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2. @adlfnnunsIvgau

winvesannilinnunsinaeulsyansamsruunnainaunmeiniAIInUdeawuusieiiles (CEMs) Uandms

TN 2 Waggun 1

M13197 2 anfanunsraFeuAMANEILIAGDY

ArfiannanfiAans (szuu UTM Datum WGS 84)

aantifinnunsianauy S ”
Zone AzIUBan (X) wida (Y)

msmmaaauﬂszﬁw%mwsswmfaﬁﬂqmmwmmﬂmnﬂa'amwdaLﬁm (CEMs)
Common Stack q47p 734692 1399995
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3. awndanazaunlun1sAiinaIunsIIn

Relative Accuracy Test (RA test)

ANTUNITATINADUTLUUATIVINAUAINEINIAIINUABITE UL UUABLT D95 UMIE U USenausiy

U.S.EPA Method 7E d115u NOy, U.S.EPA Method 3A d@115U O, ag U.S.EPA Method 10 dw5u CO lngvinnng

a3 iausnufeaiussuy CEMs lnglidamansynuiussuy CEMs dauandlugun 2

n139572391AMe33u1nsgIuaInUaesssuisuaans vin1sasataidudiuiuiun 12 4an15nsi9dn

Ingusazyani1snsain dedddiainmatalitesndy 21 uiil dwmsuanainuadivlueina

3U#1 2 MInsaaseulszininmszuunsainAnnInaINIAIINUdaLUUsBLilBs (CEMS)
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4.  19azL09ALAID9HRASIIN

Relative Accuracy Test

1)  szuudnae8ne (Sampling System) Usznaudiae

WLAuMeE1 (Sampling Probe) Wumaviainuanuias

wHunToeElU (Filter) niouszuulvinnuiou

viothdwineene #1 (Sampling Heated Line) v191n Teflon fiszuuliannufou wielosiunmsndu
fweslathlushetnseneide deuflasdindesiidamuiu

1AS99TAAMNT Y #1 (Gas Coolen) wuusEUUWALTiB (Peltier) Anauduluainiedy
neudsludmaszuutindsinedns

Viedadaegna #2 (Sampling Line) ¥ann Teflon Tifiszuulinnudeu vhnihitdedhegaerniea
Geflrhunsidamnudy lgdudndedn

%u@m%’ﬂﬁ’aaéw ilalaozunsu (Diaphragm Pump) Us1eannnssa (Leak) anunsagadndiegg
fresmsnisiva (Flow) fifieswe

13 peNdnRNT Y #2 (Gas Cooler) wuuszuunaatdu manaudulusnede neudsluds

LASBINTITIATIZVIAN (Gas Analyzer)

yaaEIUTuLiey (Calibration Valve) ldw3uii Bias check
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- iASReUsUSEIINTsina (Gas Rotameter) tieuiusnsnisiviavessegniling
- Sampling Gas Manifold tiewenaeg1seniede lufuasediinsziurazinios
2)  A3esATIZRANY (Gas Analyzer)
- NO, Analyzer lfiefodiianeifmeenlasvedlulnsiaudsie Thermo Scientific u 421-HL
- 0, Analyzer MieSosiiasgsifmeendiaudvie Thermo Scientific $u 410l

t%

- CO Analyzer ldiaSasiiasgsiineasveuseuenledtivie Thermo Scientific Ju 48l

¥
[

5. YUABUAISANMINIUASIAIN

Relative Accuracy Test

- TUMUN 1 ATIVABUTTUUATIVIAMETTUINTZIU MBNITYIINTARULTEUATETIATIZANY (Analyzer

Calibration Error Test) MgfiN9a10sgIugamsuAIAdiduLa 1aea1ntuyinin1snsiaaeuaueuwldees

$UUATIIN (System Bias Test)

1) P ° [ v v & ' aa = v
- UYUNDUN 2 ‘V]']ﬂ'ﬁ@i"lﬁ]"]ﬂﬂqﬂ'ﬂllLGUlIGU‘UGU'OQﬂq%‘ﬂqﬂﬂaaﬂﬁguqam']ll'gﬁlnﬁ'ﬁg']u FaUsznauny U.S.EPA

Method 7E d@15u NO,, U.S.EPA Method 3A d@11135U O, tag U.S.EPA Method 10 @15 CO lagvinn13ns19in

U3 12 gn13032930 Inewiarynn1snsaainldiatlunisasiadalitesndt 21 uiil wagyih system bias test

Tusenineganisnsaaineie

- Jupaui 3 UideyaNMInTIRinmeItunsg UL Liguiudeayan1InIvIAINTEUY CEMS

- UABUN 4 ATIUANARLYDIANULANAITENINTRYAIINNNIATIIAME TR T LN LT U UTaYa

N1395397A9MNTEUY CEMs, A1ANUdeauulIngg Iy, Ardudseansnnuedu wavan Relative Accuracy
aunsiugulunisauan laun

ARaY

2 - l Z?:l df

n
We n = uuyadeya

f'ldi = HATINYDIAIANULANA VB AZYATBYS
i
AndesuuinsgIl (Zn d)z
“ 2 . a;
57 - 2]
i=1 ¢ n

n—1

AnduUszansANTatu
sd

0.975 '\/;

Wie 2,5 =t —value

cc=t

A1 Relative accuracy |c7| + |cc|
RA="—x100
RM
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il ‘E‘ = AnduysalvesAinuLANuadY
‘CC‘ = AduysalvesAdUsEAvEANeiY
RM = fadeanisunnsgiuvserinasgiunisudesuaiiy

6. HANTIATIVEDU
HAN1INTIIARUUTEANBAIMNTYINNIWYITY UL CEMs Udessyung 91ndaya 12 4 s1uazidendsil

1) sanlwnvaslulasiau (NOy)

Anrandudures NO, 9 1nTediaszsideiBunsg - 1838 ppm#T %O,
ANAITUTUYIDS NOy 910 53UV CEMs - 1388 ppmAT %O,
ANAIILLANKT = 450 ppm 7 %0,
Confidence Coefficient = 0.16

#1 Relative Accuracy (Wonin 10%) = 932 %

2) 990U (0,)

Aarududures 0,0 inTeddiaTgifeBunss = 1558 %
AANULLNTUYDY O, 91N F¥UU CEMs = 1553 %
ATAINAULANFI = 0.06 %
A1 Relative Accuracy (foanin 1%) = 006 %

3) arsuauusuanlus (CO)

Aeududures CO 91n wiediiasgisyitunngu = 238  ppm#7%O0,
ANPILTNTUYDY CO 97N S¥UU CEMS = 000  ppm 7% O,
ANALANE = 238  ppm#7%O0,
Confidence Coefficient = 0.06

#1 Relative Accuracy (ona1 5%) = 035 %

= Y =
FYALLDYALLFAIANAITINN 3
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7. d5UNaN1INTIEDY

Relative Accuracy Test

HAN13ATIAFRUUTEANTAMTBISTUUATIRTRAMAINEINIAIINURBITE UL UUABLT DY YBIuUTEN WHiT

waaLdud 3119 laeriin1sns9TnUaes Common Stack Tudiuvedszuunsiatafnedslsenauniy Aeeanles

vaslulasiau (NO) AweandLau (O,) wagh1garsusumausnles (CO) nuI1 UsEENSNIMUBITLUUNTIAIN

fngeanlesvadlulasiau (NO) dauunne1991n3duInsguiagy 9.32 Wesidus druuszansnamuesssuy

asratafingeandiau (O,) fAuuanm1991n3SuinsgIuiniu 0.06 WWasidus wazUszansnmuesszuunsdain

finwansusuusuenlyd (CO) danuuana1aniduinsgiumindu 0.35 wWesidud Fadulunudeimunves

U.S.EPA 40 CFR Part 60 Appendix B, Performance Specification 2, 3 wag 4 (PS-2, PS-3 LagPS-4) Anuunls

nansaviafgeanledvadlulasiau fanuwnnsaldiiy 10 Wesidud 9nunsgiuuaiive1nia wansaainine

sandiauflanuuanisliiiu 1 Wesidud 91n35unsgu wasnansiatafingaisueuusuentes fvualidiany

wanenliiin 5 Wesidud nuesgIutaiiveIniea

A19197 4 S5UNANIIATIVEDUAIUGNABINTFIINIY CEMs 9MnUapeszun® Common Stack

Atndsansiiavy 4 .
. o A — Aade | Confidence % el | agUNanis
Udaq YU 2591999 , RA (%) o
CEMs ANLANAIN | Coefficient nsUsZLIUY M3EADU
43U
Common Stack NOy 18.38 13.88 4.50 0.16 9.32 < 10 of STD. WU
O, 15.58 15.53 0.06 - 0.06 < 1 of RM. WY
co 2.38 0.00 2.38 0.06 0.35 < 5 of STD. N
NEWA : 1. NOy ivhe ppmvd @ 7% O,
2.0, fmhedu % (Dry Basis)
3.CO dnuae ppmvd @ 7% O,
U3t gluisie uouundad uous Budideds aeudaunuy sin wih 7
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1.0 MAINTENANCE SCHEDULE

The Maintenance schedule provides an integrated pericdic maintenance chart for the CEMS system. The
maintenance intervals are average perod as manufacturer recommend. The preciss frequency of any
mamtenance task may vary, depending on the environment of a parbcular system or the location of an

indrvidual component in the systerm.

Hem Day Weaek Month Annual Function Test

[6as Anslyzer uttramat) 1 o, NOX, 502 Check |Repiace| Clean

MNormal Operation Status - Measuremeant
Valve/Status massage and LED

§Gas Flow Rate [Set @ 1Um] X

IIemepan Calibration x

IDiagnnsLics Check : Offset/Amplification x

Ihieaﬁuring Chamber x

cljojojoje| o

Iiniet Filter [Changing: every & Manth] 3 Month

Iaﬁmlﬂnmﬂﬁ Check |Replace| Clean

Momal Operation Status © Measurement
Valve/Status massage and LED

§Gas Fiow Rate [S<t @ 1Vm] X

IZErm‘Span Calibration X

[D:agnostics Chack - Offeet/Amplfieation x

|Measuring Chamber X

Ql|ojojo|o)| ©

I]n'm Filtter [Changing: every 8 Month] 3 Month

IIIJ‘E-IIDCM‘Er Check |Replace| Clean

fconverar Tame - 220°C X o

fcatalyst x o

|smsu¢:ouu- Check |Replace| Clean

JGas Cooler Temp : 5°C [ 2°€] X 0

Peristaltic Pump Operate:
Comveying balt, S-bolt, Tubing =et, Contact X o 0O
pultey, spring Changing the filter :[every 1 Year]

Fine filter
Filter Element
O-ring [Matenal - Viton]
"*Changing. [every 8 Month]

Flow mieter glass & Sensor X o

Q

|E;-n;ra charge for heat exchanger X

I[ﬁq:lrmmﬂﬂﬂ[ﬂwhhw] Check |Replsce| Clean

IENJFT‘II'BQFI‘I [Changing: every & Month] 3 Month

I".-’alve plate ! sealing [Changing: every & Monih] 3 Month

ojlojo
Qjloje

JHiead piate 3 Month

IPatﬁndah!BrpiﬁsMr[BF-il Check |Repiace| Clean

Filter element CLF/CLF-5 & O-Ring, Viton
harbging: every § Month]




®ic

Table 1.1 Maintenance Schedule (Cont

Item

Day

Function Test

Sampling Probe and Filter Unit

Heated Probe : Check Heater

Filter element
j[Changing every 1 Year]

O-ring kit for filter element [matenal : Viton)
[Changing every 6 Month]

Heated Line :
Checking Heater
Ciean the Transport Line : [every 2 Month]

lopacity Monitor [DURAG ]

Check |Replace| Clean

Visual inspection and cleaning of external parts
of the device

Checking the dosures and screw connections

Check the purge air unit and the hose
connections for leaks and secure fitting

Remove deposits on and within the welded-in
jpip=

Purge air blower:
Checking & Clean the filter : [every 3 month]
Changing the filter : [every 1 Year]

Cleaning the purge air hoses

3 Month

Measuring head:
Checking the contamination value.if necessary
cleaning the device glasses

3 Month

Check the performance LED alignment

3 Month

Check the measured values for contamination,
zero point and reference point

4 Month

Juinearity check

Control unit Exp [Purge unit]
Checking Instrument air [Set @ Gbar]
Clean Instrument air filter [every 8 month]

[oata Logger (Envidas Fw)

[Dsta & Report - Check logging adta & Report

[ow system

|Data and Display : Check the data display

|Lighting

Cabinet LED Lighting : Check

Air Condition

i ] JE] g
5

]

Check and Clean

6 Month

2.0 Preventive Maintenance Schedule CEMs Analyzer Yearly Contract PM

Year

Month no.

