Filter) /
Valve NBULI Pressure transiniter (U Filter) 7=
Bypass valve N8 Gas Filter /
Valve 18111 Gas Filter /
Area ]l Purging Nitrogen (N2) valve /
GTII Gas Filter drain valve /
Gas Filter condensate indicator valve /
Gas Filter ventilation valve /
Bypass valve ¥a3 Gas Filter /
Natural gas pipc line
Gas Flow meler p
Area 4 Control valve 19U Enclosure /—‘
GTI1 Enclosurc [Vent valve A9UI11 Enclosure Z
Natural gas pipe line
WValve N1 Pressune gausc [(M0Y Filter)
Valve NBUMN Pressure transmiter (A9 Filter) L
Bypass valve N1 Gas Filter /
Valve 1oUI41 Gas Filter /
Arcas Purging Nitrogen (N2) valve 7
GTI2 Gas Filter drain valve /.
Gas Filter condensate indicator valve Vs
Gas Filter ventilation valve /
Bypass valve Y124 Gas Filter A
Natural pas pipe line
Gas Flow meter
4
Area 6 Curtrl valve fEVH1 Enclusure /
GTI12 Enclosure |Went walve fiBUI1 Enclosure /
Natural gas pipc line
Remark: -
In Case of Abnormal , Please Issue Notitication
Notification Number: — =
Notification Description: =
Recorded
Verified t

(Shitt Leader)

TUsaloudeqaus339)

FW-OPT-14-01 Rev,02
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SECTION A-A

WASTEWATER RESERVOIR

T 1182 Mddndnusaiuniivedasmtsdliimuessedos |
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A1ANUIN U-02

GRELNETY



GMRV1 Safety Statistic 2019 2020 2021  Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22 f Accurmulate
EMPLOYEE
L. Average number of employees MAA 26 26 26 24 25 26 26 26 26 26 26
2 Risk hours / Man-hour MAA 36,193 | 53,884 | 48,6098| 4,084 | 3,912 | 4656 | 4,321 | 4,367 4,362 25,702 160,115
3 MNurnber of Fatal accidents 0 0 0 0 ] ] 0 0 0 0 0 0
iy Number of Accident bedily injuries > 1 Lost workday 0 0 0 0 ] ] 0 0 0 0 0 0
5. Mumber of work leave days 0 0 0 0 ] ] 0 0 0 0 0 0
6. Mumber of injuries requiring first aid 0 0 0 0 0 Q 0 0 0 0 0 0
T. MNumber of injuries reqguiring doctor assistance 0 0 0 0 0 Q 0 0 0 0 0 0
8. MNumber of days worked since last lost workday injury.

876 245 366 365 31 28 3l 30 31 30 120 1127

(beginning with next shift worked after lost time accident)
9. Date of last lost weork day injury M/ N/A N/A N/A /A M/A MN/A M/~ N/ M/~ M/~
MOMN EMPLOYEE
10. Rizk hours / Man hour MR 67,102 | 77,892 | 67,546 | 5672 | 6,790 | 6,369 (26372 6,346 5,589 57,138 269,678
11. Mumnber of Accident bodily injuries > 1 lost workday 0 0 0 0 ] ] 0 0 0 0 0

12.. Mumber of werk leave days 0 0 0 0 ] ] 0 0 0 0 0
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msmqmmﬁﬁuﬁ's (Land Surface Temperature)

Tnglddayaainariiies LANDSAT-8 suu TIRS
USaulAsIN1s sl R1uB 952389 1 AMUANUDISTLIEY
DLNAUDIUATINIVAUT AIUIAUATIIVEUN

16 NWN1AN 2562
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1. aAnuduuivesnisinen

Wesnndninnuiawinalulageinmauaziiasaunaeannisumsy). anea. Wsun1sinmieain
Ut Lowealed wauesme’s n3U(Uszmdlne) $1ia TidudunsiiesziuasUsvananatoyanauniusen
Tnauanaduguugiiuiia (Land surface temperature) musefussanwa@oa usiaalasinislsslih

MUBITEEd 1 Liauaninuuanaesenitgaun)iivuiusnalasainsiseniuagiuilndifsdagsey

1% '
& =

Fedrwlnguiunwadsznounisgaainnssy Hulinensnssy wasurasguyy Medielddudeyaiiugu

VosguuINURIT NN Tagluun 16 wouniau 2562 Ussmelneiionnianunifaunidausiandseme

Y

=

Inenauuu FauinanuinuanunaeIniegaitdawsnUssinauusiunaquussmelng

2. Tassnslaglnimuasszies 1

Tassmislsslufivuesseiios 1 1 Julsaluidhszuu (Co-generation system) Inelasenisiifndang
wARlifn geanUszann 137 wneing Tethgeaauszana 20 du/dalus gl diudeldagdssminglity
nsbihdendauvisyseinalng (N Uszanas 90 wnedad Tdnelulaseinisussunu 4 wnedng uay
Sheliiulssnungluamgaamnssuasud Ussana 43 wneded danledfindelstivmnazdssiieg

Tifulssnunigluwngnaimnssuasuissaly

2.1 Anuduun

Tassnsladlwiivuesssides 1 andiunisiaeudum dail WBuens 1 9in wazusem dail 1Buensi
2 $1ffn iflendmnszualiiufiudusesfuaudosnsldnssualuihanglulasinng wagdmineliiunns
IntfhdenBnuissznalne (i) waglsanumelungeainnssugsund uenainindndusilugvesle
ih (Steam) filFannlasinisazinisassmneliiulssnungluangramnssugsufidui

faillassnsiinszuumandnuuundsnusig vie Tanuweisdu Aimslifessaumidudomas
¥iaifer dasznoudegunsaiddnal 1) infestuiialwiihieiufte 2 9a wuu Dry Low NO, Burner 2)
wisoawanlotn (Heat Recovery Steam Generators : HRSGS) 2« 3) in3esiuiialuliindsiuloth 1 4a Tne
wldndndudilaun nszualiin lod Tnsaunsondauagsminelifulssnugnamnssunieluaiy
gnamnTINY anszudliihazgndsinussuuansds aunm 115 uay 22 Alabad dwsudewdedililuns

a A e

HAnABMwETINYIRNUTEN Uan. I1fin () laglduSinaniemaanszunm 23.3 dugnuiaiue/iu

dnnldredasinsduihfuiuananuitiyaludniuidiyaisnsnisinalidesndn 1.90 gnuieiiuns

1%
o a

yuAvB g anesani1sivnasnyial TasuSunue1uAvyinu 810,889 anuiAfuns Ysuadeinuifu

Isalnfivueaseies 1 vuin 5,268 gnuiAfiums

LANDSAT-8 szuuTRS

DIUATINVENT JWWIAUATINVEANT 16 NOwNIAN 2562

2 [ nsvnqamgiiiiudn(Land Surface Temperature) Tneilddeyaannaniies

IlATINSE s NUe I8l uanNUaITEIes 9LNE




dhunouwcuuninalulagasmAta:nDansauind (eonAMmsuKIBU)

NS SANUD 2NEFN J LAsUDaNSsU

E-mall: infc stds orth | Tel O 2141 4444 | www gistda.or th

2.2 iR

Tassmalsdluihmuesssdes 1 fegsuanuatsnios sunedlesuassedin fmiauasmadan 3u
mavansvaneia 224 Taedtuiidead sdrundeluiiuazssvudmasiiufiatuayuli aeluon
gnamnssuasus lnelassnslaslaifinuesssios 1 voswidn fafl 1Buendd 1 $1ia fiiledilaesiu 173

15 2 979 28 m15719731 (277,712 $15719:495)

3. szuunanlniuaza1uiousau (Cogeneration System)

svuulaiauiueisdu ( Cogeneration) AeszuudlsdndandsnuluimIondsauna uazinnsle
Ustlostmnndsrunnufeulurusfontu lnsedoidomduaaiottu Gasiliduumandamdany
Tusafignninssuunssandue

walulagszuundandanuanudousin wialu 2 sUsuy audnwaensiinu Aasanliain
Sdumsthndsnuanudeululdusylend ssuulamuueisduindnsuu (Topping Cycle Cogeneration)
Aesvuuiindandsnunaneu udhndsmanufouimdellivselovd dussuulanuueisduigings
(Bottoming Cycle Cogeneration) axdin1sinndssuanudeuldldusslomideuiivgndandaruluiivie
NARUNG

Gensialulafusarsuuuuinsiululdoudy Juegifunumnzauvesusasanulsznaunis
Tnsfinnsanansiavendemdsiinly aunmvemdsuanufouiifeinis dnvaeznisldanuiounas
Iylihweslssans namsldou fuumsneat wazoulusudsnnden 1Wudu

3.1 szuulauuaisdusiindeiulayl

sruuiiniusznaudie wiestudale wissiwiulet Tngldiemdunan Mevdodomauds

a

dnnisvhauie Wemdsegnloudgioasnludifieliemdouniinluados fudaleth ddldlethean
84 (Superheat Steam) gamginazenudugs lothagluduideafaiulotldfdunan feaunsnily
Tuintesiionasnag wu u reumsawes viewdsusuiduluinlneduiriasiudnliih dnlethileanan
iwsosanunsathlulilunszuaunsudnsioly

3.2 szuulauiaistuviinfwiufine

fndnmavhaufio Asumsaeiazdneinimanmeuen wasidigresnlll Woindaazgnin
dsmautuemanazgasudn iAafsseuninninmn ity Ssagvenefiuniosiatufing wnuvos
inseafsiufmazdeluduindostuluiin iondanszudlyiii drufwouivdesandsiufneaziigamy
Uszana 450-550 ssrnwaidea fedouianisailuldduunadlinnudou iondalethfinnudumg

v lUItlnensuneldlunssuIuNISHER

3 [ nsvqamgiiudn(Land Surface Temperature) Tnelddeyaainnaiioul ANDSAT-8 szuuTIRS
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3.3 szuulAuLaLsTuriaiAsoseun i lusintalu

szuvlannsandslimuuszianeiesoudidu 2 vlia Ao wSeseud Spark-lgnition Engine ax14

v
IS a

WowmdunamdeiwsssusAdudemas uaziadesaud Compression-ignition Engines axldvnsfusiwa

v
) o w

visoufumfudomas ndsuindalaoglugas 100 KW. 85 10 MW, ndsauanudeuiioanineglusy

vosfigleds uindedudeausavinfiundedu danisimdsnuanuseuldldensldaiu Waste Heat

Y

Boiler lunsudslotwsetngou

4. NMIAUIUAIIUNYINUEL (Surface Temperature) 3MNTayaA1LTEN LANDSAT-8
4.1 WunAnw
Tasanslsaluiivuesseies 1 dvanuessedies gunellewassvdin Jwdauassvdun dey

