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Inversion research in VOCs source emission of naphtha tank farm in a
petrochemical enterprise in North China

WANG Guolong' DONG Youzhi® ZHAO Peng’ GAO Shaohua' ™
(1. Sinopec Research Institute of Safety Engineering, Qingdao, 266000, China; 2. Sinopec Pipeline Storage and
Transportation Co., Ltd. Science and Technology Research Center, Xuzhou, 221008, China; 3. Tianjin Oil
Transportation Office of Sinopec Pipeline Storage and Transportation Co., Ltd,Tianjin, 300451, China)

Abstract Storage tank is the most commonly used production device in petrochemical enterprises,
and also one of the most important unorganized emission sources. On the one hand, the unorganized
VOCs emission from the storage tank reduces the quality of oil products and causes a large amount
of waste of resources, on the other hand, the emission of air pollutants also seriously endangers
people's life, health and ecological environment. In view of the unorganized VOCs emission from the
petrochemical tank farm, a source strength calculation method with the advantages of both remote

sensing FTIR and inverse dispersion modeling was established. Six-day field monitoring was carried
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out in a tank farm of a petrochemical enterprise in northern China to test the actual application of the
source strength calculation method in detail, and to provide a reference and data support for the
VOCs emission characteristics of the tank farm. The results showed that the VOCs emission volume
in this area was large, which had a significant impact on the surrounding atmospheric environment;
Taking VOCs subtracted in background from those in receptors as the emission chemical
composition spectrum of VOCs in the tank farm, the volume concentration percentages of VOCs
were ecthylene (8.48%), ethane (22.73%), propane (10.35%), isobutane (8.10%), hexane (7.11%),
heptane (24.22%) and methyl tert butyl ether (6.90%); According to the source strength calculation
method, the VOCs emission of the tank farm was about 0.41 g-s™', which was 45% higher than the
calculation result of the guide formula method, owning to the influence of the unlocalized emission
factor and the changeable meteorological conditions.

Keywords remote sensing FTIR-inverse dispersion modeling, storage tank, source strength,

volatile organic compounds.
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Fig.1 Arrangement of monitoring sites around the tank area

2 GEE51E (Results and discussion)

2.1 20 73 m’ A3 i E DX R 3 VOCs e B Ak 24245353 #r
HMFHILIAE 2017 4 10 A3 IF I, i FiEAT T 6 d S is I, K . KUl 8RR At i o A
AR R ARG N3 1 Fs.

F 1 BIEHERAETEAIR B
Table 1 Detail conditions of VOCs date acquisition

SEH G W = JAm) K/ (m-s™) KREFEERE FRK B /m
Experiment number Monitoring date  Wind direction Wind speed Atmospheric stability Optical path length
1 2017.10.10 i) 3.9—5.7 C,C—D 205
2 2017.10.11 [} 3.7—6.9 C,C—D 205
3 2017.10.12 [i] 4.1—6.8 C,C—D 204
4 2017.10.14 [} 41—6.5 C,c—D 205
5 2017.10.16 . PE-phdE 3.9—6.3 C,c—D 205
6 2017.10.17 Py PH-PHE 4.1—6.9 C,C—D 205

C, A FaE ., C, Less stable. D, H14; D, Neutral.

253 6 d ANA LR, T RIS XS BE 76 41, 1 13 38 B FTIR W06 i 3 B ik 4743
Br, FH# i 14 R VOCs (L& W, 1045 7 ke ke, 3 e 1 R IE R W LA K 3 RhRERE By &5 He e ik &
Yy, ¥ ok BE 2 R e Uk VOCs. AR 45 W 0 B 8], b W 00 B4k 4 b SE 3 1—6, HETE A S A2 R
VOCs ¥ FEUN 2 s, 525 5. 5286 6 21 5 VOCs e B — & I 8h, (B 4K | 14 Ff vOCs &9
() B AR 0 T B 14 b R, At IR 22 200 0.31, 1587 20 5 m® A3 iyl i [X. VOCs T SUHERS & , 16
FH U558k S YRS AL A TR 5 S 3, M 2 RS 5 R S VOCs WRIEAFTE B 24 5, Won THEX JTC41 4!
Hejit VOCs X Jil i 445 19 S 25, B0 T 5058 5. S50 6 32445 VOCs HEROR FE 1 22 S0k, I e 45
GRE L RN — 2L 5.
2.2 20 J7 m® Al EE X VOCs HERS /%