Month

Weeks

% Completion

2024

2024

2024

ith

2th

3th

d Note

Jan

April

July

Preventive Maintenance on May

w2

w2

W3

Preventive Maintenance on I-Tebmary

Preventive Maintenance on November
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TEST & CALIBRATION REPORT

REPORT NUMBER :
‘ Pt PTTLNG COMPANY LIMITTED e ACATION  39G s Combie siuch
"‘m SERVICE LOCATION 1 1810-AT-251 {Dust), 1610-AT-252 (CEMS)
Document Title PLANT LOCATION 1 MAP TA PHUT LNG RECEIVING TERMINAL
Inspection of Continuous Emission Monitoring Systems (CEMS) WORK ORDER NO. : pate: O/ 2024
Item No. 3 1610-AT-252 WORK ORDER TYPE 1 -—
INSPECTION DATE H k! EXPIRE DATE

-|n.~. .
r i1
2
ﬁ_h-'_f

I
! NO_, CO, SO 4
I, T _imerner_|
g | |
S ke S -y
. - NDIR Method Ell - Campular
) tccm
T S—
IS e o P
a —
..’ x Local
B
HMI
Paramagnetic

PHYSICAL & FUNCTION

1.Check the gas analyzer is normal operating.

2.Check temperature of heated line keep in set-point.
3.Check the gas feed pump unit is normal cperating.
4.Check operating of cooler is normal.

5.Check both condensate drain are normal operating.
6.Check sample flow is in the limit.

7.Check leak for all loop net found leak point.

8.Check sample flow and bypass flow is keep in set-point.
9.Check condensate monitor is normal active.

1N Cherk eamnle nac canler is normal Aaneratinn and temneratire is keen in set-nnint

1 Heanted sampling probe . Hiot H [} . wrn

2 |Filter probe Clean O\ oo, E’I*-""‘]

3 |Back Purge filler probe Run &\)‘“ &ff\
4 |Temperature of Nox Convertor 20C 20 250

5  |Sample pump Run ﬂm ‘L]_M.

[ G conler tempersture - O G T

7 |Condeénsate drain operation Drinin t‘m:ﬂ. ﬂﬂ\‘ Y
8 |Bypass flow 1 Limiin L1 A

9 [Sample flow for CONOSO2 1 Lmin § ]

11 [Sample flow for (2 1 Lmin | {

10 [Condensate filer (Cooler) Dy & Clean M uﬂ.L
11 |Pressure of MIX Gas Span pas cylinder - 50 Bur Moty 120
14 |Pressure of 02 Span gas cylinder - 50 Bar 16{) 1‘;0
15 |Pressure of N2 Zoro gas eylinder 50 Bar lgo- ﬁED’
16 |Pressure of Cabinet 4-8 mmH20 5B 6 . G"




IIbraHun m ! 5|'.|n .-' gas analyzer.
Before calibration change CEMS sytem from measurement mode to maintenance mode
STANDARD GAS CONCENTRATION
S0 & PP
WD LR FPM | Cer Ko Ew'ﬁl "}-& Cylimder No @_ﬁgK Cer. pae. 41 &hﬁ Expary Date
02 a0 w [N 1093 2A Climderno. PAo0I S Cer Date_9% Apray |Frr Mg Apyv 57
N2 09 |« fcano Z0i% [ Cylinderno. % B cer Due 09 ep £ [ g Gop 1B
PROCESS MEASUREMENT BEFORE CALIBRATE
Farameter Range 1rmit Measurement Valoe (Aciusl) Remurk
co 0-100 PPN 1- Q0
NO {-100 PPM Q. o
s02 0-50 PPM g- 21
o 0-21 *a 15200
VALIDATION RESULT
Fxro Span
Farameier Range Unit s P PR Tal Actual =" AIIEH:::I:I'
co 0-100 [ o0.00 [-0.030[-0.00 [%05.00 [0p 29 1930 2 [we
NO) 0-100 M gon |~0-02Y | -0. 0| %010 | “9.080| 0| 2 |we 'l. :r
_ g0 | goo [-0-80 [-040 | 40.00 [203% [-0390] 1 e |C4
0 021 % 000 008 | 0.0 .00 [a1-0%0] 5.000] o [
CALIBRATION RESULT
Fern Span .
farameter e e Tieal Actual | Eressipnm) Iddeal Achiial | Krreeipni ”t"::;"‘
P (-100 mM | p.go 0-08 000\ | %05.00 [fo5AW |0\ | 2 ppe ]
NO 0-100 m |0.00 | 0-08% o.on) A0 |0.9% (0120 | 2 |pew o
502 050 v | 000 |o.0 |Gy 4000 |20.00 0080 | 1 fom ;‘:"'E
02 0-21 “ | 000 [0.00\ |[o.nN | 8100 |20.009 o0 | o3 [
PROCESS MEASUREMENT AFTER CALIBRATE
Parumeter Hange Unin Measnrement Vilue {Actual) Hemark
o 0-100 PR 1.430
NO 0-100 (S0 &, by
saz 1-50 M 0. 468
a2 0-21 " 15. %50,
ITEM DESCRIFTION MEFR N LOCATION FREQUENTLY hzselul] oo HEALARE
1 |Filier probe (heat bundie) NA WA Samely prihe Mot - -
2 (imiket for filier element NiA NA Nampds pnibs & Mot il -
1 o NA NiA Samgie b & Moathy - —
4 Tube et for perisialie pumgp SR 25 | NA NA Seampile i lex i Mewtli -— 2
L] Contact sprng for dover for penstaliics pump N'A NA Sampilc eovler it Mol — P
fi Lispuiel stop filier NA NA Sampding vysiwm & Mamhs - -—
7 Bypass filier NA N‘A Samypiling wam f Mot - b
H Condensated filer NiA NeA Aainpling vy o Wionths =i -
4 [Sample gas fier CO NA NA P —— 12 Mt - -—
10 fUniversal dust filier @ 56066 NA RiA Ansiyzer wn 12 Mutithe = -
I Pemsatic ube for condensated dran NA NA Analysce Wil Wi - -—
12 (Catalyst for NO2 - WO cotverter NiA NA Adialierr anil 12 Monides n -




PICTURE ATTACHMENT

Cerificate of standard gas

(TTE TR

Mix Gas

—r R A
g b
— gt L

Yot tha g

Oxygen Nitroan

Inspected By : POSITION : ﬂ:cfn DATE : o :;./2.’.
Approved By ! POSITION : DATE :




TEST & CALIBRATION REPORT
REPORT NUMBER !

INSPECTION DATE

PHYSICAL & FUNCTION
1.Check the gas analyzer is normal operating.
2.Check temperature of heated line keep in set-point.
3.Check the gas feed pump unit is normal operating.
4.Check operating of cooler is normal,
5.Check both condensate drain are normal cperating.
6.Check sample flow is in the limit.
7.Check leak for all loop not found leak point.
8.Check sample flow and bypass flow s keep in set-point.
9.Check condensate monitor is normal active.
1N Cherk samnle nas conler is nnrmal nneratinn and temneratire s keen in <at-nnink

0% A&

—

| | [

‘ ptt PTTLNG COMPANY LIMITTED PR < ey
m SERVICE LOCATION :  1610-AT-251 (Dust), 1610-AT-252 (CEMS)
Document Title PLANT LOCATION £ MAP TA PHUT LNG RECEIVING TERMINAL
Inspection of Continuous Emission Monitoring Systems (CEMS) WORK ORDER NO. : paTE: OF /4084 .
Item No. 1610-AT-252 WORK ORDER TYPE H =5
EXPIRE DATE ; 04 /%

NDIR Method

Ofpearial
. =)

Internet T

|
A

Computer

(CCr)

_

[

bl

=

Paramagnetic

Laocal
HMI

Heated sampling probe
2 |Filter probe Clean [ Im“ C l&ﬂ'ﬂ
3 |Back Purge filter probe R RUn 'P\ un
4 |Temperaturé of Nox Convertor 220 ¢ 126¢ M OcC
§  |Sample pump Run Ku'\"l Rm"ﬂ
6 |Gas cooler temperature s°C 5 (5]
7 |Condensate drain operation Drain frawn | 0o N
B Bypass Mow I Limim -'l 1
g |Sample flow for COND.SO2 1 Limin 1 1
11 |Sample low for 02 I Limin A
1 |Condensate filer (Cooler) Dry & Clean DTh_ [:'T"!I"
11 |Pressure of MIX Gas Span gas cylinder - S{) Bar '['b"cl 1!;0
14 |Pressare of O2 Span gas evlinder 50 Bar 15 (0] 15 (4]
15 |Pressure of N2 Zero gas cylinder - 50 Bar 6o 1950
16 |Pressure of Cabinet “Bmmi20 | K 5 | B b




bra

z:e spanl’ gas amr.
Before calibration change CEMS sytem from measurement mode to maintenance mode

STANDARD GAS CONCENTRATION
§02 W PIM
NO 8§19 | pent oo, 54 (13 Cylinder No mw Cer. Date Expiry Daie
co 802 | ppm 1 O 23 1 O 9%
o2 o w [caNo  108% lr,-"“ CylinderNo D {00 3HL Cer Date_ @ W TIES % Pev 22
N3 o999 * |Cerdo o0y [y Cylinder Mo ou) Cor. Due g0 Sgp A [ - m
PROCESS MEASUREMENT BEFORE CALIBRATE
Parameter Range Unit Measurement Value (Actual) Hemark
[+ 0-100 PPM LE
NO g-100 rps %Wk
soz 0-50 FPM .29
o 0-21 % 15, O%
VALIDATION RESULT
Parameter Runige Wt s Lo Error
tebent Actaal | Ervorippe) Tebeat Actunl | Fresippm) Allowabie
co 0-100 it 0.00 I 0.3 | s, 0 ‘30!‘5:?’ 0.%0 2 |ppm
O 0-100 M| o0 |-1-36%|-VB0Y | &30 | 81,90 [-1.AA0| : [ i
sz 0-50 " | 000 |-0.3X |-03Wd | 40.00 (409 |-0.90] 1 |we |0
02 0-21 o o.00 -ﬁ-'l!"’\ -0.39% 2-c0 !1-0‘“ “0.04)] 03 |
CALIBRATION RESULT
fern Span
TR i . Tibeal Axtual Eirorppasy Tdeal Actuil Ervncipjpm) "‘:“‘"“::"‘
co 0-100 v | 0,00 | -a0p%t | ~0.BY 6. © (30500 | 0.4 | 2 [wm
No 0-100 | ogo [-0.0m [-0.0F | 90.90 [30.000] 000 [ 2 [ o
s02 0-50 FPM .00 0.0% | p.o¥ 40 .00 &4, % | ¢.0\ v |p :::'l’:
0 0-21 o 000 | 3.004 [0.004 | .00 | 3049 [0.0Y | o2 |
PROCESS MEASUREMENT AFTER CALIBRATE
Parameter Range lni Measurement ¥ alue (Aciual) Romark
o 0-100 PN 0. sU
NO 0100 M 4. o
502 {150 PEMm 0.9l
02 0-21 % s, 010