& A = & ! [ dl' & H
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Tssluaziunlagsoulassnisisslnin dennid 2 Tnediamieuazianziunnfnsodiuiuiinesenis
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¥ A a [ a 1 [y

Wauaglulngaainnssuasuns (Jagduldnuiviinisinuns (lssfudrUsuds) Arnziusaninnonu
lasanstselniiivuesseies 1 Aaldaaseduauuluungnainnssy faludunufninesaniswaiun
a a & b %4 1 = % 6 a 1 =
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5 [ nsvneamgiiudn(Land Surface Temperature) Tnelddeyaainnaiioul ANDSAT-8 szuuTIRS
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4.2 Fumsunsiinen

4.2.1 fayaniteuitldlunisinen

fouaanaaiion LANDSAT-8 TIRS, Band 10 (manuemiadu 10.60 -11.19 unlumns) siFedranau
unlsnsanufou (Thermal Infrared) Path/Row 7 128/50, nnandrenimuseana 1an 10:31:10 wiinN
(anUsznalng) fauazideavosnin (Spatial resolution) 7 100 wes (luvae# Band duq 1¥un
band1-7 uag band 9 aziruaziBennini 30 was MeazBeadimised 1) Fadutaduiianldly
nsvnengamgdaaiiu (Land Surface Temperature : LST) winniassnisvuesssdes 2 waeiuilndidss
Tneidonteyaninaadion LANDSAT-8 Tusuil 16 wquanau 2562 nandieainuszanm 1ian 10:31:10
wiin1 (aUszmalne)
A998t 1 uansseavisen Satellite Sensors 4es LANDSAT-7.8

Landsat-7 ETM+ Bands (um) Landsat-8 OLI and 77RS Bands (jum)

30 m Coastal/Aerosol 0.435-0.451 Band |
Band | 30 m Blue 0.441-0514 | 30 m Blue 0452-0.512 Band 2
Band 2 30 m Green 0.519-0.601 30 m Green 0.533-0.590 | Band3
Band 3 30 m Red 0.631-0.692 | 30 mRed 0.636-0.673 | Band 4
Band 4 30 m NIR 0.772-0.898 | 30mNIR 0.851-0.879 | Band 5
Band 5 30 m SWIR-1 1.547-1.749 | 30 m SWIR-I 1.566 - 1.651 Band 6
Band 6 60 m TIR 1031-1236 | 100m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 11.50 [2.5] | Band 11
Band 7 30 m SWIR-2 2064 -2345 | 30 m SWIR-2 2.107-2.29% Band 7
Band 8 15 m Pan 0.515-0896 | 15mPan 0.503-0.676 | Band 8

30 m Cirrus 1.363-1.384¢ | Band 9

foyaanaadioy LANDSAT-8 fildsudeyananilsudyaramiiioniiinniinse udoya
level 1 Fasinunszurunisuduuivis Radiometric uaz Geometric Correction eellusnwaszdeya GeoTIFF

Format

7oL ANDSAT-8 szuuTIRS
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4.2.2 3§m'§ﬁ’lu%mﬁ1qmwgﬁ1ﬁuﬁ’nau (Land Surface Temperature)
Yoyantaiivn LANDSAT-8 TM, Path/Row # 128/50 1deniannzaias band 10 fignuiuudaang

AARLAREUNINTAERSIET AgninnAuIn WemAgaminuiIuTnlasanlsdliihvuessedes 1

wariuNbnaAes AalsieazdenmuTunausall

1). waeuen Digital Number ON) vesdeyaana1aiiesLANDSAT-8 TRS, Thermal Infrared
Sensor (band 10) lu.fuein Spectral Radiance aawnsd 1 (USGS, 2013):

aunsi 1 L, =0.00033422x DN +0.1

dle L. #e a1 Spectral Radiance Svniaendu W/(msterum)
DN A ¢ Digital Number vesdioya band 10wuaedu W/(mZsterum)

2). wasuen Spectral Radiance Tuiuen Brightness Temperature, Ts (3o Black Body
Temperature) suaanuduiius faamunsi 2 (LANDSAT Project Science Office, 2002)

_ K
In(Klﬂj
L/I
dle Ty #e e Effective at-Satellite Temperature swiae Kelvin, K
L), 7o e Spectral Radiance Swwiaendu W/(m2sterpm)
K2 uaz K1 #e an Pre-launch Calibration Constant @sfvvundwiudoyaainaiaiien
LANDSAT-8 TIRS ¢l

M3l 2 waziBeateya (Metadata) dwmsu TIRS Thermal Band Calibration Constants (U.S.
Geological Survey, 2013)

AUNISN 2 Tg=

Constant (Unit) Band 10 Band 11
Radiance Multiplier 0.0003342 0.0003342
Radiance Add 0.1 0.1
K1(watts/(meter squared * ster * um) 174.89 480.89
K2(Kelvin) 1321.08 1201.14

7 [ nsvneamgiiiudn(Land Surface Temperature) Tnelddeyaainnafioul ANDSAT-8 szuuTIRS
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3). Agamgiiluaunistheuuaziduenfignsdeann back body ﬁ’aﬁ?mﬁammémmﬁﬁuﬁﬁuﬁ
wViase aedasidsfanmsuniiaiannasnequiiuia (spectral emissivity according to the natural of land
cover) ann Snyder et al. (1998) I¥iauanisduiamen oUiuudonmninisuanudesdiiuii
(emissivity corrected land surface temperature; Sy Fafnunnunueuduniug faunisi 3

(Artis& Carnahan, 1982)

aunisn 3 S, =

dlo St #o Agamgdiui wie Kelvin, K
Tg o e Effective at-Satellite Temperature wuae Kelvin, K
A fe mweneduves Emitted Radiance dudenldrnansit A = 10.6pm

g o Anadsnmsuanudendsndu (Spectral Emissivity) anndiufianuusingg deendlidentdlu

auns au150g9aInAeR 3 Bsindldlunisdn 9614 € = 0.969 (Arid bare soil/Urban)
p  dlawiniu 1438 x 102 m K, Lﬁuﬁwﬁlﬁmmﬂmmé’uﬁuﬁ‘p=h><%
dle h = ehasiives Plank (6.626x10% J-s)
C = anudawesuas (Velocity of Light) (2.998x108 m/s)
s = nsiives Stefan Boltzmann (1.38x102 J/K)

8 [l nsvneamgiiudn(Land Surface Temperature) Tnelddeyaainnaiioul ANDSAT-8 szuuTIRS
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A131991 3 ANRFYAILANIATEINTITHKSIAINFIUNAgUNUI LAz Ylln dmTudeyaniiiiey

MODIS band 31 and 32 (Snyder et al., 1998)

Mean Emissivity (&)
Emissivity Classes Green Season Senescent Season

10.8-11.3um | 11.8-123um | Average | 10.8-11.3um | 11.8-123um | Average
NeedleForest 0.989 0.991 0.990 0.986 0.988 0.987
Broadleaf Forest 0.987 0.990 0.989 0.968 0971 0.970
Woody Savanna 0.988 0.991 0.990 0.975 0978 0.977
Grass Savanna 0.987 0.991 0.989 0973 0975 0974
Sparse Shrubs 0972 0975 0974 0970 0.976 0973
Water/Wetland 0.991 0.986 0.989 0.991 0.986 0.989
Organic Bare Soll 0977 0.982 0.980 0977 0.982 0.980
Arid Bare Soil/ Urban 0.966 0972 0.969 0.966 0972 0.969

4). Aunamagumgiilumhewailos 91nANuduTus

Centigrade Temperature (~C) = Absolute Temperature (°K) -273.15

Y

5. HaN1SANYIAUMYANURIAY (Land Surface Temperature)

5.1 YoyaguuiiNurIay 310 LANDSAT-8

[
a

ToyagamgiuiiAuninboluesmwadea dsldannsiunaluyiediu azgnihunfvunnd
vosurazdisgungll laefmund1dunsniadu (Class Interval) vesgaumgiudazdrclnviiy 1 osen

ALY PILANILUNINT 3

- S - o = - s < < - .

oy <f uy el r— o on i o oy of uy el r— o« o < i o

o4 (] o4 o~y ] (3] o “y «y o« “y oy o« “y o« o« “r <f «f
' ' ' ' ' '

n 2200

‘e
(s

q 3 < -2
< oy of uy
oy <f <f <f

' ' '
< [~ < < < [= < = < < < < [~ < [= [= < <
3 < < < < < =] < < <& <& = < = <& < [ < [=]
[ c ) u el — < . =1 i o ] of uy e 2 4 ] o o3 of
5 N | “ | o~ 5 & & al o« « R & « & o o “y “f o \1) J

A 3 uanstaedunsniaduClass Interval) uazdfiunudnvesdgamgiusazedi

(= <
< <

=) < <
< o <
& &

1%

aumnddiuiiadiu (Land Surface Temperature) vsinlassnislssluihmuasssdos 1 uasiiui

Tn&ifes Yufl 16 wquanAy 2562 fanwdl 4 - 5
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qmqﬁﬁuﬁ'ﬁm (Land Surface Temperature)
Tralvifhwmuneszfios 1 duanuoeszdes Sunalarinyiu Sawiaunssufuuasiudindifes
doynaaufiuy LANDSAT - 8 12Uu TIRS , wuud 10
Full 16 WunIRY 2562 1IM 10:31:10 W, (Usznalng)

