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01 Observing the dragon @z

Invasive
sstructive
lq)lu ructive s
Slow ;
oy Non-destructive
Environmentally harmful

Rapid

\  Univariate

)
Classical analytical techniques Optical remote sensing (ORS)

£ : Scientific Computing World, July/August 2001 °
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Key word
if,w 1. Solar tracking, 2. Both of UV-IR-, 3. Emission flux, 4. Fenceline monitoring
ISOF (Solar Occultation Flux) | =
SR

DE AXUiHO b Bkt Lambert-Beert#HXlo] 719t

SOF (Solar Occultation Flux)
- ZX Ui - pagsive, Remote Sensing
- 2% 99 HYHEE (R)

- ZX 3ok : Total Alkanes, Alkenes, Ammonia

SkyDOAS (Sky Differential Optical Absorption Spectroscopy)

- EXJuH: Passive, Remote Sensing
- 2% 9% BHY AT (V)

- £X B2 : S0, NO,, HCHO

WIR Spectra
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Data e 3
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5] QA/QC W P =244 (30 doy-)

1 SOF I XA 9717 . E% XA QR ERAY =9 |.  FluxMeasure Y&
2. SkyDOAS 2. WO £ g ol 2 PRI k) (RIcy OHE i) || 2 BHETHOE &3
3. MeDOAS 3. HHZY K Ol 3. &% (SH20ll 9AIZH 14 27) 3. 24 ClolE 2ol
4, MeFTIR 4 HEF Y=Y 4 B2 GIOE Y8 G KB 4 XES AT
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1

g Sghr TSigh lOghe  ISigh
O &Y : SOF (5418

E0A 27), DIAL (150 m OXI FAOIA &%)
O BKEZH 1 05,1,15,2, 3, 5, 7.5, 10, 15 ka/hr
O £%7B: 1) (1 ~ 1.5 kg/hr 371 B2 2t SOF 18.5%, DIAL 12.5%

2) (SOFVHAI 27k (1 ~ 15 kg/hr) 12%, HIEOl F71LU+2 QAL ZA

2THA

Released (kg/hr)

* A%l HEHL 4~ kg/hrol2.2 SOFS HUETt F0F ZI02 o4t
3) 7Pt Ul Zok QxR : LIDARI0~38 m) B 12 %, Masti2-12 m) H 13%

* LIDAR tli= AIMOl 507} 52 HHEXIHC) £0I8 B8 T XY

Measured (kglhr)
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Tested sites

= Plant A Plant B Plant C s e
i Z 2 (ton/yr) (ratio : A1E7t / CAPSS)
VOCs 8,856 13,889 12,595 35,340 (2.0) 17,995 2~12
NOX 666 558 2,829 4,053 (1.3) 3,088 1~1.5
SOX 215 277 8,684 9,176 (0.7) 13,022 1~1.5

$ATIS0t irisson Measurements of VOO, NO2cred SO rom e Rsieres nthe South Cocst A Basi Usng Solr Ocoutotion Pl Ot Opticol Remote Sensing Methocks, 2015 Fiaxsense
¢ E D XFHO] HESZI0 §Q AZO AXEI0 ZI01AI i)

© Bottom-Up (A +B + C + D + E XPY BHE3 Z742H -) Mt & BiiSTF (35,340 ton/yr)
© VTN 7 (A EOII B 720 - AV 5 NS (34592 ton/y)

o £ A3 201 QAIOHUESHO| SEIGLOD 4

o

CPHK| 279 Al Bottom-Up Uibl 57 AQARES 1/52 T b5
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<Qil and petrochemical industry complex> <Oil refining industry> <Steel mill>
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© SKFAPSREI 717H SO APEREI Al%Y (211 oS Bl Z2t VOCs, SOxe 9f 15% 24, NOx 2 25% Z4
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Key word
1. Lidar, 2. Both of UV-IR, 3. Emission flux, 4. Monitoring fugitive
IDIAL (Differential Absorption Lidar) | =
® Al

DIAL (Differential Absorption Lidar)