ITEM DESCRIFTION MFR PN LOCATION VREQUENTLY it ioud R WENLARK
| [Fiher probe theat bundlei NA KA Sampl pnib  Minths = -
2 Ginsket for flier clement NA NiA Sampls porbe s Munthe —_— -
3 O-ting N'A NA Sample puuhe & Mot - -
& |Tube set for peristaltic pussp SR 25.1 NA NA Samp coilss Mo = -
3 Contact spring for dnver for penstaltics pump N'A N'A Kampds eovler i Mot - -
6 [Liguid stop et L N:A I — i Bsutin - -
T Bypass filier N'A NA Hemmplang wysican 1 Mot - -—
X Condensated filier NA NA Rawnphng wystgm 6 My -_ -—
] Sample pas filler OO NiA NiA Amayrer uns 13 Mthi - —
10 [Univiersal dust lter # S6064 NA N'A Al unt 13 Mo - -
I Perisiane whe for condensned drain KA NA Awalyes usil i Wil =53 -
12 (Catalyst for MO2 | NO canverter NA NA Ay umnl 12 Mowilia = -—




PICTURE ATTACHMENT

Cerificate of standard gas

Mix Gas

Oxygen Nitroen
Inspected By : } POSITION : ’@GM DATE : 03/ ﬂljf ]
Approved By : POSITION : DATE :




TEST & CALIBRATION REPORT

Inspection of Continuous Emission Monitoring Systems (CEMS)

REPORT NUMBER

‘ et PTTLNG COMPANY LIMITTED FIELD LOCATION
M SERVICE LOCATION

Document Title PLANT LOCATION

WORK ORDER NO.

+

¥

IPG Area | Combine stack
1610-AT-251 (Dust), 1610-AT-252 (CEMS)
MAP TA PHUT LNG RECEIVING TERMINAL

01/4024

DATE :

Item No.

1610-AT-252

'WORK ORDER TYPE

EXPIRE DATE

lo/2

PHYSICAL B FUNCTION

1.Check the gas analyzer is normal operating.

2.Check temperature of heated line keep in set-point.
3.Check the gas feed pump unit is narmal operating.
4,Check operating of cooler is normal.

5.Check both condensate drain are normal operating.
6.Check sample flow Is in the limit.

7.Check leak for all loop not found leak point.

8,Check sample flow and bypass flow is keep in set-point.
9.Check condensate monitor is normal active,

10 Cherk samnle nas ranlar is narmal aneratinn and temneratiire is keen in spt-nnint

-..T' T Ll
L [
, —\0] L
— = U=
i 7 NO,, CO, S0 4
iy e u * _Internet |
i
* :hi | | ‘ -—.—H Ecnounuu
2 Ly NDIR Method jﬁ 238 Gy
[feeosooan| (CCR)
. e
_.___..,:, :“ L ..... 0! I
T . [ -
- i
=) [
.
m =¥ Local
HMI
Paramagnetic

1 |Heated snmpling probe Haot

2 |Filter probe Clean Cmel?fﬂ Clﬁﬁ"\"
3 |Back Purge filter probe Run Farn, F.U\r\

4 Temperature of Nox Converlor 200 230 540

5 |Sample pump Run fam T

6 |Gas cooler tempernture 5°C & @

7 |Condensate driin operation Drain EH-N\(\ u?hm
8 |Bypass Now | L/min 4 ‘

9 |Sample flow for CO.NO.SO2 I Limin 1 |

11 |Sample flow for 02 I L/min ﬂf q

10 [Condensate filter (Cooler) Dry & Clean

11 |Pressure of MIX Gas Span gas evlinder - 50} Bar Jr;‘gé‘_ QEE—
14 |Pressure of O2 Span gas cvlinder 50 Bar 170 {m
15 |Pressure of N2 Zero gas evlinder 50 Bar 180 ik
16 |Pressure of Cabinet 4-8 mmH20 ﬁ}f F_F




C

IIbrauon zero [ span for the gas any:u-.
Before calibration change CEMS sytem from measurement mode to maintenance mode
STANDARD GAS CONCENTRATION
S0 Lok S PP
N 819 | powt |Cer o _ﬂ-‘-_‘jl!jﬂ!’_ Cilinder No ﬁ;‘ﬂﬁbﬂ\‘( Cer: Dale By Dinte
o 2 PPM 1 Dﬂ!‘- 3 11 Cﬁ*- 3}
(4H ] Yo jtene 0¥ M4 Cylinder e DY 00 3T, Cer Dite 9 ﬁ'?r 24 " B fpr 33
i ; i lcerm " ‘ - Eapiry Dig
N2 9990 o |CerNa 0925 Cylinder No ad\ Cer. Dale gu‘gql; By riig 95? 25
PROCESS MEASUREMENT BEFORE CALIBRATE
Farnmeter Hange Uit Measurement Vabue (Aciual) Hemurk
o 0-100 PEM 0.34%
NG 0-100 I L.bXD
502 0-50) PPN 1. Yot
oz 0-21 % 16 b
VALIDATION RESULT
Lero Span
TR . o tdbeul Actunl | Exesrippmy ldeal Actual | Eevorippe “ir:'::’"
0 0-100 mM | p.00 [0 | OW [ s08.00 [R04A9(0.02 ] : wwm
NO 0-100 | 0.00 [0.0] [o.01| 03¢ |g0.9/0.06] 2 [wm |on
502 0-50 M o0.00 |0.81 a.™ 4o.00 | 4o A ~041] 1 [oow ch:I.L
o1 0-21 % g.p |0-0V| 0.0\ | 8100 |00 | © 03 [
CALIBRATION RESULT
Ziero i
Farnmeter g i Iideal Aetual Freavippmi Idesl H:\uuu ot ppmi ME‘::;"'
co 0-100 P oco | @-00| o-00| R0F.0 | QOB.A-0.07| 2 |wm
NO 0-100 | 0.00 [0.01 [ g.01 | 8670 [ vode[0.22] = [ |
501 0-50 PIM 0.00 |p.o\ | 0.m 40.00| 4o.B.|-0,11] 1 |wm :;L
02 021 “ | 000 [0.04 |0.0n | P00 | 26.a¥ 0.02] o2 |n
PROCESS MEASUREMENT AFTER CALIBRATE
Parnmeter Hange 1'nit Measureiment Viabae (Actual) Remark
co 0-100 FIM 0.%L
NO) 0-100 PEM B 4%)
502 0-50 T 0. '?qq
oz 0-21 a 15 . f.ﬂ
ITEM DESCRIFTION MFR N LOCATION PREQUENTLY Renidiod s HEMANK
1 |Filier protbie (heat bundle) NA NA Naamg b 1 Mot = =
2 Ciasket For filier element N'A N'A Saamgibe b i Miomths -y -
3 |O-ing NA NiA Kaamgile privks & Manhs - -
4 Tulbse aet for peristalue pump SR 25| N'A NA Samyile g ke i Montlis = -
§ Contacy spring for drver for pensilnes pump NA NiA Katiaple grweley B Mol = =
[ Laguad s1op filter NA NIA Samyiling spsan It - -
1 Bypass filier NA NA CaT p—— o Miitis ol -
8 |Condensated filier NA N'A Saniling wywem w Mok - -
4 |Sumple ge filter CO NA N'A TP —— ¥2 ket - -
10 |Universal dust filier = $6066 N'A NA T —p— 12 it = Lo
n Pensmntie tishe for condensated dram A NA Analyrer il 1 homshe ol =
12 |Catalysi for NOZ ' NO converier NiA NiA Anshyzer mmn 12 Mlomsing = -




PICTURE ATTACHMENT

Cerificate of standard gas

[T

Mix Gas

a6

- i b
—a ‘;L‘-E::l-"'l*

Oxygen Nitroen

Inspected By : - POSITION : “Tedln DATE : o9 /2}1
Approved By : POSITION : DATE :




TEST & CALIBRATION REPORT

REPORT NUMBER H
Pt PTTLNG COMPANY LIMITTED FIELD LOCATION i IPG Ares | Combine stack
NG SERVICE LOCATION : 1610-AT-251 (Dust), 1610-AT-252 (CEMS)
Document Title PLANT LOCATION 1 MAP TA PHUT LNG RECEIVING TERMINAL
Inspection of Continuous Emission Monitoring Systems {CEMS) WORK ORDER NO. i pare: 10/ 209y
Item No. ¢ 1610-AT-252 WORK ORDER TYPE -
INSPECTION DATE : : EXPIRE DATE : /9

NDIR Method EE E EE E Computer
[Feoeesew (CCR)
T N
B s rym
_| ) B [— ==

— 1
‘m)

5 = Local

L s

Paramagnetic

PHYSICAL & FUNCTION

1.Check the gas analyzer is normal operating.

2.Check temperature of heated line keep in set-point.

3.Check the gas feed pump unit is normal operating.

4.Check operating of cooler is normal.

5.Check both condensate drain are normal operating.

6.Check sample flow is in the limit,

7.Check leak for all loop not found leak point.

8.Check sample flow and bypass flow is keep in set-point.

9.Check condensate monitor is normal active,

1N herk samnle nas ronler i nnrmal pneratinn and temneratire ic keen in set-nnint

I [Heated sampling probe Hot W Bo

b Filter probe Clean ﬂ:‘@ﬂ" ﬂb‘éﬂ‘
3 Back Purge filter probe Run Ban Eu'ﬂ
4 |Temperature of Nox Converfor 20C 030 ¥

5 [Sample pump Run 9.,»\ ﬂu'l\
6 |[Gas cooler emperature 55 Ll 5]

7 [Condensate drain operation Dirain ﬂpﬁﬂ Dm'lﬂ
& |Bypiss flow I Lniin 4 1

9 [Sample flow for CONOSO2 | Lmin A q

11 |Sample Now for 02 | L/min A 1

10 |Condensate filter (Cooler) Dry & Clean ?’rﬂ_ M
11 |Pressure of MIX Gas Span gas cylinder 50 Bar %o !9‘0
14 |Pressure of 02 Span gas cylinder 50 Bar i 8 &
15 |Pressure of N2 Zero pas cylinder - 50 Bar 160 190
16 |Pressure of Cabinet 4-8 mmH20 9.‘5— ﬁ_'ﬁ