OSN3 1010 (CarTy

A o
gempitril iy
Land S face Vomgamatre|

e i (Ceicioo)

-

LTI

TTTTTTTT

- I

|, goagituddmnknndoyasdiion LANOSAT-8 Winahdiimns=don 1.2 ussimailiniey
TnofuitABoamgDys uertdwfimdou EnBosbuans) Wi fuftyumudion srwnsnounts mubuDalis waslidvivm
dniniiigamgiin womkaoTTmadu @hadudeien) e il fRvunngeiu fufinwwinss uasunsnh

¢ iy Saynsnaridiod Landsst 8 Tuil 16 wowmm 2562

Sy, Sevrrenslasesdnales 140 & 330 st ¢ assaaghil delivmld Levls rumsasbes | § corentes bareue

. wriday
e - —t A Wk rinamduan i el
fobuwlcgfineal LEGEND ,\m.{_ = - o— ll::‘nv TS ST
Adibalrivrusnnio o i ki ronelte 47 snrhg 5,000 W ArinenammusnniuiaBoren muasglemann (nefn T
wiudsendentn 5 Uity = wefl 120 wg 3 e renberrens (e B) $u 6 waedu 7
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Fmingminy aTUy WGS 1088 R HD v gistdaonth  E-mad  infoggistda or th

Al 4 gamgiinuiaAu (Land Surface Temperature) TassnisTsslwihmuasssdos 1 wasfiuilndifAss

ndeyanaiies LANDSAT-8 TIRS, band 10 sufinnmiilefudt 16 wauanau 2562 1an 10:31:10 1.
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ol o o
qouniinub2Au (Land Surface Temperature)

Tralifwunersdine 1 duawunesziiss Sunadlowunsneilun Sawdnunsmeiinuasidilndides
dayaa1ion LANDSAT - 8 szuu TIRS , wuud 10
Fuil 16 wwntru 2562 13 10:31:10 . (Uszinalnp)

AT, AT MY

ad & o
Ty
1l andl husforw Tomgoeotael

B e it

LTI

T

| g Iinmnieindoyan i LANDSAT-8 uinalsdvimmsaslos 1.2 unsiuillaoseu
TnoituitiBoampligs wemidraTinudou (RivBosBun) W Mudtyuvudor svwmssaunte suludelss sasisaliin
dnvitiligamglien wamidooflmaly ((daduBulor) W ful fERwunaguiy fuflinwwinass unsuwsnh

| Mwilos iR (ngnrﬂun\ﬁuu Landsat 8 Tuil 16 wownnu 2562

B I T e . I T L L R e ] O Y
wwTdI
= — e SE VTR Y o gy » vad ebnAndnfon iy wadiahAi
fetuwicgiinwa LEGEND S’ Caiees dnimhegndasrinngldenmane
T X WO T ° Thnd = TR . drdamalwurmaiuladomnussgdaneunn (eidn o)
wulsendowie Mn (“‘l' veenin 47 Seuzvine 5,000 wey wel 130 ¥y 3 EmTrrswulseYen s [eonn B) oo wnsty ?
RN A B eyt minmoieundineed é - ouuudrinus wanfennedes wavdnd rame 10210
anuiesadws gk darvemnlmnmbunea ISTPA Tovadford : €4 (0)2 1432324, Ttsws ; 060002 1835409
mmdngmn UL WGS 1084 UL http/ v ghtoaorth  E-mad ; infoggitda orth
z:' ad a a v ~
a i 5 gungiiniuiinu (Land Surface Temperature) dogaarnaraiies LANDSAT-8 TIRS, band 10

UufinamidloTui Jufl 16 wguniau 2562 douriufiunmanausssud Jeyaainanadisy LANDSAT-8

Tufinawiudl 16 wwana 2562
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mnamgamniituiafu (Land Surface Temperature) vinalassnislsslaifivuessziios 1 uagiiui
Tn&iAes Tunnil 4-5 wansauuanssvasgaugifiuiAuiitusgfunislivssloviifuuasAsnaquin

T9og19taau nnmaztiuladn

Twiud 16 wawnAu 2562 Usuiunfnwilasinistseluinvuesseiss 1 uaziunlnaifes dan

1%
=

oY

gamgiiuinAuegsening 27 - 30 esenadoa lnefiuiinunsnssy wiad fuigudn azdidgumgl
fuRandeyanruiien egszning 25 - 27 ewwaldua

(%
a

drutinnlsnugramnsy wissuey vieuifiiiuidsnaquiduneunin 18 dingd fufu

1%
a a

Ualas wagNUNMLAYTEANI9NITNYAT wdfidngungifiuidulndifestuiiuiidiediu AoflAnegiuszanm

9 Y

28 - 30 A LwALTYE

Tngiunlasinslssliifimvuesseies 1 devgumgiedsening 26 — 31 ssmiwaldea

]

v '
al

NNANISANYIRINEaTT WaurAgamgiifiuiIAunlaaInn1sieTeilagdeyaainaiiiiiey

LANDSAT-g TIRS, wuwsi 10 wisuiflsuiurgaumaiiveansugaieniven anaaiendeuineuassvdun

¥
a

fuabuliies snellles Jminuasswdun Tudialanfeinu wmﬂmqmmﬁﬁuﬁ U V]lﬂ%?ﬂﬂ’]i’ll;ﬂi’]“‘ﬁ

a

lngdeyarnanifiguinduvensugaileninel fwm1sei 4

M15199 4 UARIAQUUNNANWAY (srLeaiya) 18 3 Talus veensugnlenine

Y

.o o o A LIAMINITHTID .
A01U/A9NI0 W/ heu/t LRaY

0100 | 0400 | 0700 | 1000 | 1300 | 1600 | 1900 | 2200
upsswAN/uasswawn | 16/05/2019 | 264 | 25.8 | 26.1 | 31.7 | 33 | 309 | 295 | 28 | 289
unsswAN/uasswawn | 17/05/2019 | 271 | 26 | 27 | 321|353 | 355|329 | 304 | 308
upsswdn/uasvawn | 18/05/2019 | 29 | 277 | 282 | 338 | 363 | 378 | 35 | 315 | 324
unsswAN/uasswann | 19/05/2019 | 294 | 28 | 285 | 34 | 375|373 | 34 | 314 | 325
upsT A uasvawn | 20/05/2019 | 30 | 286 | 288 | 334 | 38 [ 382 | 33 | 305 | 326
unsswAN/uasswawn | 21/05/2019 | 292 | 28 | 287 | 34 | 36.6 | 375 | 289 | 288 | 315
upss A uasvann | 22/05/2019 | 282 | 277 | 265 | 27 | 305 | 333|304 | 289 | 29.1

¥

wuewe | ¥ gaungfiquudis : Dry-bulb temperature qungiineulaanmeslufivnesquuiinie

Y 9 9

[
(%

wosludmessssun eansedlunf donAaiemausssud wazeglusunlignisdainaisending

JEBERR

12 smeaungiiuiia(Land Surface Temperature) tnelddeyaanenaileul ANDSAT-8 szuuTIRS

1UD 891 FNUANUDITEIEY DLNBLIBIUA JAUN VIINUATINVENN 16 WewnAL 2562



dhidnonuw cwuninalulagioomAnamUasaund (9oAMSUKIBU)

FINUN ANeFNEas 59d SSL

LONE1919D9
Artis, D. A, & Carnahan, W. H., 1982. survey of emissivity variability in thermography of urban
areas. RemoteSensing of Environment, 12, 313- 329,

Landsat Project Science Office. 2002, Landsat 7 Science Data User’s Handbook. URL:
http://Itpwww.gsfc.nasa.gov/IAS/handbook/handbook_toc.html, Goddard Space Flight Center, NASA,
Washington, DC (last date accessed: 10 September 2003).

Markham, B.L., Barker, JK., 1985. Spectral characteristics of the LANDSAT Thematic Mapper
sensors. International Journal of Remote Sensing 6, 697-716.

Malaret, E., Bartolucci, LA, Lozano, D.F., Anuta, P.E., McGillem, C.D., 1985. Landsat-4 and Landsat-
5 Thematic Mapper data quality analysis. Photogrammetric Engineering and Remote Sensing 51,
1407-1416.

Snyder, W.C., Wan, Z, Zhang, Y., & Feng, Y.-Z., 1998. Classification-based emissivity for land
surface temperature measurement from space. International Journal of Remote Sensing, 19,
2153-2574,

U.S. Geological Survey., 2013. Landsat Updates. URL: http://landsat.usgs.gov, U.S. Department of
the Interior. (last date accessed: 25 April 2013).

nsugaleuingl. wernsale n1AUsed1iun Used1iun 16 wauwa1Ay 2562 unasnun

http://www.tmd.go.th/daily_forecast.php
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msmqmwgﬁﬁuﬁfa (Land Surface Temperature)
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1. anulunvasmsine

idesndninnuiamimalladernauaznfiansaumeaesdnsume). anea. li¥unisdaseain
U3 Lowealed wauesmes (Uszwalne) irie Tdidumsiinsginazuszananatoyanduanuioulas
wanaJuguuginuia(Land surface temperature) wiaeJussansaifoa vinalassnislsallil
upsszies 1,2 ileuanimuuandeszringamgitufiuinalasmslsdiiuasiuilndifedassou

= 1

Fedwlng duiuiwauszneunisgaannssuiuiiinunsnssukaswiasuyuiilielddudeyaiiugiuves

1%
a 1

QUMHNURIYIYAMU (NA1LABUSUINAL)

2. asanslsalndivuessiies 1,2

Tasenislssliivuesseides 1,2 Wulsalwihszuu(Co-generation system) Inelassnisilindanis
wanlWih gagausztes 137 wiedad lovhgegaussanas 20 fu/dalus Tasluifiudeldaydes gty
nstifdnendauisusemalng (nne) Useaia 90 wnedns Tdnielulaseinisussana 4 wnedng uag
Sngliiulsnungluangpanssuasn? Yzt 43 wnedad dnlethiindsldiomnazdedming