- RE Y TS SUE

- S0 THY 7HAHS B48 BAGI01 THA SEE A

- (% AHgl) uv 500~1,000m £% 8% : NO,, SO,, NH,
IR 300~800m £%EX : VOCs, CH,, C,H,

- DIAL % 2l 3 YL E ZUGI0] tHEH ALt

njw
A

VEES

- DHRHXI0lM HEHCH,) BIET 57

- 012 MQ HY(U.S. Petroleum Association )OIkl E
MAEH TN =EE= VOCs HIZSHE A

_10_




02 ORS monitoring system - @ DIAL CEe
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|%'% RAAD =2 HIEY VOCs Bi& 3 At

VOCs emission
Al Notes
AIZHe [kg/hr] A7t [tonlyear]
YEQAAIEY 134416 98 HE A 30N 22 HET Y
pSEONES] 110%15.4 797 T7H KFFAI (35%)0lIM VOCs L&
SelojAH 14821 106.6 S¢Ho] k2 VOCs BIZZHL 2F100 ton/year
HAKYAA 5506 40 HHBIAIAGIOIA 220l
Reference : Differential Absorption Lidar M of VOC Emissions from Wytch Farm Crude Oil Gathering Station, NPL Report COEM 13
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—_— . Key word —_—
1. Fenceline 2 UEI%Y, 2. 7717t BUEI, 3. Fenceline

oHd

UV-DOAS (UV-Differential Optical Absorption Spectroscopy)
Uv ABEZ(VOCs, NO,, SO,, BTEX)E 08¢t X%
UV B0 HTE 01§ ZS 0N 2ot 24 &%

- AQY BHOIA Fenceline 2LIEITY

o¥$
712 UH7HHS 27 (HHE9 24) Ol 7Hs:
Y E= TAI9] fenceline 2UEY X20f £

- ANZHARE BO1 4% AT DS 38
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UEY-aEY
01

|agqurertet UV-DOAS &% 71

O EXXIY: M QDtobitct SO EHE LY XY (Al oF 700 m)
OE%7I17k24,8,6 ~'24,11,14

0 &%y 2Am:

O U7I#77IE tidl: SO, : 12%, NO, : 60%, Benzene 223%
0 (S0,) S5E A%l H4H2IHK| YF

0 (NO,) S¢ivt! WA g ZARYl 548 oY i
O (M) ArRYZCINCC 9! MQHIE MMEl AFYTO) Yok <“1-r¥|*1.*+_'°._f—5} -rl7<I>

S 06121824

05¢ 34¢< 80< 139< ()

CANS 7VgRIR )

NO, @si: ppby ] © Benzene 4l : ppb)

s SOF_Benzene § LS RN SOF_Benzene

SO, @sl: pob)

¢ | = SOF_Benzene
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IFIare Gas Monitoring System | =)
o v
© Yo MM U3 AMEHL $2510{ CO,, CO, HC 59

[C]co,

¥, nilcIHCi+[c]co+[c]co, x 100

Combustion Efficiency(%) =
OR &

Extractive Sampling
- Point measurement
- Not continuous monitoring

PFTIR
- Path measurement(reduced to a point)
- Not continuous monitoring

VISR
- 3D _measurement (3D flame is reduced to a 2-D image)
- Suitable for autonomous monitoring or short-term study
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02 ORS monitoring system - ® Flare Guardian (@ ==

D Existed condition D Modified condition

VSN T

H
<

— mean: 87.1% BeSt — 98.5% — 95.3% — 83.6%

Combustion Efficiency(%)
I8
8

Steam : 2.9tonlyr | Steam:0.8ton/yr | Steam:1.8 tonyr | Steam : 2.5 tonlyr

© HAEZO0 THE 247HA(CO,) ot
| arzlilLIBGHGCO)BATAM
# HE AR (mihr) UL EE 87% A R 98% Co,Z4
Flare stack 194.1 0.0592tCO, —> 0.0085 tCO, 444 tCO, eqlyr

21

03 Future works @ e

K-BIA2HOl BUIEIY AIAE

1. BEZAE 5 Hot-spot It}
{SOF(§2), DIAL(EY) |
- BB AT |G B8 0BT
()@ B A%
-QME g a

2. HER A
: DIAL, FT-IR, OGI, flare
guardian
-HZoR Y W HMHjEHS HY
TAst0] 2 A

A A
= B-I's_\"' A ‘ A Fugitive emission tracking

[OGI camera]