Ir:tjon zero [ span for the gas analyzer.
Before calibration change CEMS sytem from measurement mode to maintenance mode
STANDARD GAS CONCENTRATION
S0z Lt FEM
NO LIR PPM |Cer Nu.ﬁi" 1'15 Cylinder No "‘W%HK Cer. Dine. Expary Dic
o0 K02 PPM 1M (kj' 3B Yy
a2 210 W |cane  gg '3'3-.{11[ Colinder No D Ho0 SH, Cer Date_ Jny ﬁ?fiq o v 90, Aoy 29|
N2 a.001 * [CorNo 0oi6 fl‘] CylinderNo. (g} Cer. Dute_ 07 Fop 8N |77 g sep 35 ]
+ T
PROCESS MEASUREMENT BEFORE CALIBRATE
Parameler Range Llnabic Aleasurement Valoe (Actual) Hemuork
o (1100 M 1.845
O 0-100 PPM % g_alq
S02 =50 JEEY] o. 51&
oz 0-21 T . 46
VALIDATION RESULT
Parameter Ranpe Ukt e Som - l:"::'hh
Ideal Actual Lorvesppm Teleal Actual Frrarippmi
<o b0 | wn |o.0r |0.7] | 0% | 896-00 | Y05 P|-0,78] : |wm
No 0-100 | o.a0 [vo) [ 10 [ eove [Ro.b%|0.03 | & for i
502 0-50 w (o.0 [0.0% | 005 | 4o0.00 |24.0% (0P| 1 [wm :::;L
o2 021 “ 0.9 [0.410 5.0 .00 | 200 © 03 |
CALIBRATION RESULT
fern Span
R o o Tddeul Actiual Eriurijipim Tdeal Actial Erini{ppim | "'"“E::;"
o 0-100 i | 0.09 [0.01 [0.01 [fos-00 [20X4% 005 [ = [wm
X0 100 | e | oo [0.0\ |0.0) | godo | Q0.bb[@,0%] = [ |in
sa2 0-50 PEM 0oc | 0.8 | 008 | 40.00 | 4o ¥ |0 M| ¢ [ |0
o2 0-21 Y 0.00 | 0,071 | ooy gl.ed | 91.00| O L b
PROCESS MEASUREMENT AFTER CALIBRATE
Farameler Hange Umin Measurement Vahse | Actual) Remark
co 0-100 PPM 0.0
NO 0-100 FIM $.00%
502 1-50 PPM 0.9
0z 0-21 L 16.5Y
ITEM DESCRIFTION MFR N LOCATION FREQUENTLY H'_L‘r’"?g't u";“\'ﬂ REMANK
1 |Finer probe (hem bundic) NA NA Sumply panhe f Manths o -
3 skt for filter element NiA NiA samply pobe 0 Manths - _
1 Ohring NA NA Sample pavke b Matitlis — ==
4 Tube set for peristaitic pump SR 25 | A NA Namagdis wrtetlit # Mimths o -
5 Contact sprng for dover for penstaltics pump RiA N Samgike anwler i Mimths s s
[ Lnpue] st filter NA NA Samplnp sdvm i My e -_—
¥ Bypass Nier NiA NeA Samgling svsan # hhowi - =
8 Condensated fihe HA NiA Sampling sydam  Mewihn P -
L] Sample gas filier OO NA NA Anabyias wm)| 12 Maths - _—
10 Universal dust flier & S6066 N'A NiA enabyrer wmt 12 Mimilis - -
11 [Pensanc mbe for condensated drain NiA N Anadyest wnil ¥ Myl - -
12 Catalysy for NO2 - NO convener KA NA Afiabyzet winit 12 Maiiihia o —




PICTURE ATTACHMENT

Cerificate of standard gas

Mix Gas

Oxygen Nitroen

Inspected By : POSITION : "'fcgﬂ_l/l DATE : o /.'I*‘\'
Approved By : POSITION : DATE :




TEST & CALIBRATION REPORT
REPORT NUMBER :
Pt PTTLNG COMPANY LIMITTED FIELD LOCATION : 1PG Area / Combine stack
NG SERVICE LOCATION 1610-AT-251 (Dust), 1610-AT-252 (CEMS}
Document Title PLANT LOCATION : MAP TA PHUT LNG RECEIVING TERMINAL

Inspection of Continuous Emission Monitoring Systems (CEMS)

WORK ORDER NO.

DATE :

M /80324

Item No. H 1610-AT-252

WORK ORDER TYPE

INSPECTION DATE

N/ER

EXPIRE DATE

HE
=

I_j
ym

_—

NO,, CO, S0,

{a

il
|1 ]
- “i e \ _f-— e
' NDIR Method
S
- g—
Paramagnetic

PHYSICAL & FUNCTION

1.Check the gas analyzer is normal operating.

2.Check temperature of heated line keep in set-point.
3.Check the gas feed pump unit is normal operating.
4.Check operating of cooler is normal.

5.Check both condensate drain are normal operating.
6.Check sample flow is in the limit.

7.Check leak for all loop not found leak point.

8.Check sample flow and bypass flow is keep in set-point.
9.Check condensate monitor is normal active,

10 Cherk samnle Aas ranler is normal nneratinn Aand temneratire ic keen In <pt-nnint

Heated sampling probe . Haot
1 |Filer probe Clean Clorm Clm
3 |Back Purge filer probe Run FU‘“ R.u-n
4 Temperature of Nox Convertor 2200 p Ty 20 .
5  |Sample pump Run Barn '?w-r-
6 |Gas cooler temperature 55 i F
7 |Condensate drain operation Drain By iy
8 Bypass flow I Lmin 4 A
9 |Sample flow for CONOSO2 | Lmin | 1
1 [Sample flow for 02 | Limin | 1
10 |Condensate filer (Cooler) Dy & Clean M M
11 |Pressure of MIX Gas Span gas evlinder 50 Bar 120 80
14 [Pressure of O2 Span gas cylinder 50 Bar W'O 78]
15 |Fressure of N2 Zero gas eylinder 50 Bar e nedy
16  [Pressure of Cabinet 4-8 mmH20 5.9 pH

Computer
[CCR)




Calibration zero / span for the gas analyzer,
Before calibration change CEMS sytem from measurement mode to maintenance mode
STANDARD GAS CONCENTRATION
s02 0.8 PPM
NO g1a PPM |Cor No _E!""i‘ /2& Cylinder Mo PoetiLsK Cer Date T 051-' 98 |Equy Due
co W2 | EeM " tb
o 210 w |cano 10w 24 Cylinderne. D 40009 T Cer Dac 26 fpr 2l [ go, Apy 32
N2 990 | % |CaNe @AY /2 1 Cylinderdo iyl Cor Daie_pf Sap 2| |7 @ Gep 75
PROCESS MEASUREMENT REFORE CALIBRATE
Parumetir Hange Tlmit Mewsurement Value (Actual) Resiaik
co 0-100 FPM 1. 8@
NOI 0100 i ]
502 0-30 PP 1.749
o1 0-21 “ \&. o'
VALIDATION RESULT
Lern Span
e el w fideal Actual | Eevwcippe Tdeal Actial | Errorippmi ”f‘::'r“*
co 0-100 | g ag =419 | -9AL | %0500 |$04.98|0.0L 1 |ppm
RO 0-100 M | .00 -6.49| 0| So3e v2.04 O.QE 2 |ppm :ir
2 o0 | v |0.00 |00 | 001 40-00 | K] [0-14 | 1 | |
oz 0-21 v |oeo 0.0y [ 00 [ .00 [ 8 [-0. 0] o+ |-
CALIBRATION RESULT
Parumeter Range Uit . il Errar
1deal Aetwal | Lerurippm) ldeal Attanl | Ereotippa Allowable
o 0-100 M |y 0a o.0 ‘ G -0\ gos.a) | ¥05 .0\-0,01 17 |ppm )
N G0 | mm | ge |0:00 | ool | 8030 | @03 [~0.0p] 1 [ |aw
s02 (1501 PPM peo |-oA | -0 40-00 | 40.01}-©.01] ' |wm st:lrlu
o1 0-21 % 002 |m. 00 |0.04 27.00 | St.on| © 03 [%
PFROCESS MEASUREMENT AFTER CALIBRATE
Purameter Runpge Unit Mensurement Valoe | Actual Remark
[&4] 0100 PEM 0.L48
NO 1100 M y. A%
502 0-50 TPM a.anl
o1 321 L 1@ .8/
ITEM DESCRIFTION MFR PN LOCATION FREQUENTLY ol s HEALAIL
1 Filier probe (heat bundie) NA N/A Sanipile peche i Wit -~ -
4 Ginsket lor Glier clement Na NiA Samiple prsh i Mowihs = -_
1 |o-ning Nk NA Samplo pibc B Monihs = -
4 Tube set For penstaliic pump SB35 | N WA sample cooles & Wl tlis - e
-] Contact spring for dover for penstadtion pump NA NA Hampl cvsler  Montlia — =
f Lagusd stop filees NA NA Samplng eyt & o - -—
Brvpass filie MiA NA Samplag wsiem & Rlousha e —_
% |coodenssied filer NA WA Snamplisy o s ¥ Wbt - =
] Sample gus filier OO NA N'A Al s §2 Monsilnn - -
(L] Utrversal dust filier & Ax066 KA NiA A |yres uns 12 Mty - C
L1 Fensiane tube for condensated drmn NiA N'A Azaly mw usmin 1 Mitths - ik
12 [Cwalys for NOZ - NO converter NA NA Asalyeit il 12 Mimilis 5 —




PICTURE ATTACHMENT

Cerificate of standard gas

2

\ B i

e T i VAR

\

b

e b P Y AR

Oxygen

Inspected By :
Approved By :

Mix Gas

Nitroan
POSITION : Tecl DATE : 1" El\
POSITION : DATE :




TEST & CALIBRATION REPORT

REPORT NUMBER :
‘  iid PTTLNG COMPANY LIMITTED FIELD LOCATION : IPG Area / Combine stack
NG SERVICE LOCATION : 1610-AT-251 (Dust), 1610-AT-252 (CEMS)
Document Title PLANT LOCATION i MAP TA PHUT LNG RECEIVING TERMINAL
Inspection of Continuous Emission Monitoring Systems (CEMS) WORK ORDER NO. : pate: 4 /D094
Item No. : IGI0-AT-252 WORK ORDER TYPE  : 10/ 94
INSPECTION DATE : YT TR EXPIRE DATE : o /Ao

—_
Py flas sarur s """ ‘
| | e )/
-y "
= S
| sle a
i gan: : _]i;,._J
! — NO_, CO, SO
18y s — J‘LHJ_T
H ---i | “ _Ii'l._ 4 oﬁ}ooonon
; i NDIR Method ]% e —
Cooo00a0 (ECR)
o rjo - @
_‘ il-rf.-
I\.-.‘
1 s Local
HMl

Paramagnatlc

PHYSICAL & FUNCTION

1.Check the gas analyzer is normal operating.

2.Check temperature of heated line keep in set-point,

3.Check the gas feed pump unit is normal operating.

4.Check operating of cooler Is normal.

5.Check both condensate drain are normal operating.

6.Check sample flow is in the limit,

7.Check leak for all loop net found leak point.

8.Check sample flow and bypass flow is keep in set-point.

9.Check condensate monitor is normal active,

1N Cherk samnle nas ronler is normal nneratinn and temneratiire ic keen in spt-naint

1 |Heated sampling probe o — Het H- o

1 |Filter probe Clean Cleew | Claen
3 |Back Purge filler probe Run FUT‘ F‘m
4 |Temperature of Nox Converior 200 2&_0 20

5 |Sample pump Run F-\H\ {b’q

G |Gas cooler iemperature 5°C o) P

7 |Condensate drain operation Drain i 'i]-m"h
4 |Bypass Now I Limin 1 1

9 |Sample low for CO,NO,S02 1 Lmin | |

11 |Sample flow for O2 I L'min 1 x

10 |Condensate filier (Cooler) Dry & Clean 'D"EL

11 [Pressure of MIX Gas Span gas cyhinder 50 Bar 150 %o
14 |Pressure of 02 Span gas eylinder 50 Bar Voo !

15 |Pressure of N2 Zero gos cylinder 50 Bar &,&c’l a00]
16 |Pressure of Cabinet 44 mmH20 | B v ‘E' ]




Calibration zero ! npa for the gas ﬂﬂﬂ'f!lf.