Titulssnunigluwngnaivnssuasusealy

2.1 ananduan

TAsansisslninvueasyies 1,2 aufiunisineusom fan 1Bueisd 1 910n wasusom fasl Buens
7 2 $it ilewdnnszualiiiuiufnsesiuaudesnisldnszualiinnelulasans uazdmingliiuns
ntfhhenBauissanalne (ni) uaslsanumeluangpannnssuasud venanindadusilugivadle
ih Steam) Alganlassnsagiimadedmiglitulssnuneluangaamnssugsudiduiuy

faiflassnsfinsruiunmsnanuuundsnusin vie Tanueistu Ainslifesssumidudemas
yiaifer Faszneusegunsaldndnsd 1) infesdudalaihfetufng 2 4a wuu Dry Low NO, Burner 2)
wiowantev (Heat Recovery Steam Generators : HRSGS) 2 4 3) in3asinidalwihisiuloth 1 40 Tng
wldndndudilaun nszualii lod lnsamsondauazsmieliiulssugaamnssunisluay
gnamnTINT Banszualiilazgnaswiussuuaeds 1un 115 way 22 Alalaad dwduidewdsildluns

a A e

HARABMTETINYIRIINUTEN Uan. 311in (umvw) Tagldusunavemanszuna 23.3 dugnuianie/iu

dauhldvedlaseinisiduhaviuananuiiigalugiwiiiyaidasinisivaliddesndt 1.90 gnuiediuns

1%
o

wnuliliiieswedenisldnaaniad lneusunaueiniuiifu 810,889 gnuiaduns Usunauennuifu

Isalviflmuesszdes 1,2 vua 4,748 gnuianiiuns

LANDSAT-8 s¢uu TIRS
uassdsn 10 Sunau 2562

Tituiia(Land Surface Temperature)ing!
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2.2 iR

Tassnslasluimuesssiios 1,2 fregiuanuesszios sSunediosuassiedin fmiauassiedn
Jumavaaaneian 224 taedfuiineadsdmundelniuazssvudaagiufiatfuayulnis anelue
gnawnssuasu’s Tnglassnslssliitmmesssios 1,2 fdefilassn 159 19 2 91w 42 s (255,368

FAITIUUAT)

3. szuunanlniuaza1uiousau (Cogeneration System)

svuulauiuaisdu ( Cogeneration) Aeszuuiliiidandsnulwivdendsnuna waedinisld
Ustlowtnnndsnumudoulunasioaty lneedoidomdundadentu Suagyilisumunimdendsmy
Tusafignninszuunssandue

walulagszuundandsnuaudousiy wiadu 2 sUuuy mudnvaznisiinu fansaléain
SfunnimdsnuanufeululiusslevissuulanueisduigdnsuuTopping Cycle Cogeneration) #e
syuufindandanunanoundnimisnuanufouiimieluldusslevd diussuulauueisduigingd
(Bottoming Cycle Cogeneration) azfin1stinwdsauanufeululduselominouiazndandsnulniivie
NARUNG

GemaihalulaBusiarguuuuisiullFnuiuiuegfuamnumnsauresusag aniuusznaunis
Tnsfinnsanansiavendemasiinly aunmvemdsnuanufouiifenis dnvaznisldanuiounas
Iylihweslssan amsldou fuumsneat wazloulusudsnnden Wudu

3.1 szuulauuaisduriadeiuleth

szuvrilniusznaudie wn3eatidalet wdsstwiileth Tneldidemaanan fevdoidomauds

a

wann1siauAe Wemdszgnleuihgviesnnlndifialiauiounwntilunies Audaleus alaletein

84 (Superheat Steam) figamgfinazarudugs lotagluduadosiaiulathldmdana feamsauily
Fuirdeailenasn wu I peunsaes w%am?iwgﬂL%Julv\lﬂﬂ@sﬁi'fum‘%mﬁ'}Lﬁﬂl%lﬂﬁ dnlothiteanain
wsesanunsaihluldlunszuiunmssandely

3.2 szuulauesduriinfeiufine

fndnnsvinufe Aeumsawesazdnernimainaeuen wasidigiounlud \Woindsazgnin
dnuaufueniawazansada afeouanniswlnddu Faasvenedinuedostaiufaunuves
insesiaiufinwazsielutuiniastiulin endnnszudlniih drufrefeuiivaesanieiufinvazigamadl
Uszanas 450-550 asriwaidea fedouiiannsaluliiuunadiaudou iendnlothiinmuiusg

e lUldlnensunaldlunssuIunSHan

LANDSAT-8 s¢uu TIRS
uassdsn 10 Sunau 2562

Tituiia(Land Surface Temperature)ing!
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3.3 szuulauuaLstusiaiasasgudkiluginielu

szuvlannsoudslaniuussinniniesoudidu 2 vl fe wwiessud Spark-lgnition Engine av14

v
IS a

Wowmdaunaivieiwsssunmdutewas uaziadesaud Compression-ignition Engines agldvinstusiua
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) o o

visoufuanduiomas ndsnuindnlaoglugas 100 kKW. 85 10 MW. wdssupauiousioanuneglugy

vosfgloids unasiwdeguuaviidunasiu Fansdmdanuanuseululdenaldeaiu Waste Heat

Y

Boiler lunswdslotmsetingou

Y

4. NMIAMUIUARUNYANURY (Surface Temperature) 3MNTaYaALTAEY LANDSAT-8

4.1 WunAnw
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-8
@ drslaremislsalvii
- WUINUAIRENE
TR IR TR ST

2NN 2 Mnweneusnalasansisdbidiruesseied 1,2 fuanuesseiies 91neaauAsENn 39
uAs AN waziiuilagseulasenstsali(@eyaainaadion LANDSAT-8 OLI, band 432 tudinawiui
10 Surau 2562)

4.2 dumeunisfine

4.2.1 doyamufienitldlunisine

foyaanaaniies LANDSAT-8 TIRS, Band 10 (ra1signimdu 10.60 -11.19 unluiums) wievasndu
sunsusaaudeu (Thermal Infrared) Path/Row % 128/50, naneneniwuszanas 11an 10:31:53 uriinn
(haUszinalne) fauazidoaveanin (Spatial resolution) 7 100 ey (luvaz# Band duq 1¥un
band1-7 waz band 9 axfienmaziBuanind 30 wes MeazBeafwsei Diadureeduiitenldluns
mergumgdfadu (Land Surface Temperature : LST) uinalassnisnusssziios 1,2 uasfiufilndifss
Tneidondeyaanenaion LANDSAT-8 Tufuit 10 Sunau 2562 ansnenmuszana 1ian 10:31:53u1iin0

(anUszwmelne)
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A15199t 1 wansswazisenSatellite Sensors ves LANDSAT-7,8

Landsat-7 ETM+ Bands (um) Landsat-8 OLI and 77RS Bands (jum)

30 m Coastal/Aerosol 0.435-0.451 Band |
Band | 30 m Blue 0.441-0514 | 30 m Blue 0.452-0.512 Band 2
Band 2 30 m Green 0.519-0.601 30 m Green 0.533-0.590 | Band 3
Band 3 30 m Red 0.631-0.692 | 30 mRed 0.636-0.673 | Band 4
Band 4 30 m NIR 0.772-0898 | 30 m NIR 0.851-0879 | Band 5
Band 5 30 m SWIR-1 1.547-1.749 | 30 m SWIR-I 1.566 - 1.651 Band 6
Band 6 60 m TIR 10.31-12.36 | 100m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 11.50 1251 | Band 11
Band 7 30 m SWIR-2 2064 -2345 | 30 m SWIR-2 2.107-2.294 Band 7
Band 8 15 m Pan 0.515-0.896 15 m Pan 0.503-0.676 | Band 8

30 m Cirrus 1.363 - 1.384 Band 9

v =

foyaainanuiion LANDSAT-8 filssudeyaananiiudyanunifisniitaniesesidudeya
level 1 Fsrinunszuaunisusuudinig Radiometric waz Geometric Correction egludnwauzdouaGeoTIFF
Format

4.2.295n13AMUUARUNATNURRAY (Land Surface Temperature)
Yoyantiion LANDSAT-8 TM, Path/Row # 128/501dentamnzeas band 10 fignusuuiaany

¥
a

AAAARBUNNNTAARSIE AvgniunAILI WemAgauniuEIUT nalasinslsslniiivuesseies

1,2 waziunlnalfes Aeils18asidennIuTunaunddl

1). waeuen Digital Number ON) vesdeyaanna1aiiesLANDSAT-8 TRS, Thermal Infrared
Sensor (band 10) lu.fuein Spectral Radiance aasnsd 1(USGS, 2013);

aunis7 1 L, =0.00033422x DN +0.1

dle L. Ae # Spectral Radiance fivaedu W/(m2sterpm)
DN @ ¢ Digital Number vesdioya band 10wuaediu W/(mZsterum)

2). waensn Spectral Radiance 1uiduen Brightness Temperature, Tg (3o Black Body
Temperature) muaanuduius faamunsi 2 (LANDSAT Project Science Office, 2002)
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K,

aunsi 2Te=—7 "~
U159 2 s K,
Inf| —+1

A

dleTdern Effective at-Satellite Temperature wiae Kelvin, K
L,Aeein Spectral Radiance fiwuaedu W/(m?sterum)
K2 uaz K1 #adn Pre-launch Calibration Constant 3ainnundinsudeyaainaindioy
LANDSAT-8 TIRS sl
A519il 2 1avtdeadoya (Metadata)drwsu TIRS Thermal Band Calibration Constants (U.S.
Geological Survey, 2013)

Constant (Unit) Band 10 Band 11
Radiance Multiplier 0.0003342 0.0003342
Radiance Add 01 0.1
K1(watts/(meter squared * ster * um) 774.89 480.89
K2(Kelvin) 1321.08 1201.14