A S S SO IR AE VOCs W 7 1A 5 W8 A X 51, BAEis e oy LA % B2 6
ST O . BT R, R B O A RVARERYR Y 30%, MITEZ RS, SRRk
3 LB B BRAI, AN 7 SRR BE 1 8.48%, b . BRBERY v B BH B 1 &, 29 o SRR BE 1) 50%. A2 145
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Fig.2 VOCs concentration in receptors and background during monitoring period

W5 I T 35 55 5 v BE (5% K 05 VOCs VE R1% 20 J7 m® 7 ki i HE X7 1% i Bk, 9 LA 22 ok 41 i
20 J7 m® Ak EEX VOCs HERUS % &, Herf 14 Fh 322040 A PR 5 B A e an &l 3 Birs, 20 7 m?
A1 Bk 9 8 DXCHE K ) VOCs AT A EM . Lt TIbE. 5 T %t ke, Bake . H 40T Sk, HAR
WP o FL o5 oh 8.48%. 22.73%. 10.35%. 8.10%. 7.11%. 24.22%. 6.90%.

301

Volume concentration percentage/%

B3 2077 m’ A1 fiihEE X VOCs Jl /il
Fig.3 Chemical profile of VOCs emitted from 200 thousand cubic meters tank area

2.3 20 7 m® A iy aE X VOCs HEBIR 5% S 5

F 20010 7 10 HSZ5 1 R B4 Uk B, AR AR SCHE A9 Y55 S T B R X 14 b 32 205 Y W R AT
U5 S, DL 14 Bi5 gLy 2 fPESR VOCs 1 FE 2R Y BT, #EMH5E 20 J7 m® A ki i X VOCs fIHE
il O, Horp AC R Ry 22 1A

ARG AT T 6 LS5, FKA5 T 76 4 SC I, K 6 41550 i) VOCs 55 S AU (H 45 % 5]
4. Qi 4 B, 1T 4 415550 VOCs W B B AR R FA2 e, 76 1.38 mg'm ™ m b ¥ 3), MEEEm 5. SE50 6
VOCs W JEAFAE—E 25, 4318 1.95 mg-m>m Fl 0.98 mg-m>-m, [A] B 52 5] 20 J5 m?® £ ik i £ X
VOCs AR AR LA, LAFT 4 45290 F2 AR VE A 20 J7 m® A7 il il IX A A% S50 e, mT 7%
HHEACE N 0.38—0.42 g-s7!, YI{H R 041 s, ML K 5 5L K 6 M E5 55050 0.55 g-s' I
0.26 g's™".

XF 6 ZH SR P A S A SRR T AT, S2EG 5, V5 Y VOCs W B i T SLEe, 2 54l
TAEN e, WX B R B I T, 5HE e BGa R A —2, TR Z AR S 75544 VOCs
JEE A v 2 57 3 VG A6 A Y55 7K A BB AR S ) T S 0 0 e B RS AR U 20 J7 m® A i e R X, 17
SRR SN, WD ECHE B B SR, TS EOR R RO A5 R B R, S 6, S RS EURE, 52
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5 6 35 KT PG - PG R X, T 20 T3 m? A i X e 0 Sy s T b, S SO AR A BN, TR
PRI R RS A ST 38 20K, SR 4 RARZZBOR.

F2 961 14 Fh VOCs L& PR 25

Table 2 Calculation case of 14 species at experiment-1

75 L4 Compounds AC/(mg:m™-m) 0/(gs™)
LI 0.0490 0.0140
L5 0.1569 0.0460
N 0.1117 0.0347

ET 0.0127 0.0054
5T 0.0064 0.0033
IET % 0.0467 0.0155
ST 0.0930 0.0267
ke 0.0169 0.005 1
o 0.1397 0.0414
Bebe 0.5929 0.1843
FH 0.0093 0.0027
Vi 0.0298 0.0089
PSR T JE 0.1270 0.0370
Ry 0.0004 0.000 1

250 7120
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5 200 e R
o0 [
E 10.80 &
”:91 1.50 \5
g H0.60 ‘%
= R ‘2
g 1.00 - 5
2 40.40 g
8 050 |
> 0.20
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Experiment number

B4 2007 m’ A IMEEX VOCs HEjil it [ i 45 58

Fig.4 Estimate of annual VOCs emission amount by the 200 thousand cubic meters tank area

24 NI EREXHE VOCs

AR 1 YRR S AR IR 20 J7 m® A G v X TG AL SUHERR VOCs HEAT T IR B S T, 558 52 T 4
T, (R T LB B i 45 A A e v, A5 22 5 LT R A AT LU AT