Before calibration change CEMS sytem from measurement mode to maintenance mode

STANDARD GAS CONCENTRATION

s02 ELE ) PrEM
RO L1R PPM |Cer No. &‘q# fib Cylinder No Hﬂﬂ%"‘ Cer Date a’ Expury Diaie
o W2 | oM fl od 23 1 ‘Wf b
m 210 =, |CerNn mg}f '!ﬂ Cylinder Mo 9 Lmﬂ“}ﬂ Cer Date ﬂ)h!"f JI‘HHI% M &l
M2 4,099 # |Cer Mo onis '.l"m Cylinder No u*ﬂ Cer Daie (0] %11 Fagrry IlmtbﬁFw
t T
PFROCESS MEASUREMENT BEFORE CALIBRATE
Farumueter Range Unit Measurement Value (Actual) Remurk
o 0-100 PPN 1. ha%
NO 0-100 ey 4.1%
502 0-50 PIM n. 4%
o2 0-21 " 1818
VALIDATION RESULT
- ) Fern Span Bivor
o e o Ideal Actiaal Errmppmi lileal Actual Erveippan) Allywalbibe
co 0-100 (o0 [o-W | oM [ee5.00 | 9044/ C.O2] 2 [ -
NO 0-100 M | g.00 .30 | ~l3e0 RO | WY oA | 2 | oo

ps 0-50 M 1g.00 |0aH |04 | 20.90| 40 1-0,Q%]| 1 e |F
o1 021 % o.00 a\\ oM 24.00 | 8\ .48 O3] 03 |

CALIBRATION RESULT
Parumeter Range Unit Fers Spun Byeor
Tdenl Actual | Eersripgnd Ideal Aciual | Errurippmi Allowable
o (=100 wv | 0.00 |0.0) | 0.0) |30500 [0013}O1F]| : foem
NO {1100 PEM 0.00 |-0-04 ~0.0| g0.%0 81.01 -0.31 7 liom -”“’I
= e ™ | 0.00 |-0.0h | “0eY| 40.@ | H0AS |-0AF]| 1 fwe |0
o 021 " 0.0C | ~o.pf | -0 | 81,00 | 2114 O] o |

PROCESS MEASUREMENT AFTER CALIBRATE

Parameter Range Tlmin Measurement ¥ alue (Actual) Remark
o 0-100 FPM o2l
NO 0-100 (IoY] 5- 0%
502 01-30 FFM 0.7k
o2 0-21 L0 . af

ITEM DESURIFTION MFR N LOCATInN FMEQUENTLY ':mj["t ":E'I::Tﬂ HENARK
1 |Filter probe (heat bundie) NA NA Sanpl peihe & Mhanth = =
Z Cinsket for filier elemen NA NA Sanple phe i Mamtii - -
3 Dring RA NA Rampie prrhe f Wmiilis — =
4 Tube sef for peristaliic punyp SK 25 | N'A NA Rample sk & Wity —_ =
A Contact spring for dnver for penstaliics pump N'A NA Sampls avelor 1 Mmiths —_— -
i Lagguaidd stop filker NA NiA Sanplsg Hlem # Mlanibis - -
T Bypass filier WA NA Sanglanp aaem v Mentha — -—
% |condensaed filier NA NA re—— B Mo - —_
g Sumple gas filer CO L NiA Asalyzer ann 12 Minilie L -—
il Uiniversal dust flier # Shil6d NA N'A Munaly @ ikl 12 Mbini - -—
1 Penstatic (uhe for condensated drmm NiA NA Anabyse uan (TR s -
2 Catalve for NO2 - NO converter NiA N'A T e p— 12 Memiiie — -




PICTURE ATTACHMENT

Cerificate of standard gas
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Version: R0002.0002
SAFETY DATA SHEET Date of issue: 2017-08-18
LG C hem Revision date: 2018-02-06
Cyclo-PENTANE Change List:
Copyright 2017. LG Chem, Ltd. all rights reserved.

1. IDENTIFICATION

A. Product name
- Cyclo-PENTANE [CYCS5]

B. Recommended use and restriction on use
- General use : Solvent. Car Fuel. azeotropy Distillaiong Agent. Analgesic.

- Restriction on use : Not available

C. Manufacturer / Supplier / Distributor information

o Manufacturer information

- Company name : LG Chem Co.Ltd

- Address : Jeolanam-do Yeosu-si Yeosusandan-4-ro 58
- Dept. : BD/BTX Production Team

- Telephone number 1 +82-61-689-3344

;f;“g;fency telephone ., o> 61-689-3344

- Fax number 1 +82-61-689-3166

- E-mail address
o Supplier/Distributer information
- Company name
- Address
- Dept.
- Telephone number

- Emergency telephone
number

- Fax number

- E-mail address

2. HAZARD IDENTIFICATION
A. GHS Classification
- Flammable liquids : Category2

- Skin corrosion/irritation : Category2

- Serious eye damage/irritation : Category2A

- Specific target organ toxicity(Single exposure) : Category3(Narcotic effects)

- Specific target organ toxicity(Single exposure) : Category3(Respiratory tract irritation)
- Aspiration hazard : Categoryl

- Chronic aquatic toxicity : Category3

B. GHS label elements

o Hazard symbols

o Signal words
- Danger
o Hazard statements
- H225 Highly flammable liquid and vapour
- H304 May be fatal if swallowed and enters airways

- H315 Causes skin irritation



- H319 Causes serious eye irritation
- H335 May cause respiratory irritation.

- H336 May cause drowsiness and dizziness.

- H412 Harmful to aquatic life with long lasting effects

o Precautionary statements

1) Prevention

- P210 Keep away from heat/sparks/open flames/hot surfaces. No smoking.

- P233 Keep container tightly closed.

- P240 Ground/bond container and receiving equipment.

- P241 Use explosion-proof electrical/ventilating/lighting/equipment.

- P242 Use only non-sparking tools. Flammable liquids (chapter 2.6) 1, 2, 3

- P243 Take precautionary measures against static discharge.

- P261 Avoid breathing gas/mist/vapours/spray.
- P264 Wash hands thoroughly after handling.

- P271 Use only outdoors or in a well-ventilated area.

- P273 Avoid release to the environment.

- P280 Wear protective gloves/protective clothing/eye protection/face protection.

2) Response

-P301+P310 IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician.

- P302+P352 IF ON SKIN: Wash with plenty of soap and water.
- P303+P361+P353 IF ON SKIN (or hair): Remove/Take off immediately all contaminated clothing. Rinse skin with water/shower.

- P304+P340 IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing.

- P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do.
Continue rinsing.

-P312 Call a POISON CENTER or doctor/physician if you feel unwell.

- P321 Specific treatment
-P331 Do NOT induce vomiting.

- P332+P313 If skin irritation occurs: Get medical advice/attention.

- P337+P313 If eye irritation persists: Get medical advice/attention.

- P362 Take off contaminated clothing and wash before reuse.
-P370+P378 In case of fire: Use Suitable extinguishing media for extinction(Refer Section MSDS 5).
3) Storage

- P403+P233 Store in a well-ventilated place. Keep container tightly closed.

- P403+P235 Store in a well-ventilated place. Keep cool.

- P405 Store locked up.

4) Disposal

- P501 Dispose of contents/container in accordance with local/regional/national/international regulation

C. Other hazards which do not result in classification : (NFPA Classification)

o NFPA grade (0 ~ 4 level)

- Health : 2, Flammability : 3, Reactivity : 0
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3. COMPOSITION/INFORMATION ON INGREDIENTS

Chemical Name Trade names and Synonyms CAS No. Content(%)
Cyclopentane Pentamethylene 287-92-3 95~98.5
2,2-Dimethylbutane - 75-83-2 >0.5
Pentane Amyl hydride 109-66-0 >0.3

4. FIRST AID MEASURES

A. Eye contact

- Do not rub your eyes.

- Immediately flush eyes with plenty of water for at least 15 minutes and call a doctor/physician.

- Get medical attention immediately.

- Go to the hospital immediately if symptoms(flare, irritate) occur.

- Remove contact lenses if worn.
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B. Skin contact
- Flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes.
- Laundering enough contaminated clothing before reuse.
- Get medical attention immediately.
- Go to the hospital immediately if symptoms(flare, irritate) occur.
- Wash thoroughly after handling.

C. Inhalation contact
- When exposed to large amounts of steam and mist, move to fresh air.
- Take specific treatment if needed.

- Get medical attention immediately.

D. Ingestion contact
- Please be advised by doctor whether induction of vomit is demanded or not.
- Rinse your mouth with water immediately.
- Get medical attention immediately.

- If swallowed, large amounts of water to drink and do not induce vomiting.

E. Delayed and immediate effects and also chronic effects from short and long term exposure
- Not available

=

Notes to physician

- Notify medical personnel of contaminated situations and have them take appropriate protective measures.

5. FIREFIGHTING MEASURES

A. Suitable (Unsuitable) extinguishing media
- Dry chemical, carbon dioxide, regular foam extinguishing agent, spray

- Avoid use of water jet for extinguishing

B. Specific hazards arising from the chemical

- Not available

C. Special protective actions for firefighters
- Move containers from fire area, if you can do without the risk.
- Keep unauthorized personnel out.
- Do not access if the tank on fire.
- Wear appropriate protective equipment.
- Keep containers cool with water spray.
- Vapor or gas is burned at distant ignition sources can be spread quickly.

- Due to the extremely low flash point, irrigating fire extinguishing may be less effective when put out a fire.

6. ACCIDENTAL RELEASE MEASURES

A. Personal precautions, protective equipment and emergency procedures
- Must work against the wind, let the upwind people to evacuate.
- Move container to safe area from the leak area.
- Remove all sources of ignition.
- Handling the damaged containers or spilled material after wearing protective equipment.
- Do not direct water at spill or source of leak.

- Avoid skin contact and inhalation.

B. Environmental precautions
- Prevent runoff and contact with waterways, drains or sewers.

- If large amounts have been spilled, inform the relevant authorities.



4/8

C. Methods and materials for containment and cleaning up
- Large spill : Stay upwind and keep out of low areas. Dike for later disposal.
- Notification to central government, local government. When emissions at least of the standard amount
- Dispose of waste in accordance with local regulation.
- Appropriate container for disposal of spilled material collected.
- Small leak: sand or other non-combustible material, please let use absorption.
- Wipe off the solvent.
- Dike for later disposal.
- Do not use plastic containers.

- Prevent the influx to waterways, sewers, basements or confined spaces.

7. HANDLING AND STORAGE

A. Precautions for safe handling
- Comply with all applicable laws and regulations for handling
- Get the manual before use.
- Refer to Engineering controls and personal protective equipment.
- Do not handle until all safety precautions have been read and understood.
- Do not inhale the steam prolonged or repeated.

- Avoid contact with heat, sparks, flame or other ignition sources.

B. Conditions for safe storage, including any incompatibilities
- Save in cool, dry and well ventilated place.
- Check regularly for leaks.
- Please pay attention to incompatibilities materials and conditions to avoid.
- Keep sealed when not in use.
- No open fire.
- Collected them in sealed containers.

- Store away from water and sewer.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

A. Exposure limits
o ACGIH TLV
- [Cyclopentane] : TWA, 600 ppm (1720 mg/m3)
- [2,2-Dimethylbutane] : TWA, 500 ppm (1760 mg/m3) STEL, 1000 ppm (3500 mg/m3)
- [Pentane] : TWA, 1000 ppm (2950 mg/m3)
o OSHA PEL
- [Pentane]:1000ppm 2950mg/m3

B. Engineering controls

- A system of local and/or general exhaust is recommended to keep employee exposures above the Exposure Limits. Local exhaust ventilation is
generally preferred because it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area. The
use of local exhaust ventilation is recommended to control emissions near the source.

C. Individual protection measures, such as personal protective equipment
o Respiratory protection
- Under conditions of frequent use or heavy exposure, Respiratory protection may be needed.
- Respiratory protection is ranked in order from minimum to maximum.
- Consider warning properties before use.
- Any chemical cartridge respirator with organic vapor cartridge(s).
- Any chemical cartridge respirator with a full facepiece and organic vaporcartridge(s).
- Any air-purifying respirator with a full facepiece and an organic vapor canister.