3). Agamailuaunisdrsvuazduaiidrsdann back body dsfuifiomeArgumginufiafud
W3 azdesiilsfanmsunsdindsnaquituia (spectral emissivity according to the natural of land
cover) a1n Snyder et al. (1998) I¥iausnisduinmen dWousuudgumginisanUdosiifiuia(@missivity
corrected land surface temperature; Sy dafnunnunueudusius dsauntsd 3 (Artisé Carnahan, 1982)
TB
1+(1XT% )In ¢
P
lo St Ao dgrumgfiiuia niae Kelvin, K
TeAe a1 Effective at-Satellite Temperature wiae Kelvin, K
AAe avwemaduves Emitted Radiance dadenldenanssi A = 10.6pm

gfo Anadunisuanudesidandu (Spectral Emissivity) annfufinuuusineg Ferfidentdly

aunsn 35, =

auns @159 l9anAeR 3 Bsindldlunisdnn 9614 € = 0.969 (Arid bare soil/Urban)

p e 1438 x 102 m K, Lﬁuﬁwﬁiﬁmmﬂmmé’uﬁuﬁ‘pzh><%
dle h = ehasiives Plank (6.626x10% J-s)
C =amisrvesuas (Velocity of Light) (2.998x108 m/s)
o =ehasiives Stefan Boltzmann (1.38x102 J/K)
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A13197l 3AeAsnug)nareIn TS dndeunaquituRowsazyln dmsudeyanraiien MODIS

band 31 and 32 (Snyder et al., 1998)

Mean Emissivity (&)

Emissivity Classes Green Season Senescent Season
10.8-11.3um| 11.8-12.3um | Average | 10.8-11.3um | 11.8-12.3um | Average
NeedleForest 0.989 0991 | 0.990 0.986 0988 | 0.987

Broadleaf Forest 0.987 0.990 0.989 0.968 0971 0.970
Woody Savanna 0.988 0.991 0.990 0.975 0978 0977

Grass Savanna 0.987 0.991 0.989 0973 0975 | 0974
Sparse Shrubs 0972 0.975 0974 0.970 0976 | 0.973
Water/Wetland 0.991 0986 | 0.989 0.991 0986 | 0989
Organic Bare Soll 0977 0982 | 0.980 0.977 0982 | 0980

Arid Bare Soil/ Urban|  0.966 0972 | 0969 0.966 0972 | 0969

4). fuamAgmgilumbeowalded :1nANUENTS

Centigrade Temperature (~C) = Absolute Temperature (°K) -273.15

¥
a

5. Namiﬁn‘w%hqmugﬁﬁuﬁ 20U (Land Surface Temperature)

5.1 %aagaqm fiWuRiafu 910 LANDSAT-8
UK

1%
ad

yagamgifuiiduitwmhefussaieaidoa ddlsannsdunlutisiu szgninndmunda

Y

vosurazdrsguugll lnedmunardunsaiadu (Class Interval) vesgaumgiiudazdrclniiu 1 osen

WAL PakANILUAINT 3

R - T
5 i H 5B 5 ¥ 5 HE 5 8 5§ 85 5 5 5 5 5 5 £ =5 H 3 :

o ..J 1 B - - =t S S= S - - .{ I = = = (s R = = -7
i ] i i Wl ] il "y "y "y Ll i "y "y il Yy |l'|| el wr wf -n‘ I-i I-l' .

= 0 0 L [l P

L = 1 9 kB A

llllllll]ﬂl]jl H ‘[ \ H H JDDI-IIII

A 3 uanstidunsniaduClass Interval) uazdfunudnvesdaumgiusazas

= r'.

gaum Qﬁﬁ Aadu (Land Surface Temperature) vinadasenistssluifimuesseBes 1,2 uaziiud

9

TnalAssiun 10 UIAU 2562 mm‘wm 4-5
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| Tel O 2141 4444 | ww

Qmﬂqﬁﬁuﬁ'zﬁu (Land Surface Temperature)
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1. anulunnvasmsine

idesndninnuiamimalladernauaznfiansaumeaesdnsume). anea. li¥unisdaseain
U3 Lowealed wauesmes (Uszwalne) irie Tdidumsiinsginazuszananatoyanduanuioulas
wanaifugamgdinuia (Land surface temperature) wneussmieadoa vinlasenislsdluiimuessy
F89 1,2 lenansauusnineszivgamaiiiuivinalassnslslwihuseiuilndidedassou Sed

Tngiduituiiuausznaunisanainnssy Aufnuasnssy wazsurasuyy Meilieldiludoyanugiuves

gamaiinuiigegeiou laelutuil 31 Jweu 2563 Wurraddsuanusquaziusendewnile Wunsay

Y

[y

pzTunndedld wazsiduszesntilanuilaiult1nin9e19ing Tnsanizmouesuusnalsemaing daa

o fndeginaunssaseelunanesiy inlssumiusouanae indifud an1yeInFResauaus1iily

Y

2. Tasanslselniviuasszides 1,2

Tasemslsslnfimuesseies 1,2 Julsslwiszuu (Co-generation system) nelasansilindanig
WAgln geanUszann 137 wnednd Tothgeaauszanas 20 fu/aalus Tngliihinaaldasdssiung ity
nslidendnwisussmalng (nne.) Uszana 90 winednd Tdanelulasanisussana 4 wnedng was
Swhelvtulssnuneluangpamnssugund Ussna 43 wngies daulediindaldimunazdsiimieg

Ttulsanunmeluwngnavnssugsuissiely

2.1 ananduan

Tasanslaslifimuessziies 1,2 dndiunislaeuiey dal Wuensd 1 91in wasusem dal Wuensd 2
$1in ilenannszualninfindusesiuanudesnisldnszualsihanelulasens uazdmielitunisli
dhondouisUssmalne (nin) waslssnunisluagaavinssugsutd uenainindndusilusUveslen
(Steam) AlFanlassnisaedimsdsimnelriulsnunmelungpamnssuasusivuiu

faillassnsfinssuiunsndnuuundsnuiin viie Tawuueisdu Ainslifesssunidudemas
¥iaifer Faszneudegunsaldndnd 1) indesdudalaihfetufng 2 4a wuu Dry Low NO, Burner 2)
wwnwmantevh (Heat Recovery Steam Generators : HRSGS) 2 4 3) in3asinidalihisiulath 1 40 Tng
wldndnfusilaun nszualiih lov lnsauisondauazsmneliiulssugaamnssunigluaiy
gnamnTNT danszualiihazgndsiuszuuaeds sunm 115 uay 22 Alalad dwsuidewdsildluns

a A e

HANABMYEITUVIRIINUTEN Unm. I1iin (uvw) IaelduTinantamaaussuna 23.3 dugnuiadnm/iu

(%

<

druthldrvadlasimsiluiifuiunanuidiyatugiuiiiyaiidnsinisivalidesndn 1.90 gnuisiuns
wnuliliiiesnedenisldnaenial IneUsunueisiviifiu 810,889 gnuiAmuns Usunauennuifu

Lsalviflmuessedes 2 vua 4,748 gnuiAiung
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2.2 iR

Tassnslasluiimuosssios 1,2 feogiuanuassies sSunadiesuassivdin faiauassiedin
Jumavaramaneian 224 lnefiuiineadisdrundalniuasssuuduwaziuiiaduayului aeluag
gnamnssugsnni Tnslasenislsslaiivuesssdos 1,2 vesu3dn fadl 1ue1sd 2 Sria Didefilassaa

159 15 2 971 42 9151997 (255,368 AN519LUM3)

3. szuunanlniuaza1uiousau (Cogeneration System)

svuulauiuaisdu ( Cogeneration) Aeszuuiliiidandsnulwivdendsnuna waedinisld
Ustlogtanndsumudoulunasiionty lnsedodomduvauionty Suagvilisumunimdendsmy
Tusafignninssuunssandue

walulagszuundandanuanudousin wiadu 2 suuuu audnvauznisyieu finnsaldann
Sdumsthndsnuanudeululdusglewl svuulamuuaisduindnsuu (Topping Cycle Cogeneration)
Aesvuuiindandsnunaney udnihmdsruanufouiivdeluliuselow dnssuulanuueisduiging
(Bottoming Cycle Cogeneration) azfin1stinwdsauanufeululduselomineuiazndandsnulniivie
NARUNG

FemaialulaBusiassuuuutreiululdaudu fuegiunnumnzaueusazanulsznouns
Tnfinnsanansiavendemdsiinly aunmvemdsnuanufouiifenis dnvaenisldanuiounas
Iylihweslssans amsldou fuumsneata wazloulusudsnnden Wudu

3.1 szuulauuaisduriadeiuleth

szuvriniusznaudg wdesridinloth wdesiaiuleth Tneldidomaava fevdoidondauds

a

nann1siauAe Wemdszgnleuihgviesnnlndifielviauiounwnilunies Audaleus alaletein

Y

84 (Superheat Steam) figamgfinazarudugs lotagluduiniestaiulomldidunan Ssaunsaily
Fuirdeailenasne wu I revnsaes w%am?iwgﬂL%Julv\lﬂﬂ@sﬁi'fum‘%'mﬁ'}Lﬁﬂl%lﬂﬁ dnlothiteanain
insesannsathluldlunszuiuniswdadely