MR P Ab 3 A A X TC A SUHE RO SR I T A R R, — AR R B T A, R
5 256 [E EPA #4207 %5 . I CAm 1 AR TS0 ) 7k . B AL T.(CPCO) A B L A, o — Rl 2
a2 067 vk, T EAUTE 2L [ A P As (AP 2056 77 vk | R W R 2R Hh0 20 46

FEIRT 2015 FFH A T CAAT VOCs 15 4L I HER T /EFS BE )Y, SR TAEH8 ma b 1A% 55 7 i
&L EPA HEFE D7 M B MERY, X F8E X A JCAL ZUHER VOCs A% 58782 an ik, HH 56 S8 e 56 36 [ i
HE A 3 BRCDR 0 S HH 9, T T AR JEORE G T TS S s v AN BEKSF 4 T A 22 5, RN BESE 4 id
FRE. RE W, TAEFE %Rk, V3R 0&3R B H i 2200 VOCs #5071k anlEl 5 i, 15
RIS RS TARFE A A 25 R — e 2280, Horh TAEFS A A 45 80 0.65 t-month ™!, TH545 5ok
TR G HRAAARYE T AR+ me 19 B B AR SR, TV 58 S A% S 25 R 1.07 tmonth ™, S 45 R 24
L T AR A 45 R 5 45%.
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Fig.5 Estimate of VOCs emission by the 200 thousand cubic meters tank area in October

R B SRR BRI 5 IR SRS T, WA RS ] 5 IS5 Rt A7 o0 i, 8 r A ik
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S B BPIR O FEA, FLA FR A BRI | A BT | 4 R I A TR R A A — o 1 DO, A
7R AE R EE H R4, AR AT 0 A AL B A S i SR A7 A — € 228, RSN IVF 250 07 i AE Tk
AA A EAIEAE I, 223 B AR 22, ANE BRI,
BT B SR FTIR-Y B XS 4 ) 50 S 30 J7 3%, A0 0 o AL UM R S 58, 8 8 2% S i A 1Y
S SRR E Al 32, A MR 22 <15%, SR 7L B 1) 52 Pn B R A7 Aok B B I 3REE L R
FRAFLL AR RE A B T IRSSF N R A2, LUGEAS % RE VOCs HERCIR DL, IR 22l 2 #E— 27K, A
ik, 45% B 22 AR XE LAE A2, S0 A ] RS 3 B AR R AR R O, B M 00 A 00 R B A s B A 1
KT, I LI ZERIHESE 10 A B9 VOCs HE i, A7 25 1 2 3 ARt 1 ke i AR R R B, i
BOBRAZ 25 R

3 %58 (Conclusion)

BEXT T A AL HE X TC A ZUHE VOCs, 37 T[] i 4 28 2% FTIR A4 HIORE X #1291 0 35 ) I
50 ST T, 2 T 0 B FTIR 75 AN BE L% S W Ao I 2 B0 CN AR R 8 ) A 225 ] ) 2 A D7 T8 A BR 11, 9
i 13 B FTIR A RLHIE L, 2Rl G T e B QR kA 5 SRR 2 A7 77 T ) R B

R T ST G 36 5 S T AR T £ S s AR B, TR st g e P il ) A Lk A E DX VOCs HETCHS
MEFRBES, O Tl E R VOCs HEBCEE T8 07 125 AR i S (At S 4%, 7 FR IR AL 7 5o il 20 77 m?
A TN EE X AT T B 5L 5. BFFE R (D) BN Be g 20 J7 m® 1 il #E X VOCs JCAH LR
E, Z RS SR TR VOCs W BEE Kb 410r BEAFEM B 25 5%, 20 71 m’ A1 ki X VOCs HEfil iR,
X SRy R SR EAAAE B 505 (2) LAFTER 138 SR LAY 2 AR E VOCs A5 20 J7 m® A7 i il 1X
TER)TTHR, AT T 20 77 m® A7 K EE X VOCs HER R 335 1815 (3) 8% 20 J5 m? A7 i X, 7351 LI
56 S TR R M B A IE XS 10 H 4y VOCs HERCR #EATIHA, 2528905170 1.07 t-month ™, 0.65 t-month™,
PIFAFAE—E 2557, o hT S B DR R4 B 2 2k A 3 Tl IO P A AN T LA i o B i JBE 2 BT 3.

A T B T REX TC SR VOCs fY 5 S s R Y, e i M AP SE S A 0 1 A A% SR 4
AR I, (0B 25 PF B 2 2, FTRE 1 BB S B ) B iR 22, 1 HER B 22 75 Y4 U VOCs B HEL
WAL, 7 HEATRIP R B W, 255 25 e PR BT I B B ke B s AT RS, IR HEOR 5 s O G R,
DA A S T A TR ) M Af 1
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