- For Unknown Concentration or Immediately Dangerous to Life or Health : Any supplied-air respirator with full facepiece and operated in a
pressure-demand or other positive-pressure mode in combination with a separate escape supply. Any self-contained breathing apparatus with a
full facepiece.

o Eye protection
- Wear primary eye protection such as splash resistant safety goggles with a secondary protection face shield.



- Provide an emergency eye wash station and quick drench shower in the immediate work area.

o Hand protection
- Wear appropriate chemical resistant glove.

o Skin protection

- Wear appropriate chemical resistant protective clothing.

o Others

- Not available

9. PHYSICAL AND CHEMICAL PROPERTIES
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A. Appearance

- Appearance Liquid

- Color colorlessness
B. Odor Unique smell
C. Odor threshold Not available
D. pH Not available
E. Melting point/Freezing point -94 C
F. Initial Boiling Point/Boiling Ranges 49 C
G. Flash point -37 C(e.c)

H. Evaporation rate

Not available

1. Flammability(solid, gas)

Not available

J. Upper/Lower Flammability or explosive limits

8.7/1.1 vol.%

K. Vapour pressure 317.8 mmHg(25°C)

L. Solubility 0.016 g/100 m¢(25 C)
M. Vapour density 2.4 (Air=1)

N. Specific gravity(Relative density) 0.8at20 C

O. Partition cocfficient of n-octanol/water 3

P. Autoignition temperature 361 C

Q. Decomposition temperature

Not available

R. Viscosity

Not available

S. Molecular weight

Not available

10. STABILITY AND REACTIVITY

A. Chemical Stability

- This material is stable under recommended storage and handling conditions.

B. Possibility of hazardous reactions

- Cylinders exposed to fire may vent and release flammable gas.

C. Conditions to avoid

- Avoid contact with incompatible materials and condition.

- Avoid : Accumulation of electrostatic charges, Heating, Flames and hot surfaces

- Avoid contact with heat, sparks, flame or other ignition sources.

D. Incompatible materials

- Not available

E. Hazardous decomposition products

- May emit flammable vapour if involved in fire.

11. TOXICOLOGICAL INFORMATION

A. Information on the likely routes of exposure

o (Respiratory tracts)
- May be fatal if swallowed and enters airways

- May cause respiratory irritation.



6/8

o (Oral)
- Not available
o (Eye-Skin)
- Causes serious eye irritation

- Causes skin irritation

B. Delayed and immediate effects and also chronic effects from short and long term exposure
o Acute toxicity
* Oral - ATE MIX : >5000mg/kg
- [Cyclopentane] : LD50 11400 mg/kg Rat (NLM: ChemIDPlus)
- [Pentane] : LD50 400 mg/kg Rat (NLM)
* Dermal - ATE MIX : Not available
- Not available
* Tnhalation - ATE MIX : Not available
- [Cyclopentane] : LC50 > 14.35 mg/€ 4 hr Rat (OSHIRI, 2009), LC50 106 mg/L Rat (ChemIDplus)
- [Pentane] : LC50 364 mg/L/4 hr Rat (HSDB, ChemIDPlus)
o Skin corrosion/irritation
- Causes skin irritation
o Serious eye damage/irritation
- Causes serious eye irritation
o Respiratory sensitization
- Not available
o Skin sensitization
- Not available
o Carcinogenicity
* JARC
- Not available
* OSHA
- Not available
* ACGIH
- Not available
* NTP
- Not available
* EU CLP
- Not available
o Germ cell mutagenicity
- Not available
o Reproductive toxicity
- Not available
o STOT-single exposure
- May cause drowsiness and dizziness.
- May cause respiratory irritation.
o STOT-repeated exposure
- Not available
o Aspiration hazard
- May be fatal if swallowed and enters airways

12. ECOLOGICAL INFORMATION

A. Ecotoxicity

o Fish
- [2,2-Dimethylbutane] : LC50 1.243 mg/t 96 hr (Estimate)

o Crustaceans
- [Cyclopentane] : EC50 10.5 mg/€ 48 hr Daphnia magna (NITE: TUCLID, 2000)
- [2,2-Dimethylbutane] : LC50 1.511 mg/t 48 hr (Estimate)
- [Pentane] : EC50 2.7 mg/{ 48 hr (IUCLID)

o Algae
- [2,2-Dimethylbutane] : EC50 1.049 mg/{ 96 hr (Estimate)
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B. Persistence and degradability
o Persistence
- [Cyclopentane] : log Kow 3 (NITE: PHY SPROP Database, 2005)
- [2,2-Dimethylbutane] : log Kow 3.82 (NLM/HSDB)
o Degradability
- Not available

C. Bioaccumulative potential
o Bioaccumulative potential
- [2,2-Dimethylbutane] : BCF = 174.3 (Estimate)
- [Pentane] : BCF 2.125
o Biodegration
- [Cyclopentane] : Non-biodegradable(because there is no data for rapid degradability and bioaccumulation potential)
- [Pentane] : 96 (%)

D. Mobility in soil

- Not available

E. Other adverse effects

- Not available

13. DISPOSAL CONSIDERATIONS

A. Disposal methods

- Since more than two kinds of designaed waste is mixed, it is difficult to treat seperatly, then can be reduction or stabilization by incineration or
similar process.

- If water separation is possible, pre-process with Water separation process.
- Dispose by incineration.

- Will be pre-processed by the separation of oil and water.

B. Special precautions for disposal

- The user of this product must disposal by oneself or entrust to waste disposer or person who other’s waste recycle and dispose, person who
establish and operate waste disposal facilities.

- Dispose of waste in accordance with all applicable laws and regulations.

14. TRANSPORT INFORMATION

A. DN No. (IMDG)
-1146

B. Proper shipping name
- CYCLOPENTANE

C. Hazard Class
-3

D. IMDG Packing group
- I

E. Marine pollutant
- Not available

- Not applicable

F. Special precautions for user related to transport or transportation measures
- Local transport follows in accordance with Dangerous goods Safety Management Law.
- Package and transport follow in accordance with Department of Transportation (DOT) and other regulatory agency requirements.
- Air transport(IATA): Not subject to LATA regulations.
- EmS FIRE SCHEDULE : F-E (Non-water-reactive flammable liquids)
- EmS SPILLAGE SCHEDULE : S-D (Flammable liquids)
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15. REGULATORY INFORMATION

A. National and/or international regulatory information
o POPs Management Law
- Not applicable
o Information of EU Classification
* Classification
- [Pentane] : H225,H304,H336,H411,
- [2,2-Dimethylbutane] : H225,H304,H315,H336,H411
- [Cyclopentane] : H225,H412
o U.S. Federal regulations
* OSHA PROCESS SAFETY (29CFR1910.119)
- Not applicable
* CERCLA Section 103 (40CFR302.4)
- Not applicable
* EPCRA Section 302 (40CFR355.30)
- Not applicable
* EPCRA Section 304 (40CFR355.40)
- Not applicable
* EPCRA Section 313 (40CFR372.65)
- Not applicable
o Rotterdam Convention listed ingredients
- Not applicable
o Stockholm Convention listed ingredients
- Not applicable
© Montreal Protocol listed ingredients
- Not applicable

16. OTHER INFORMATION

A. Reference

- The information contained herein is believed to be accurate. It is provided independently of any sale of the product for purpose of hazard
communication. It is not intended to constitute performance information concerning the product. No express warranty, or implied warranty of
merchantability or fitness for a particular purpose is made with respect to the product or the information contained herein.

- This Safety Data Sheet was compiled with data and information from the following sources: KOSHA, NITE, ESIS, NLM, SIDS, IPCS

B. Issue date
-2017-08-18

C. Revision number and Last date revised
- 3 times, 2018-02-06

D. Other
- This SDS is prepared according to the Globally Harmonized System (GHS).



@ Material Safety Data Sheet
. The Dow Chemical Company

Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012
Print Date: 06 Apr 2012

The Dow Chemical Company encourages and expects you to read and understand the entire (M)SDS,
as there is important information throughout the document. We expect you to follow the precautions
identified in this document unless your use conditions would necessitate other appropriate methods or
actions.

1. Product and Company ldentification

Product Name
DOWTHERM* Q HEAT TRANSFER FLUID

COMPANY IDENTIFICATION
The Dow Chemical Company
2030 Willard H. Dow Center
Midland, Ml 48674

United States

Customer Information Number: 800-258-2436

EMERGENCY TELEPHONE NUMBER

24-Hour Emergency Contact: 989-636-4400
Local Emergency Contact: 989-636-4400

2. Hazards ldentification

Emergency Overview
Color: Colorless to yellow
Physical State: Liquid.
Odor: Aromatic

Hazards of product:

WARNING! May cause allergic skin reaction. May cause eye irritation. May cause
skin irritation. Aspiration hazard. Can enter lungs and cause damage. Isolate area.
Highly toxic to fish and/or other aquatic organisms.

OSHA Hazard Communication Standard
This product is a "Hazardous Chemical" as defined by the OSHA Hazard Communication Standard, 29
CFR 1910.1200.

Potential Health Effects

Eye Contact: May cause slight eye irritation. Corneal injury is unlikely.

Skin Contact: Brief contact may cause moderate skin irritation with local redness. Repeated contact
may cause skin burns. Symptoms may include pain, severe local redness, swelling, and tissue
damage.

®(TM)*Trademark
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Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

Skin Absorption: Prolonged skin contact is unlikely to result in absorption of harmful amounts.

Skin Sensitization: Has demonstrated the potential for contact allergy in mice.

Inhalation: Prolonged exposure is not expected to cause adverse effects.

Ingestion: Very low toxicity if swallowed. Harmful effects not anticipated from swallowing small
amounts.

Aspiration hazard: Aspiration into the lungs may occur during ingestion or vomiting, causing lung
damage or even death due to chemical pneumonia.

Birth Defects/Developmental Effects: Has caused birth defects in laboratory animals only at doses
toxic to the mother. Has been toxic to the fetus in laboratory animals at doses toxic to the mother.

3.  Composition Information

Component CAS # Amount

Benzene, ethylenated, by-products from 68608-82-2 >99.0 %

4. First-aid measures

Description of first aid measures

General advice: First Aid responders should pay attention to self-protection and use the
recommended protective clothing (chemical resistant gloves, splash protection). If potential for
exposure exists refer to Section 8 for specific personal protective equipment.

Inhalation: Move person to fresh air; if effects occur, consult a physician.

Skin Contact: Wash skin with plenty of water. Suitable emergency safety shower facility should be
available in work area.

Eye Contact: Flush eyes thoroughly with water for several minutes. Remove contact lenses after the
initial 1-2 minutes and continue flushing for several additional minutes. If effects occur, consult a
physician, preferably an ophthalmologist.

Ingestion: Do not induce vomiting. Call a physician and/or transport to emergency facility immediately.

Most important symptoms and effects, both acute and delayed

Aside from the information found under Description of first aid measures (above) and Indication of
immediate medical attention and special treatment needed (below), no additional symptoms and
effects are anticipated.

Indication of immediate medical attention and special treatment needed

If burn is present, treat as any thermal burn, after decontamination. The decision of whether to induce
vomiting or not should be made by a physician. If lavage is performed, suggest endotracheal and/or
esophageal control. Danger from lung aspiration must be weighed against toxicity when considering
emptying the stomach. No specific antidote. Treatment of exposure should be directed at the control
of symptoms and the clinical condition of the patient.

5. Fire Fighting Measures

Suitable extinguishing media

Water fog or fine spray. Dry chemical fire extinguishers. Carbon dioxide fire extinguishers. Foam.
General purpose synthetic foams (including AFFF type) or protein foams are preferred if available.
Alcohol resistant foams (ATC type) may function.