3.2 szuulaluuaLstuydadaiufne

fndnn1svinnufe ABLNTAeTILERaINIAIINAEUEN Wastdigvioaning L%@Lwﬁqwgﬂam
danwanfueniakazgnsadn infiefeuannawiinddu Suvvenedinieieatuiufie unuves
insesfaiufinmazseluduiniestulidh iondanszualuiih diufwfeudivaos anndsiufeasilgumyi
Uszanas 450-550 asriwaidea fedeuiiaunsaluliiuunadiaudeu iendnlothiinmuiusg

v lUtlnensuneldlunssuIunSHEn
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3.3 szuulAuLaLsTuriaiAsoseun i lusintalu

szuvlannsoudslaniuussinniniesoudidu 2 vl fe wwiessud Spark-lgnition Engine av14

v
IS a

Wowmdaunaivieiwsssunmdutewas uaziadesaud Compression-ignition Engines agldvinstusiua

v
) o o

visotfuenduiomnds ndsnuindnldegludas 100 kKW. fs 10 MW. wdssupauiousioanuneglugy

vosfgloids unasiwdeguuaviidunasiu Fansdmdanuanuseululdenaldeaiu Waste Heat

Y

Boiler lunswdslotmsetingou

Y

4. NMIAMUIUARUNYANURY (Surface Temperature) 3MNTaYaALTAEY LANDSAT-8

4.1 WunAnw
Tassnistselnfimuesssdes 1,2 fuanuesszios nnewdlomassvdin Smiauasidn ey

& A = & A ] [ = & 5
maluwummLﬁumqma’mmmqims amwwumimmuimyLﬂuqﬂﬂauaaumu quﬂmmaﬂizmm 200

wns Fadudinilsesiisuadany iduiuniwasiufignimuiluiuigeaimnssy lnednunniingy

q

va v AX A v o & dda v o o Ql' & A a
luﬂu@ummULa\imr}ﬂJﬁiillslﬁWﬁaUﬂ‘UWUVW]@Jﬂ']{LGU‘Uﬁgi'USUU@uG] ANATINN 1 LLaﬁﬂ']WGUEﬂEJWUV]‘UiL’JmIﬂiQﬂ']ﬁ

159l waziunlaesaulasanisisalwidn dennd 2 Taedruilonazifnziunnfinmnaiuiuningsenis

a [y a 1 [y

Wawnglwangaainnssuasuis (Jagduldiuniinisineas (sdudidenda) fenziusenindeiu

q

1 [y

lassnslsalniwuesssides 1,2 deldfadetuauuluwngnaivnssus daluilunufiinesenisiaun
anmgiienniadl 3 qq Ae goseu senitafeu nuATUS - wguaiay galy siiunnynluginiou

9

WOAIAYN - AAIAN WATHANUIT TENTIUFOU fa1Ad — ANAITUS Useynsdiulvg Uszneusidn

ENURAINITU

witear LANDSAT-8 s

s TIRS
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JFANUN D

aorth | Tel O 2141 4444 | ww

¥

AT 1 waRsEA TN UTI U LB ITEITe suneiiloaunITvdln SanTauATI1vELN wariuTilnaLAe
(Yoyaainaraiien LANDSAT-8 OLI, band 432 tufinawiud 31 sluias 2563)

Tun1s@nw lanmnuanundnelaeseulasinisisaliinruesseiios 1,2 Sad 5 Alawns
AN 2 BeagasauAgUITLALY 8 fi1ua 2 81n8 A AUANUBITELIYY NUBItIAaN Neln UeiSe Fmela

wazlnsnNa1e 1LNBLBIUATINVENT UaziIUARIUNIBY ka1 rge 81nalyady laedl nsldusslew

A A

AuLazdUnAgUALIaIEUTHAT WU WUANTNERT Yuvuiles Unyuey unas Nunusenauenaivngsy

wazAeduA FuagvilvianunsaTeufisuanuwandavasgunginuiilununiiidnvasunnaieiula

YITALIU

Falasans namg aites LANDSAT-8 szuu TIRS

~(Land Surface Temperature)lnes

vinalasenislssiu 31 flunaw 2563
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E-mall: info@ sorth | Tel O 2141 4444 | ww

2NN 2 MweneUsalasansisdbiiruessyie 1,2 fuanuesseiied 91LnalasuasvEnn 39
uAssELN waritufilagseulasinslasinit (fogaainanadien LANDSAT-8 OLI, band 432 Sufinaw

Fuit 31 funaw 2563)

4.2 Jumeunisiinen

4.2.1 foyanaiteniildlunisine

foyaananiies LANDSAT-8 TIRS, Band 10 (ra1sisnimdu 10.60 -11.19 unluiums) wietaandu
dunsnsanaudeu (Thermal Infrared) Path/Row # 128/50, iandneaiwuszanas vian 10:31:17 wiinn
(haUszinalne) fauazidoaveanin (Spatial resolution) 7 100 wes (luvae# Band duq 1¥un
band1-7 uag band 9 azdimuazideanmil 30 was TwaziBeadanisei 1) Fududeduiidunldly
n1smearguvgiRadiu (Land Surface Temperature : LST) vinalassnisnuosseidos 1,2 waziiui
Tn&iAss Tneidendeyasinaraiion LANDSAT-8 Tusudi 31 fureu 2563 nardrenmuszuial 1an

10:31:17 win1 (Lanusemebng)

witen LANDSAT-8 szuu TIRS

6 Il Foinsenns mswgamgdituiia(Land Surface Temperature)inslddoyas

vinalasenislssluivuessziient,2 duanusssziios snewissunssudun Jewinue

31 JunAy 2563
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A5199t 1 wansswavisn Satellite Sensors wos LANDSAT-7,8

Landsat-7 ETM+ Bands (um) Landsat-8 OLI and 77RS Bands (jum)

30 m Coastal/Aerosol 0.435-0.451 Band |
Band | 30 m Blue 0.441-0514 | 30 m Blue 0.452-0.512 Band 2
Band 2 30 m Green 0.519-0.601 30 m Green 0.533-0.590 | Band 3
Band 3 30 m Red 0.631-0.692 | 30 mRed 0.636-0.673 | Band 4
Band 4 30 m NIR 0.772-0898 | 30 m NIR 0.851-0879 | Band 5
Band 5 30 m SWIR-1 1.547-1.749 | 30 m SWIR-I 1.566 - 1.651 Band 6
Band 6 60 m TIR 10.31-12.36 | 100m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 11.50 1251 | Band 11
Band 7 30 m SWIR-2 2064 -2345 | 30 m SWIR-2 2.107-2.294 Band 7
Band 8 15 m Pan 0.515-0.896 15 m Pan 0.503-0.676 | Band 8

30 m Cirrus 1.363 - 1.384 Band 9

v =

foyaanaaiien LANDSAT-8 filésudeyananilsudyanunafiendianingei iudoya
level 1 Gsriunszurunisusuuivng Radiometric uay Geometric Correction eefludnwazdoya GeoTIFF
Format

4.2.2 |WMIAUIUARUNYTNURIAY (Land Surface Temperature)
foyan1iiivs LANDSAT-8 TM, Path/Row 41 128/50 1doniamizaas band 10 fignusuuiiaany

AAAARBUNNTAERTIE A8gntuAIWIN WeAguualNuRIUT naldasanslsaliivuesseies

1,2 waziunlnalfes Aeils18asidennIuTunaunddl

1). waeuen Digital Number ON) vesdeyaana1aiieLANDSAT-8 TRS, Thermal Infrared
Sensor (band 10) lu.fuein Spectral Radiance aawnsd 1 (USGS, 2013):

AUNNSN 1

L, =0.00033422x DN +0.1

dle L. #e an Spectral Radiance Sviiaeidu W/(msterum)
DN @ ¢ Digital Number vesdioya band 10wuaedu W/(mZsterum)

2). waeusn Spectral Radiance 1uiduen Brightness Temperature, Tg (3o Black Body
Temperature) suannuduius faaunisi 2 (LANDSAT Project Science Office, 2002)

7 [N Felasems msmeamgfiin(Land Surface Temperature)lneld<oyannanaiien LANDSAT-8 szuu TIRS

vinalasislsalnimvueeseiioal,2 duanusssziie
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K,

aunnsi 2 To=—7"—
1A B K,
In| —+1
L

A

dle Ty #e e Effective at-Satellite Temperature wuae Kelvin, K
L, #e e Spectral Radiance Swwiaendu W/(m2sterpm)
K2 uaz KL #o @n Pre-launch Calibration Constant @sAnundnsudeyasinaiadiey
LANDSAT-8 TIRS #aid
mseil 2 eaziBendeya (Metadata) dw3u TIRS Thermal Band Calibration Constants (U.S.
Geological Survey, 2013)

Constant (Unit) Band 10 Band 11
Radiance Multiplier 0.0003342 0.0003342
Radiance Add 01 01
K1(watts/(meter squared * ster * um) 774.89 480.89
K2(Kelvin) 1321.08 1201.14

3). Agaumgiluannistrsuuasduanfisnsdaan back body dsdudlemergungifiuiafud
W3 azfesmilsfanmsunsedainasnaguituia (spectral emissivity according to the natural of land
cover) a1n Snyder et al. (1998) 1fiauonisdruanmie tieuduufgaumgiinisuanddosinuin
(emissivity corrected land surface temperature; Sy) daAuruniuaudusius deaunisi 3 (Artisk
Carnahan, 1982)

; T
aunisn 3 S = TB
1+(ﬂx %j Ine
P
dle St fle Agaumgiiiuiiy e Kelvin, K
Ts #e a0 Effective at-Satellite Temperature wiae Kelvin, K
A fe mweneduves Emitted Radiance dudenldrnansit A = 10.6pm

g o AnadenisuanUdosidendu (Spectral Emissivity) anniumianuusineg deendlidenldly

auns @159 l9aInAeR 3 Bsindldlunisdnn 9614 € = 0.969 (Arid bare soil/Urban)

p diewidu 1438 x 102 mK, Lﬂuﬁﬂﬁlé’mmﬂmmé’uﬁuﬁ‘pzhx%
dle h = ehasiives Plank (6.626x10% J-s)
C = mnudawesuas (Velocity of Light) (2.998x108 m/s)
s = msiives Stefan Boltzmann (1.38x102 J/K)

g [l Felasems msmeamgfiuin(Land Surface Temperature)lnelddfoyannanaiien LANDSAT-8 szuu TRS

alassnslssininvuesseios,2 duanuesseiss sunedosunssedun dwiauassvdun 31 fuiau 2563
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QOUANUN DNEIFANENS

A131991 3 ANRAEANGYN1AVBINITWNTIFEIINFIUNAqUNURILAAE YA duTutayaniiiiiey

MODIS band 31 and 32 (Snyder et al., 1998)

Mean Emissivity (&)