[y

Remote Sensing

3. 1% ®7|BLEY
: UV-DOAS, (K{H| & 41X
4. 74 Zat £ 4

: SOF . e e |
§7IELI E1 %2 %a“ xl Ax_‘ o| UV DOAS Fenceline Emitter UV DOAS Fenceline Emission UV DOAS Fenceline Detector 3
Air Quality Constant Remote Monitoring [UV DOAS]
al 2 M A
2@ #2| A p ait 24 Flare stack monitoring [IR]

22
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03 Future works Q=

| HHIS G4 $HIQTIDEH2(VOCs) ZLIEIY

O &: 2 AU SXHON KIS0 ANZH HIZY £4Q 910 Rl

12 271, ¥ JHH, HE AN § YBE 8

O Xl VOCs Z47], BUBAMK, EIOUHX|, GPS, BAIDE

O &7 BOI20 ZFYAPIDMME B 012000 Ol HEHOHE
LRIBI0! S & AHE

O TETIY: HSI(10ppb - 3ppmOILH), (£ 20ppb), HHEIZI(3Y), LTE(4G)
371(250W x 150D x 350H, mm )

0 BUEY 27 QIEII0 2 AINIZH SRRIE SOINAY, HIZHI, Q9 yoy)

>

CAURZE AP T 2 (SUERIZ BUMURHIER 24 B

03 Future works Q e

K-BIA2HOl BUIEIY AIAE

Iverview NESU EE ZUEHA WIS 8)I8 A52= 280t VOCs 58

Ambient Upwind
Monitoring

<

n

o

O’}eo/
0p

Sentinel PRO

Mlt-Area VOCs
| Monitoring

O XY AL IS

- Multi-Area VOCs Monitoring System : AFA%F Lif 3 ZOIEOfIA] Ci3f0) 21018 S5l 4% VOCsE £
. ABspot): 4% H0) 202 o3 20| % FUIE HASI0] AR SOIILID HIOEE 4

24
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© (9IXI) NIER(QUH, THOIIZ)

O (F2%7)

» Mobile/ORS(optical remote sensing) CllO|Ef A
» O71W ZUEF 3 ol

> |:|-|7|20| =bN| i OI'$| SXl _E_ M

> ORS X Zo 107 AIAEH 714k

© (AId % HI)
> XfH| B2 3 ORS 2D AIAH
> I MK, 24 G|

o2 o
> Th71% of & Al
> 22401 2O 3 HOIE] At
> T7|QBE BUIE(Y AIAG
25
03 Future works @ ez

[ IG[O[E{-Al 7|8 K| B OMHK| ol U X2 o pa ]

W75y
0]

0|55%

AN i - : : - = - -
XE e . S =) e== 7 . B0|E]

26
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CIFE S7HMSICHR] LY S8HE3 S Hze et §E
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Al 2LIE{

= EZ=XESXST CH7|E 0|SXIE SAl 235101 = - A &2
ARZZICH 3ll2

271 A= Ol 2= (AE: =)
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FeAgate@
5
- 3
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© suusae] #adad o ST
. - . N

Wind Measurements

Gas Measurements

Wwind Speed / Direction

E = =
, f g S E
- ; % P " b .‘é E
H T eG = A
) E race Gas z MWDOAS z
! s} 2
<« : g
z - &
_ Wind
Meter
WindCube
LIDAR §

Data Flow

Flux Transects
(Alkanes, NH3)

Columns

Gas Ratio Transects

GPS Information (B1EN Methurie)

Tracer Transects
(Alkanes, Methane)

Concentrations

Statistics

Emission Flux Estimates
(Alkanes, NH3;, Methane, BTEX)




(MEDOAS: Mobile extractive Differential Optical Absorption Spectroscopy)

- HBEXHIM SE5 4Esh= XEEE(In-situ) YAE 0|2
- HIH, S5, olgIMM, XIUU(BTEX)S X2 S s 53