Extinguishing Media to Avoid: Do not use direct water stream. May spread fire.

Special hazards arising from the substance or mixture
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Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

Hazardous Combustion Products: During a fire, smoke may contain the original material in addition
to combustion products of varying composition which may be toxic and/or irritating. Combustion
products may include and are not limited to: Carbon monoxide. Carbon dioxide.

Unusual Fire and Explosion Hazards: Violent steam generation or eruption may occur upon
application of direct water stream to hot liquids. Liquid mist of this product can burn. Flammable
concentrations of vapor can accumulate at temperatures above flash point; see Section 9. Dense
smoke is produced when product burns.

Advice for firefighters

Fire Fighting Procedures: Keep people away. Isolate fire and deny unnecessary entry. Do not use
direct water stream. May spread fire. Burning liquids may be moved by flushing with water to protect
personnel and minimize property damage. Contain fire water run-off if possible. Fire water run-off, if
not contained, may cause environmental damage. Review the "Accidental Release Measures" and
the "Ecological Information" sections of this (M)SDS.

Special Protective Equipment for Firefighters: Wear positive-pressure self-contained breathing
apparatus (SCBA) and protective fire fighting clothing (includes fire fighting helmet, coat, trousers,
boots, and gloves). Avoid contact with this material during fire fighting operations. If contact is likely,
change to full chemical resistant fire fighting clothing with self-contained breathing apparatus. If this is
not available, wear full chemical resistant clothing with self-contained breathing apparatus and fight fire
from a remote location. If protective equipment is not available or not used, fight fire from a protected
location or safe distance.

6. Accidental Release Measures

Personal precautions, protective equipment and emergency procedures: Isolate area. Keep
unnecessary and unprotected personnel from entering the area. Refer to Section 7, Handling, for
additional precautionary measures. Use appropriate safety equipment. For additional information,
refer to Section 8, Exposure Controls and Personal Protection.

Environmental precautions: Prevent from entering into soil, ditches, sewers, waterways and/or
groundwater. See Section 12, Ecological Information. Spills or discharge to natural waterways is likely
to kill aquatic organisms.

Methods and materials for containment and cleaning up: Contain spilled material if possible.
Small spills: Absorb with materials such as: Non-combustible material. Collect in suitable and
properly labeled containers. Large spills: Dike area to contain spill. Pump into suitable and properly
labeled containers. Wash the spill site with water. See Section 13, Disposal Considerations, for
additional information.

1. Handling and Storage

Handling

General Handling: Avoid contact with eyes, skin, and clothing. Do not swallow. Wash thoroughly
after handling. See Section 8, EXPOSURE CONTROLS AND PERSONAL PROTECTION.

Other Precautions: Spills of these organic materials on hot fibrous insulations may lead to lowering of
the autoignition temperatures possibly resulting in spontaneous combustion.

Storage

Store in the following material(s): Store in tightly closed container. Do not store in: Opened or
unlabeled containers. See Section 10 for more specific information. Additional storage and handling
information on this product may be obtained by calling your sales or customer service contact.
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Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

8. Exposure Controls / Personal Protection

Exposure Limits

Component List Type Value
Dowtherm Q Dow IHG TWA 4 ppm
AIHAWEEL  TWA 7.8 mg/m3 1 ppm

Personal Protection

Eye/Face Protection: Use safety glasses (with side shields).

Skin Protection: Use protective clothing chemically resistant to this material. Selection of specific

items such as face shield, boots, apron, or full body suit will depend on the task.
Hand protection: Use gloves chemically resistant to this material. Examples of preferred
glove barrier materials include: Viton. Polyethylene. Polyvinyl chloride ("PVC" or "vinyl").
Styrene/butadiene rubber. Polyvinyl alcohol ("PVA"). Ethyl vinyl alcohol laminate ("EVAL").
Examples of acceptable glove barrier materials include: Butyl rubber. Neoprene. Chlorinated
polyethylene. Nitrile/butadiene rubber ("nitrile” or "NBR"). NOTICE: The selection of a specific
glove for a particular application and duration of use in a workplace should also take into
account all relevant workplace factors such as, but not limited to: Other chemicals which may
be handled, physical requirements (cut/puncture protection, dexterity, thermal protection),
potential body reactions to glove materials, as well as the instructions/specifications provided

by the glove supplier.

Respiratory Protection: Respiratory protection should be worn when there is a potential to exceed
the exposure limit requirements or guidelines. If there are no applicable exposure limit requirements
or guidelines, wear respiratory protection when adverse effects, such as respiratory irritation or
discomfort have been experienced, or where indicated by your risk assessment process. For most
conditions no respiratory protection should be needed; however, if discomfort is experienced, use an
approved air-purifying respirator. The following should be effective types of air-purifying respirators:
Organic vapor cartridge with a particulate pre-filter.

Ingestion: Avoid ingestion of even very small amounts; do not consume or store food or tobacco in
the work area; wash hands and face before smoking or eating.

Engineering Controls

Ventilation: Use local exhaust ventilation, or other engineering controls to maintain airborne levels
below exposure limit requirements or guidelines. If there are no applicable exposure limit
requirements or guidelines, general ventilation should be sufficient for most operations.

9. Physical and Chemical Properties

Appearance
Physical State
Color
Odor
|| O0dor Threshold
pH
Melting Point
Freezing Point
Boiling Point (760 mmHg)
Flash Point - Closed Cup
Flash Point - Open Cup
Evaporation Rate (Butyl
Acetate = 1)
Flammable Limits In Air

Vapor Pressure
Vapor Density (air = 1)
Specific Gravity (H20 = 1)

Liquid.

Colorless to yellow

Aromatic

No test data available

Not applicable

Not applicable to liquids

<-40 °C (<-40 °F) Literature

267 °C (513 °F) Literature .

121 °C (250 °F) Setaflash Closed Cup ASTMD3278
Cleveland Open Cup ASTM D92 None
<0.1 Estimated.

Lower: 0.55 %(V) Literature
Upper: 5.5 %(V) Literature
0.002 mmHg @ 25 °C Literature
6.5 Literature

0.97 20 °C/25 °C Literature
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Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

Solubility in water (by very low

weight)

Partition coefficient, n- 4.08 - 6.01 OECD Guideline 117 (Partition Coefficient (n-octanol /
octanol/water (log Pow) water), HPLC Method)

Autoignition Temperature 412 °C (774 °F) ASTM E659

Decomposition No test data available

Temperature

Kinematic Viscosity 4.15 cSt @ 20 °C Literature

Molecular Weight 190 g/mol Literature Average

10.  Stability and Reactivity

Reactivity
No dangerous reaction known under conditions of normal use.

Chemical stability
Thermally stable at typical use temperatures.

Possibility of hazardous reactions
Polymerization will not occur.

Conditions to Avoid: Exposure to elevated temperatures can cause product to decompose.
Incompatible Materials: Avoid contact with oxidizing materials.
Hazardous decomposition products

Decomposition products depend upon temperature, air supply and the presence of other materials.
Decomposition products can include and are not limited to: Benzene.

11.  Toxicological Information

Acute Toxicity
Ingestion
LD50, rat, male and female > 5,000 mg/kg
Inhalation
No deaths occurred following exposure to a saturated atmosphere. LC50, 1 h, Vapor, rat > 1.6 mg/l
Eye damage/eye irritation
May cause slight eye irritation. Corneal injury is unlikely.
Skin corrosion/irritation
Brief contact may cause moderate skin irritation with local redness. Repeated contact may cause skin
burns. Symptoms may include pain, severe local redness, swelling, and tissue damage.
Sensitization
Skin
Has demonstrated the potential for contact allergy in mice.
Respiratory
Relevant data not available.
Repeated Dose Toxicity
Based on available data, repeated exposures are not anticipated to cause additional significant
adverse effects.
Chronic Toxicity and Carcinogenicity
Relevant data not available.
Developmental Toxicity
Has caused birth defects in laboratory animals only at doses toxic to the mother. Has been toxic to the
fetus in laboratory animals at doses toxic to the mother.
Reproductive Toxicity
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Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

In animal studies, did not interfere with reproduction. In animal studies, did not interfere with fertility.
Genetic Toxicology
In vitro genetic toxicity studies were negative.

12.  Ecological Information

Toxicity

Material is highly toxic to aquatic organisms on an acute basis (LC50/EC50 between 0.1 and 1 mg/L in
the most sensitive species tested).

Aquatic Invertebrate Acute Toxicity
EC50, Ceriodaphnia Dubia (water flea), static test, 48 h, immobilization: 0.17 mg/I

Persistence and Degradability

Based on stringent OECD test guidelines, this material cannot be considered as readily biodegradable;
however, these results do not necessarily mean that the material is not biodegradable under
environmental conditions. Material is inherently biodegradable (reaches > 20% biodegradation in
OECD test(s) for inherent biodegradability).
OECD Biodegradation Tests:

Biodegradation Exposure Time Method 10 Day Window

40.6 % | 29d | OECD 301B Test | fail |

Theoretical Oxygen Demand: 3.07 mg/mg

Bioaccumulative potential

Bioaccumulation: Bioconcentration potential is moderate (BCF between 100 and 3000 or Log Pow
between 3 and 5).

Partition coefficient, n-octanol/water (log Pow): 4.08 - 6.01 OECD Guideline 117 (Partition
Coefficient (n-octanol / water), HPLC Method)

Mobility in soil
Mobility in soil: Expected to be relatively immobile in soil (Koc > 5000).
Partition coefficient, soil organic carbon/water (Koc): > 5,000

13.  Disposal Considerations

DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY BODY OF WATER. All
disposal practices must be in compliance with all Federal, State/Provincial and local laws and
regulations. Regulations may vary in different locations. Waste characterizations and compliance with
applicable laws are the responsibility solely of the waste generator. AS YOUR SUPPLIER, WE HAVE
NO CONTROL OVER THE MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF
PARTIES HANDLING OR USING THIS MATERIAL. THE INFORMATION PRESENTED HERE
PERTAINS ONLY TO THE PRODUCT AS SHIPPED IN ITS INTENDED CONDITION AS
DESCRIBED IN MSDS SECTION: Composition Information. FOR UNUSED & UNCONTAMINATED
PRODUCT, the preferred options include sending to a licensed, permitted: Recycler. Reclaimer.
Incinerator or other thermal destruction device.

14.  Transport Information

DOT Non-Bulk
NOT REGULATED
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DOT Bulk
NOT REGULATED

IMDG

Proper Shipping Name: ENVIRONMENTALLY HAZARDOUS SUBSTANCE, LIQUID, N.O.S.
Technical Name: Benzene, ethylenated, by-products from

Hazard Class: 9 ID Number: UN3082 Packing Group: PG llI

EMS Number: F-A,S-F

Marine pollutant.: Yes

ICAO/IATA

Proper Shipping Name: ENVIRONMENTALLY HAZARDOUS SUBSTANCE, LIQUID, N.O.S.
Technical Name: Benzene, ethylenated, by-products from

Hazard Class: 9 ID Number: UN3082 Packing Group: PG Il

Cargo Packing Instruction: 964

Passenger Packing Instruction: 964

Additional Information

MARINE POLLUTANT

This information is not intended to convey all specific regulatory or operational
requirements/information relating to this product. Additional transportation system information can be
obtained through an authorized sales or customer service representative. It is the responsibility of the
transporting organization to follow all applicable laws, regulations and rules relating to the
transportation of the material.

15.  Regulatory Information

OSHA Hazard Communication Standard

This product is a "Hazardous Chemical" as defined by the OSHA Hazard Communication Standard, 29
CFR 1910.1200.