Emissivity Classes Green Season Senescent Season
10.8-11.3um| 11.8-12.3um | Average | 10.8-11.3um | 11.8-12.3um | Average
NeedleForest 0.989 0991 | 0.990 0.986 0988 | 0.987

Broadleaf Forest 0.987 0.990 0.989 0.968 0971 0.970
Woody Savanna 0.988 0.991 0.990 0.975 0978 0977

Grass Savanna 0.987 0.991 0.989 0973 0975 | 0974
Sparse Shrubs 0972 0.975 0974 0.970 0976 | 0.973
Water/Wetland 0.991 0986 | 0.989 0.991 0986 | 0989
Organic Bare Soll 0977 0982 | 0.980 0.977 0982 | 0980

Arid Bare Soil/ Urban|  0.966 0972 | 0969 0.966 0972 | 0969

4). fuamegamgiilumbeowadea mnauduus

Centigrade Temperature (~C) = Absolute Temperature (°K) -273.15

Y
a

5. Namiﬁn‘wwhqmugﬁﬁuﬁ AU (Land Surface Temperature)

5.1 Hoyaanmgiinufinfu 910 LANDSAT-8

foyasnmgiiftuiauiimhodussaeadoa dddanmsdunaludisiu azgnihmdmuasnd

Y 9

vosurazdrsguugll lnefmunardunsaiadu (Class Interval) vesgaumgiiudazdrclniiu 1 osen

AL PALANILUAINT 3

2 = =] 2 > 2 < < = 2 2 = ) = 2 = < 3

uy O r— o oy «f uy O r— o on < e o oy «f uy U)

o o~ “«y oy [ “y (3] oy o3 oy < < < of <f <
' '

o o
[N S B ]
)

ur 2200

oy <f i
o ] “y
' ' '

& o o
> I &
1 ® 7 9 2

EEREEREESC 00 oL RENNE

i 3 wamagaedumsaiatu (Class Interval) uwazdfiunurvesringamgiusaza

qmmﬁ'ﬁ faau (Land Surface Temperature) usnalassnstsalwiivuessziios 1,2 waz il

TnaiAss Tun 31 JuAu 2563 ﬂﬂﬂ?WV]ﬂ 5
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Ne

E-mall: inf

FINLUT

ad i
gompiwurafu (Land Surface Temperature)

» . » - -
Tsalvtfmuaessug 1,2 Muanuasiziss Swnadiosunsroiin dadinunsmuiinuazivuiindifise

foyamauilun LANDSAT - 8 35Uy TIRS , uuud 10
Fuh 31 Thnu 2563, a0 10:31:17 w. (Uszmalne)

Sy — - “wdnini
; i ¢ L
T "
nuzile rgr.:w:\.v:vinin
Vs I==1
pouniladon sioBuwszdfloi =
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£ wrupnriee T_]
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nmilimeeyand Sayasinnradios Landsat 8 Full 31 Thne 2563
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QUUGELAIAY (Land Surface Temperature)
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Mnnweamgilituiiadu (Land Surface Temperature) usnailasanistselnfimuessziies 1,2 wazitui
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Tuiud 31 Ju1Ay 2563 USHUNUNANYIIATINSISINTILeesEIes 1,2 washuilnawmes Jan

£%
a a 1 o

gamgRiuiafuegszning 31 - 41 ssdwadea Tneiuilinunsnssy wias Auiguin asdagumngl

9 Y
dy a ¥ = 1 U a
NUNIIINVBUANTILNYN BYITSIN 31 = 39 23ALYALTYE

duUnAlsUERaMN TN urasuYy vienuiindnuiidnnaquiduaeunia 1l dined Nudu

ly v oA

\Ualas waziuilwiawiagnianisinyns ssdidgamgiiuiafuganiniuiidieiu fefidegiuszun 34 -
39 esmeaidea

Tnefiuiilassnislssliihnuessyides 1,2 fegaumailiogsening 35 - 39 esmvaded

(%
) | a

INHANITANYIFINATT WatAtundifuIfuNlaInA1TIATIEAlaetayaanaLigy

9 Y

[ 1 =

LANDSAT-8 TIRS, wuus 10 wW3suiitsuiua1vesaaninsiaineiniaves GISTDA avnaanfifanda

uATT1vENT Tutisiandedtu nuimeumginuiifuiildainnisinseilaedeyainaiuiieudinin

anniniaiaeinirwes GISTDA Uszann 1 ssrmwaidea sansnsii 4

a =

A13197 4 uandnaangll (esrnwaled) Seturesaaninyiaineinieves GISTDA

Y

LAYIINSATIVINANG NN
annil/Anin Tuiieu/A
00:00 - 23:59
UATTIVANY/A. UATTIVEL 28/03/2020 32
UATINVAN/A. UATIIVAU 29/03/2020 32
UATTIVEL/A. UATIIVENN 30/03/2020 32
UATTIVANY/A. UATTIVEU 31/03/2020 33
UATTIVAN/A. UATTIVEU 01/04/2020 33
UATIIVEL/A. UATIIVENN 02/04/2020 32
UATIIVEL/A. UATIIVEN 03/04/2020 29
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9aumiNUia (Land Surface Temperature)

1. aAnaduanvasmsing

\osnnddnnuimuimaluladoimauazgiarsauma (eadnisumvw); aven. leunisdnsie
9INUTEM Lousaled uavesmed (Uszmelne) $1in IrddunsiinnegiuazUssananatoyanauanuiou
Immmmuﬂuqquﬁﬁuﬁa(Land surface temperature) suqeifussrwaidoa vsnalasenisisaluii
yuasszins 1 warlasamslssliilmuesssies 2 Wewansnnuuansnsserigumgiiuiainalasinis

Tsdlwiuaziiuilnddedlasseu Jedulngduiuniunlsznoun1sgnainnssuiuinensnssuLazunas

1%
a

guywiiiielddudoyanuguvesgaumalinuialutigedou Gudouuwe)
2. Jasanslselninruasszides 1,2
Tasemslsslnfimuessvies 1,2 Julsslwihszuu (Co-generation system) Tnelassnnsilindanig

ARl gegnUsvann 137 wngdng lethgeanyszana 20 duw/dalus gl fndnldagdsdming iy
nstifindendauralszinalng (nw.) Ussana 90 wnednd Toaelulassnisuszana 4 wnednd uas
Fuglvnulsanungluangnanssugsuns Useanm 43 wnedngd dletindalaianunssdsdiviig

Tiulssnunigluwngnainssuasusealy

2.1 ananduan

Tassnistsalniinueasedes 1,2 andiunistaeusom fadl ueisd 1 9100 wazusev fal Wuais
7 2 $rdn lenAnnszualiiiifisfusesiuanudosnsldnseualuiinielulasenig wazdmuelviunis
nifhdhendauisusemelng (i) uaslssnumeluangpamnssugsud venanindnfusilusvesle
ih Steam) Alganlassnsagiimsdedmiglitulssnumelungaamnssugsu? wudu

faiflasamsiinszuiunsnanuuundanui vie lanuueisdu Afnsléfesssurfidudomas
yiaifer Faszneudegunsaiddnsd 1) wdessudalifhdstuie 2 40 wuu Dry Low NOy Bumer 2)
wowanlev (Heat Recovery Steam Generators : HRSGS) 2 4 3) in3esinidalwihisiuloth 1 40 Tng
wldndndusilann nszualni loun Tnsanunsondauagsimingliiulssugaamnssunigluay
gnangINy denszualiiiizgnasiussuvaeds 1un 115 way 22 Alalad dwduidewdsildluns

a A e

HARFBAYSTINMAINUTEN Unn. 311ia () Iaglduunaniemasssann 23.3 arugnuianie/iu
| ’oj [ [~ 961 a [y 1 goj 1 a 1 g a o 1Y 1 I3

drunldvedasimaduihfuiunnanuaidiyalugieisidiyadansinisivalidesndn 1.90 gnuiadiuns
wnAulibiiisanesienisldnasaisl Ineusunueaiuiinu 810,889 gnuiadiuns Usunauenniifu

Isalviflmuessedes 1,2 vua 4,748 gnuianians
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lasanslsalviivuesseies 1,2 Asegiuanuassziies dnailomasivdu daminuassvdun
SumavalmanelaY 224 lnefiiuineadvdiundnliiuazssvvdasiuiaduayuliii aneluias
geamnIsugsun3 lnglasenistsslnivuesssies 1,2 Sllaiilagsan 159 15 2 91 42 913799 (255,368

FAITIUUAT)

3. szuunanlniinazaIuiausau (Cogeneration System)

svuulauiueisdu ( Cogeneration) Aeszuudiliidandsaulwivdendsauna waedinisld
Ustlovtanndsnuaudouluvaeifoatu lneododomduvauionty Suglifununismdndsay
Tusiaiignninszuumsnandue

walulagszuundanasnuanusousin wuiadu 2 gUwuu mudnwasnisviianu fansanlden
dumsthndsnuanadeulUlduseleviszuulanuueistuigdnsuuTopping Cycle Cogeneration) fe
sruuiindandsnunaneundthmdsnumsdeuiivaelulivsslovd druszuulanuueistuipingais
(Bottoming Cycle Cogeneration) azdinisimdsnueufoululdusslovinoudiagndandanuliivie
NANUNG

Femmineluladusazsuuvudsiululdoudul uegfuaumnzauvesusas anulsznaunis
Tnefinnsananvinveadomddinld aunmuesndsnuauieudideinis dnvazmsldanuieunay