- L% pixxo| Y2 3{0|E ME S35l M5 UV IE Yol 255~285nmE ALE3til DOAS
B&IIE 018310 4

L 7 - 1\

- (J/CHA) 244 1 ~128 (3 18] 0]4)/ |4 O|Z=ZTHMREX]
- (SFAP/E=) AMZicd 232]d W YUSH(2/<2%/0FZHAI0D
- (28) Hot Spot 23eld AE MY - XA YEEY
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B MZ4 0 o1= s1puy)

MeFTIR =& & I Total alkane)

e

‘.ﬁ = 3

SHL*

est Diff 561.38 ug
Stationary 16 s

- ScanDL 30.23 ugh
Stability 171.39 ug

18 0
\\ \\\\»;5, / \' v B

wg. Conc 34.58 u

'''' "‘ ’H; 90 m
14 ” .HIEZQ—,Q
A\ WWPW } t \ k 733~1.467ug/m’
A TN Bl ug/m3
AN A E ‘ S iher
R “\“\ S ‘ B " 1‘ |
‘ Mgt N E c 1100
| &
h WENTRT T o d  —. v
. " P' A ‘ \Q } :‘ ‘ MeDOAS =& 2 IHBTEX) | @
e | \ | 3 ‘.H ;h‘ e

L ug/m3
[za83] 4688
m—Xylene

Ethylbenzene

)

I‘ 3516
i =
ik
|\ 2344
3

1172

[ILb 0

Wind 5.4 m/s 173.6 deg
% Test Val 153.47 ug/m3

1‘ | | TestDif 589.52 ugim3

{ Stationary 16 s

i ScanDL 143.01 ug/m3

‘ | stability 3834.69 ug/m3/s

Avg. Conc 163.34 ug/m3

B M2 1= )
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B MZ4 0 o)1= s1pu)

( 234 AAHZA £F)
- MF88t A & 278 0|4
D SO XA 102], 240173, 3 MEHS

AIIE 3714, 68 YE &Y
: O ZEAREE LY 274 38|, 2AHMEE LY 1714 38

Total Alkane

ZdAoze

Benzene
30
r
25 H
— I -
57 .
= l )
= 715 ! 3 } ‘
E | | ' I f\
§ 10 - r\‘ i r | l| |
| |\
g d" T " 'j |, n !» i‘ - ". ‘| \ -
o 5@ e | / #',‘ Wi | ’-'." ’,.,‘ / '.' ,*..' a !' \/ I‘. / - Q’h\.z
CEERETEL IR S e A
o 4
PR PR IR I I R S L A 55
Time lag.
@ rrunnn sssssEsEmEmmEnEn e snsssEsEmEmmEnEn
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Time lag.

Toluene
-
z
<
p-Xylene
\
°
1

Time lag.
- 25 -
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m-Xylene

ll
| J
Ty
IX

3

Time lag.

Ethylbenzene

J
J

\ f

-

Time lag.
- 26 -

T T 1

8 8 § R °

\.Eba UoReAUAIU0)

120
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8 b B &

n&ba uopeAUBIU0Y)

100




7 MRS ATXIY..

BTEX 7|& 5= =, SH-E5

(Benzene) &3 Al7l= 1~2E, 11~12& HF SE71 =%2, Az L
AlOE A|ZECHSI 3~4(22~24A], 1~3A|) Xl ZXHo| EASE Kol5H =42

> O

O (Toluene) EX A7|= 2271 52 28, 11~128 EH2 S| =%2H, A1zt
2 EJMe= |oln|3t XI0|S 2O0|X| LAUS

O (p-Xylene) X Al7I= 11~128, 48 7 S =20, A|lzi2 072 2 2
=01 3~4(22~24A|, 13~15A|) X} £Ho| EANE KI5t 2 222 LI

O (m-Xylene) &3 A|712} AlZH2 O{E} HI@ T} EEE35H X0|S HO|X| 4oLl TS HE
MAIZI2 7~88= Ligpd

O (Ethylbenzene) Z=HA|7|1= 11~128, 38 EHF =7 =942, A1zt 2H
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