Superfund Amendments and Reauthorization Act of 1986 Title lll (Emergency Planning
and Community Right-to-Know Act of 1986) Sections 311 and 312

Immediate (Acute) Health Hazard Yes
Delayed (Chronic) Health Hazard No
Fire Hazard No
Reactive Hazard No
Sudden Release of Pressure Hazard No

Superfund Amendments and Reauthorization Act of 1986 Title Ill (Emergency Planning and
Community Right-to-Know Act of 1986) Section 313

To the best of our knowledge, this product does not contain chemicals at levels which require reporting
under this statute.

Pennsylvania (Worker and Community Right-To-Know Act): Pennsylvania Hazardous
Substances List and/or Pennsylvania Environmental Hazardous Substance List:

To the best of our knowledge, this product does not contain chemicals at levels which require reporting
under this statute.

Pennsylvania (Worker and Community Right-To-Know Act): Pennsylvania Special Hazardous
Substances List:

To the best of our knowledge, this product does not contain chemicals at levels which require reporting
under this statute.

California Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986)
This product contains no listed substances known to the State of California to cause cancer, birth
defects or other reproductive harm, at levels which would require a warning under the statute.

Page 7 of 8



Product Name: DOWTHERM* Q HEAT TRANSFER FLUID Issue Date: 04/05/2012

US. Toxic Substances Control Act

All components of this product are on the TSCA Inventory or are exempt from TSCA Inventory
requirements under 40 CFR 720.30

CEPA - Domestic Substances List (DSL)

All substances contained in this product are listed on the Canadian Domestic Substances List (DSL) or
are not required to be listed.

16.  Other Information

Hazard Rating System
NFPA Health Fire Reactivity
1 1 0
Recommended Uses and Restrictions
Identified uses
Intended as a heat transfer fluid for closed-loop systems. For industrial use only. We recommend that
you use this product in a manner consistent with the listed use. If your intended use is not consistent
with the stated use, please contact your sales or technical service representative.

Revision

Identification Number: 50465 / 0000 / Issue Date 04/05/2012 / Version: 8.0

Most recent revision(s) are noted by the bold, double bars in left-hand margin throughout this
document.

Legend

N/A Not available

WWw Weight/Weight

OEL Occupational Exposure Limit

STEL Short Term Exposure Limit

TWA Time Weighted Average

ACGIH American Conference of Governmental Industrial Hygienists, Inc.

DOW IHG Dow Industrial Hygiene Guideline

WEEL Workplace Environmental Exposure Level

HAZ DES Hazard Designation

Action Level A value set by OSHA that is lower than the PEL which will trigger the need for
activities such as exposure monitoring and medical surveillance if exceeded.

The Dow Chemical Company urges each customer or recipient of this (M)SDS to study it carefully and
consult appropriate expertise, as necessary or appropriate, to become aware of and understand the
data contained in this (M)SDS and any hazards associated with the product. The information herein is
provided in good faith and believed to be accurate as of the effective date shown above. However, no
warranty, express or implied, is given. Regulatory requirements are subject to change and may differ
between various locations. It is the buyer's/user's responsibility to ensure that his activities comply with
all federal, state, provincial or local laws. The information presented here pertains only to the product
as shipped. Since conditions for use of the product are not under the control of the manufacturer, it is
the buyer's/user's duty to determine the conditions necessary for the safe use of this product. Due to
the proliferation of sources for information such as manufacturer-specific (M)SDSs, we are not and
cannot be responsible for (M)SDSs obtained from any source other than ourselves. If you have
obtained an (M)SDS from another source or if you are not sure that the (M)SDS you have is current,
please contact us for the most current version.
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NeBadsumaNiznausaaNalaaananani3ngk 30Hak NINYIA- SHINAN 2567

7091 2,951 An

fau Sufldhousy
1 2 N.9. 67
2 2 N.e. 67
3 2 N.e. 67
4 2 N.9. 67
5 2 N.9. 67
6 2 N.9. 67
7 2 N.e. 67
8 2 N.e. 67
9 2 N.e. 67
10 2 N.e. 67
11 2 N.e. 67
12 2 N.e. 67
13 2 N.e. 67
14 2 N.e. 67
15 2 N.e. 67
16 2 N.e. 67
17 2 N.e. 67
18 2 N.e. 67
19 2 N.e. 67
20 2 N.e. 67
21 2 N.9. 67
22 2 N.9. 67
23 2 n.A. 67
24 2 n.A. 67
25 2 n.A. 67
26 2 N.e. 67
27 2 N.e. 67
28 2 N.9. 67
29 2 N.9. 67
30 2 n.A. 67
31 2 n.A. 67
32 2 n.A. 67
33 2 n.A. 67
34 2 n.A. 67
35 2 n.a. 67
36 2 n.a. 67
37 2 n.a. 67
38 2 n.A. 67
39 2 n.A. 67
40 2 n.a. 67
41 2 n.a. 67
42 2 n.a. 67
43 2 n.a. 67
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fau Sufldhousy frintin %a-mwaqa UIEN NANIFDL
560 18.0.67 Agl%
561 1&.0.67 Agth
562 1&.0.67 Agth
563 18.0.67 [Agih
564 1&.9.67 Agth
565 18.9.67 Agth
566 18.9.67 Agth
567 18.0.67 Aglh
568 18.0.67 Agth
569 1&.0.67 Agth
570 1&.0.67 Agth
571 1&.0.67 Agth
572 1&.9.67 [Agth
573 1&.0.67 Agth
574 1&.0.67 Agl%
575 1&.0.67 Agth
576 1&.0.67 [Agth
577 1&.0.67 [Agth
578 1&.0.67 Agth
579 1&.0.67 [Agi%
580 1&.0.67 [gi%
581 1&.0.67 [Agi%
582 18®.9. 67 HI%
583 1®.9. 67 M
584 1 8.9.67 H%
585 1&.0.67 Agth
586 1&.0.67 [Agi%
587 1&.0.67 [gi%
588 1&.0.67 [Agi%
589 1®.9. 67 HI%
590 1®.9. 67 M
591 1 8.9.67 H%
592 1 8.9.67 Mt
593 18.9.67 Mt
594 1 8.9.67 M
595 1 8.9.67 M
596 1 8.9. 67 Mt
597 1 8.9. 67 M
598 1 8.9.67 M
599 1 8.9.67 M
600 1 8.0.67 M
601 1 8.9.67 M
602 1 8.9.67 M
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7091 2,951 An

fau Sufldhousy
1119 3 n.b. 67
1120 3 n.b. 67
1121 3 n.b. 67
1122 3 Nn.b. 67
1123 3 Nn.b. 67
1124 3 Nn.b. 67
1125 3 Nn.b. 67
1126 3 n.b. 67
1127 3 n.b. 67
1128 3 n.b. 67
1129 3 n.b. 67
1130 3 N.b. 67
1131 3 N.b. 67
1132 3 n.b. 67
1133 3 n.b. 67
1134 3 n.b. 67
1135 3 N.b. 67
1136 3 n.b. 67
1137 3 n.4. 67
1138 3 n.b. 67
1139 3 N.4. 67
1140 3 N.4. 67
1141 3.0 67
1142 3.0 67
1143 5 n.8. 67
1144 5n.4. 67
1145 5n.4. 67
1146 5n.4. 67
1147 5n.4. 67
1148 5 n.8. 67
1149 5 n.8. 67
1150 5 n.80. 67
1151 5 n.0. 67
1152 5 n.8. 67
1153 5n.8. 67
1154 5 n.8. 67
1155 5 n.8. 67
1156 5 n.8. 67
1157 5 n.8. 67
1158 5n.8. 67
1159 5 n.8. 67
1160 5 n.8. 67
1161 5n.8. 67
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fau Sufldhousy
1549 16.9. 67
1550 16.9. 67
1551 16.9. 67
1552 16.9. 67
1553 16.9. 67
1554 16.9. 67
1555 1.0.9. 67
1556 16.9. 67
1557 1.0.9. 67
1558 16.9. 67
1559 16.9. 67
1560 16.9. 67
1561 16.9. 67
1562 16.9. 67
1563 16.9. 67
1564 16.9. 67
1565 16.9. 67
1566 16.9. 67
1567 16.9. 67
1568 16.9. 67
1569 16.9. 67
1570 16.9. 67
1571 16.9. 67
1572 16.9. 67
1573 16.9. 67
1574 16.9. 67
1575 1.0.9. 67
1576 16.9. 67
1577 16.9. 67
1578 16.9. 67
1579 16.9. 67
1580 3 6.9. 67
1581 3 q.9. 67
1582 3 q.9. 67
1583 3 9.9. 67
1584 3 q.9. 67
1585 3 9.9. 67
1586 3 9.9. 67
1587 3 q.9. 67
1588 3 9.9. 67
1589 3 9.9. 67
1590 3 9.9. 67
1591 3 q.9. 67
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fau Sufldhousy
2022 5 W.8. 67
2023 5 W.8. 67
2024 5 W.8. 67
2025 5 W.8. 67
2026 5 W.8. 67
2027 5 W.8. 67
2028 5 W.8. 67
2029 5 W.8. 67
2030 5 W.8. 67
2031 5 W.8. 67
2032 5 W.8. 67
2033 5 W.8. 67
2034 5 W.8. 67
2035 5 W.8. 67
2036 5 W.8. 67
2037 5 W.8. 67
2038 5 W.8. 67
2039 5 W.8. 67
2040 5 W.8. 67
2041 5 W.8. 67
2042 5 W.8. 67
2043 5 W.8. 67
2044 5 W.e. 67
2045 5 W.8. 67
2046 5 W.1. 67
2047 5 W.8. 67
2048 5 W.8. 67
2049 5 W.8. 67
2050 5 W.8. 67
2051 5 W.8. 67
2052 5 W.8. 67
2053 5 N.8. 67
2054 5 N.8. 67
2055 5 N.8. 67
2056 5 N.8. 67
2057 5 N.8. 67
2058 5 N.8. 67
2059 5 N.8. 67
2060 5 N.8. 67
2061 5 N.8. 67
2062 5 N.8. 67
2063 5 N.8. 67
2064 5 N.8. 67
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fau Sufldhousy frintin %a-mwaqa UIEN NANIFDL
2538 3 5.9. 67 Agl%
2539 3 5.9. 67 Agth
2540 3 5.9. 67 Agth
2541 3 5.9. 67 [Agih
2542 3 5.9. 67 Agth
2543 3 5.9. 67 Agth
2544 3 5.9. 67 Agth
2545 3 5.9. 67 Aglh
2546 3 5.9. 67 Agth
2547 3 5.9. 67 Agth
2548 3 5.9. 67 Agth
2549 3 5.9. 67 Agth
2550 3 5.9. 67 [Agth
2551 3 5.9. 67 Agth
2552 3 5.9. 67 Agl%
2553 3 5.9. 67 Agth
2554 3 5.9. 67 [Agth
2555 3 5.9. 67 [Agth
2556 3 5.9. 67 Agth
2557 3 5.9. 67 [Agi%
2558 3 5.9. 67 [gi%
2559 3 5.9. 67 [Agi%
2560 3 7.9. 67 HI%
2561 3 5.9. 67 O
2562 3 5.9. 67 O
2563 3 5.9. 67 Agth
2564 3 5.9. 67 [Agi%
2565 3 5.9. 67 [gi%
2566 3 5.9. 67 [Agi%
2567 3 5.9. 67 M
2568 3 7.9. 67 M
2569 3 5.9. 67 I
2570 3 5.9. 67 M
2571 3 5.9. 67 I
2572 3 5.9. 67 O
2573 3 5.9. 67 MO
2574 3 5.9. 67 O
2575 3 5.9. 67 M
2576 3 5.9. 67 W
2577 3 5.9. 67 O
2578 3 5.9. 67 O
2579 3 5.9. 67 O
2580 3 5.9. 67 O
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