Trihwedsenu nanisldau sununiseadne uazReuluiudunden Wudu

3.1 szuulauasturiaieiules
a & ¥ = o A 5 o [ H v & a & L= & a <
szuuvilaiusznaume nsesiillaloun insesisiulen Ingldigemdunad Mavselvoinauds
wannsvihaude Wandsrgnleudgvisanindiielvianuiouunurluaies dullalewn aldlouredn
8¢ (Superheat Steam) figaunnfinasaudugs leazluduaissiviulodldmdanan Jsaunsatily
Tuin3esiienanien wu Ju Aeumsawes viiewdeusldulninlneduiniasiuiialui dwleuiieanain

w3esaunsatnlullunssuiunsuansald

3.2 szuulauesduriinfaiufie

fndnmsvhaufe Asumwsawesazdnermeaninnisuen uaztindngiounlngd Womdsazgnin
drmanfueinmauazaassdn Bafedouanmawlnddy §sasvesiriuedostoiufeunures
inFeaiaiufmazseluduiniostuliin iondanszualnli diufefeudivaesanieiufnsazionmyd
Uszanas 450-550 asrwailea AedeutanunsailUldiluunadlianudou iWendnlediiamudusiig

s lUltlnenswnalglunsEUIUNISHAR
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3.3 szuulAuuaLsTuriaiasoseun i lusintalu
szuvdanunsanuslamudszianieiesoudidu 2 vl Ae wsessud Spark-lgnition Engine av14

v
IS a

Wamdunamiefesssunfdudomds waziadesud Compression-lgnition Engines aldvisusiea
yiortumidudomds wdsonuiindaldeglugas 100 kW, d1 10 MW, ndsuanufeuiioonunoglusy
vosfgleide imdeifudoguuasindundedu Fenmimdanuanufeululdensldsiu Waste Heat
Boiler Tumswanlovuiethiou

Y

4. NMIAMUIUARUNYANURI (Surface Temperature) 3MNTaYaATLTAEY LANDSAT-8

4.1 NUNAne
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nziunnfndeiuiuiidesenisiauinsluangaannssugsuis (Jaguuldnuiinisnens (l9du
AUznaa) AenzTusanfnnanulasanisisaluiivusaseies 1 wazlssbiivueessiios 2 faldannanu

= 4 |
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UWUIRUATABIND
wuInbiYRRIUEa

AN 2 AveneUsINlAsINISIssNTnrueIsEI 1, 2 AUATUBITELIEY BLNBLIRIUATIIVANN 9N
uAs AN waziiuilagseulasenislsali(@eyasinaadion LANDSAT-8 OLI, band 432 dufinawiui
6 LB 2565)

4.2 dumeunisfine

4.2.1 foyaniieniildlunisine

foyaanaradioy LANDSAT-8 TIRS, Band 10 (pawenandu 10.60 -11.19 unluiums) wievasndu
unlsnsamuiou (Thermal Infrared) Path/Row 7 128/50, tandreniwuszana 1ian 10:31:21 wiiinn
(na1Uszimalne) dauazideavesniw (Spatial resolution) 7 100 wns (luvned Band ue laun
band1-7 wa band 9 axfienmaziBeanind 30 was MeavBenfwsei Diaduiieeduiiienldluns
megumndaaiiu (Land Surface Temperature : LST) vinadassnisvuasseides 1,2 wasiiuillndifes
Tneidendoyaanaaiivn LANDSAT-8 Tutuit 6 wmwneu 2565 nandioamuszanas nan 10:31:21u1%m

(aUszwmelne)
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A15199t 1 wansswazisenSatellite Sensors ves LANDSAT-7,8

Landsat-7 ETM+ Bands (um) Landsat-8 OLI and 77RS Bands (jum)

30 m Coastal/Aerosol 0.435-0.451 Band |
Band | 30 m Blue 0.441-0514 | 30 m Blue 0.452-0.512 Band 2
Band 2 30 m Green 0.519-0.601 30 m Green 0.533-0.590 | Band 3
Band 3 30 m Red 0.631-0.692 | 30 mRed 0.636-0.673 | Band 4
Band 4 30 m NIR 0.772-0898 | 30 m NIR 0.851-0879 | Band 5
Band 5 30 m SWIR-1 1.547-1.749 | 30 m SWIR-I 1.566 - 1.651 Band 6
Band 6 60 m TIR 10.31-12.36 | 100m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 11.50 1251 | Band 11
Band 7 30 m SWIR-2 2064 -2345 | 30 m SWIR-2 2.107-2.294 Band 7
Band 8 15 m Pan 0.515-0.896 15 m Pan 0.503-0.676 | Band 8

30 m Cirrus 1.363 - 1.384 Band 9

foyaanaudien LANDSAT-8 flssudeyaainanidsudygramuiivaiithuinszsidudeya
level 1 Fssinunszurunisuiuudms Radiometric uaz Geometric Correction eeflusnwazdeya GeoTIFF
Format

4.2.23%'7’1’15?7’114'3mﬁwqm%gﬁﬁuﬁﬁau (Land Surface Temperature)
Yoyannndioy LANDSAT-8 TM, Path/Row 71 128/501dentamnz4as band 10 fignusuuiaany

¥
a

AALARBUNIIMANSTUAT A8nUNAIIN IeA1UMTNURLUS nalasinslssliimuesssides

1,2 WasNUNLNALALY AYLSI8aLL8ARILTUNDUAIL

1). waeuen Digital Number ON) vesdeyaana1aiiesLANDSAT-8 TRS, Thermal Infrared
Sensor (band 10) lu.fuein Spectral Radiance saasnasit 1 (USGS, 2013):

aun1s?i 1 L, =0.00033422x DN +0.1

dle L. Ao e Spectral Radiance fiviaediu W/(masterpum)
DN A ¢ Digital Number vesdioya band 10wuaediu W/(mZsterum)

2). waeusn Spectral Radiance 1uiduen Brightness Temperature, Tg (3o Black Body
Temperature) suaanuduius faaunsi 2 (LANDSAT Project Science Office, 2002)

6 [l Folasins mamaamgiiiiuiia(Land Surface Temperature)inglddeyaanaraiiien LANDSAT-8 szuu TIRS

snalasenisissliiivuessedos 12 duanuessziios sunedlesunssiviin
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K,

aunsf 2Tg=——2—
B Kl
In| —+1

A

dleTfern Effective at-Satellite Temperature wiae Kelvin, K
L,Aern Spectral Radiance fiwuaedu W/(m2sterum)
K2 waz K1 Aoan Pre-launch Calibration Constant 4 sfwuadmsudesaainaiies
LANDSAT-8 TIRS sl
A919d 2 avtundeya (Metadata)drwsu TIRS Thermal Band Calibration Constants (U.S.
Geological Survey, 2013)

Constant (Unit) Band 10 Band 11
Radiance Multiplier 0.0003342 0.0003342
Radiance Add 01 0.1
K1(watts/(meter squared * ster * um) 174.89 480.89
K2(Kelvin) 1321.08 1201.14

3). Agamgiluaunisdrsuuasduaiiisrsdeain back body seduievnarguupiiufiafud
w3 axdasdnilafanmsundadanndsunequituia (spectral emissivity according to the natural of land
cover) a1n Snyder et al. (1998) I¥iauenissuamen Weusuudamumgimsanddosiifiuia(@missivity
corrected land surface temperature; Sy dafnunnunueudusius dsauntsd 3 (Artisé Carnahan, 1982)

TB
1+ (/1 XT%) In ¢

p
lo St Ao Agrumgfiiuia niae Kelvin, K
TgAe a1 Effective at-Satellite Temperature wiae Kelvin, K
AAe avweaduves Emitted Radiance Fadenldenansdi A = 10.6um

gfie AuadsnisUanUaseidenau (Spectral Emissivity) annfiufauuusneg edriidentdlu

aunnsn 35, =

auns @159 l9anaed 3 Beanildlunisda 9¢14 € = 0.969 (Arid bare soil/Urban)

p dlawviiu 1.438 x 102 m K, Lﬁuﬁwﬁlﬁmmﬂmmé’uﬁuﬁ‘pzh><%
dle h = ehasiives Plank (6.626x10% J-s)
C =amsrvesuas (Velocity of Light) (2.998x108 m/s)
s =emsiives Stefan Boltzmann (1.38x102 J/K)

7 [l Tolasins mamaameiiiiuiin(Land Surface Temperature)inglddeyaanaraiien LANDSAT-8 szuu TIRS
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A135197 3 ANRREAIUYANIAYBINITUNTIFIINF sUnAquUR LAz vila d1mSudeyaniiivy

MODIS band 31 and 32 (Snyder et al., 1998)

Mean Emissivity (&)

Emissivity Classes Green Season Senescent Season
10.8-11.3pum| 11.8-12.3um | Average | 10.8-11.3pum | 11.8-12.3pum | Average
NeedleForest 0.989 0.991 0.990 0.986 0988 | 0987

Broadleaf Forest 0.987 0.990 0.989 0.968 0971 0.970
Woody Savanna 0.988 0.991 0.990 0.975 0978 0977

Grass Savanna 0.987 0.991 0.989 0973 0.975 0974
Sparse Shrubs 0972 0.975 0974 0.970 0976 | 0.973
Water/Wetland 0,991 0.986 0,989 0,991 0986 | 0.989
Organic Bare Soil 0.977 0.982 0.980 0977 0982 | 0.980

Arid Bare Soil/ Urban|  0.966 0972 | 0969 0.966 0972 | 0.969

4). fuamegmgiilumbeowalded :1nANUENTS

Centigrade Temperature (°C) = Absolute Temperature (°K) -273.15

¥
a

5. Namiﬁn‘wwhqmugﬁﬁuﬁ 20U (Land Surface Temperature)

vosunazdgungd lnefmuarisunsaiadu (Class Interval) vosaaumafiunazdaaldiviadu 1 ogen

ALY PILANILUNINT 3

R - T
5 i H 5B 5 ¥ 5 HE 5 8 5§ 85 5 5 5 5 5 5 £ =5 H 3 :

o ..J 1 B - - =t S S= S - - .{ I = = = (s R = = -7
i ] i i Wl ] il "y "y "y Ll i "y "y il Yy |l'|| el wr wf -n‘ I-i I-l' .

= 0 0 L [l P

L = 1 9 kB A

llllllll]ﬂl]jl H ‘[ \ H H JDDI-IIII

A 3 uanstidunsniaduClass Interval) uazdfunurvosramumgiivsasa

= r'.

ffuisau (Land Surface Temperature) vsnalassnisisslnmuesseios 1,2 wagituil

LU 2565 (Nﬂ’]W‘V] 4-5
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