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s 1 0
GUEFITEY, AATgIU (R8s 1 7)
1) 1uuau (Benzene) el 1.7 wg/m?
2) liilamaslss (Vinyl Chloride) lalAn 10 pe/m?
3) 1,2-laAaalsdinu (1,2-Dichloroethane) ladifin 0.4 pg/m’
4) lnspaslsiensau (Trichloroethylene) laiiu 23 peg/m’
5) lnaaalsiiinu (Dichloromethane) Lavin 22 pe/m’
6) 1,2-lamanlslnsiny (1,2-Dichloropropane) LAy 4 pg/m?
7) wnsyAaslsendau (Tetrachloroethylene) laliAn 200 pg/m?
8) Aaalsnasu (Chloroform) sl 0.43 pe/m?
9) 1,3-Ummladu (1,3-Butadiene) LaliAin 0.33 pe/m’
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No. | VOCs 51811l (ug/m®) 2% Tu9 (ug/m°)
1 Acetaldehyde 860
2 Acrylonitrile 10
3 Benzene 1.7 7.6
4 Benzyl Chloride 12
5 1,3-Butadiene 0.33 5.3
6 Bromomethane 190
7 Carbon Tetrachloride 150
8 Chloroform 0.43 57
9 1,2-Dibromoethane 370
10 1,4-Dichlorobenzene 1100
11 1,2-Dichloroethane 0.4 48
12 Dichloromethane 22 210
13 | 1,2-Dichloropropane 4 82
14 1,4-Dioxane 860
15 | 2-Propenal/acrolein 0.55
16 | Tetrachloroethylene 200 400
17 1,1,2,2-Tetrachloroethane 83
18 | Trichloroethylene 23 130
19 | Vinyl Chloride 10 20
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Table 3.3 — Uncontrolled VOC emissions at a typical facility.

Average Uncontrolled

Component VOC Emissions Ctonr) Percent of Total Emissions
Pumps 19 3
Valves 408 62
Connectors 201 31
Open-ended lines = 1
sampling connections 11 2
Pressure relief valves 5 1

Total 653

source: Emission factors are from Protocol for Equiprment Leak Emission Esti-
mates, EPA-A53/R-95-017, Mov 1995, and equipment counts in Table 2.2,

More recent data
indicates that open-
ended lines and
sampling connections
each account for ap-
proximately 5-10% of
total VOC emissions.
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Table 3.2 — Equipment component counts at a typical
refinery or chemical plant.

Component Range Average
Pumps 10 — 350 100
Valwes 150 — 4,000 7,400
Connectors B0 — &0, 000 12,000
Cipen-endead lines 1-1,800 S8
sampling connections 20 — 200 S0
Fressure relief valves 5— 360 20
Source:

‘Cost and Emission Reductions for Meeting Percent Leaker Require-
ments for HOMN Sources.” Memorandum to Hazardous Crganic NESHAP

Residual Risk and Review of Technology Standard BEulemaking docket. Docket
ID EPA-HG-OAR-2005-04 750105,




Most equipment 8490 of emissions
doesn’t come from
leak 0.13% of

N components

100-

N

ml%Total Coun

H1% Total Emissions

Y

0l T Ty Al T4 -

T T T : ‘ 2
0-99 ppm 100-499 ppm 500-999 ppm 1,000-9,999 10,000-49,999 50,000-99,999 >100,000
PpPmM Ppm PPpm PPmM

Taback et al., 1997, API Publ 310, “Analysis of Refinery Screening Data” 13
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JARD D
40 CFR Pumps Pumps Valves Valves Agitator Compressors, Connectors or
Part 63 Light Liquid Hea Vapor/Gas, Light Hea
(Lig iquid) ( vy (Vap 9 ( vy flanges, Open-ended valves or
Liquid) Liquid) Liquid)
lines, Pressure relief valves
Ph Ph Ph Ph Ph Ph
Sampling connection
1 2 3 1 2 3
Existing 10,000 | 5,000 | Polymer =5,000 | Polymer= | 10,000 | 500 500 500 10,000 500
Sources Food/medical = | 9000
2,000 Food /
Others = 1,000 | Medical =
2,000
New 5,000 | Polymer = 5,000 500 500 500 10,000 500
Others =
Sources Food/medical = | 2 oo
2,000
Others = 1,000
40 CFR 10,000 10,000 10,000 Compressors, Pressure relief
Part 60 valves (gas/vapor), Open-ended

valves or line, Sampling

connection = 500

Pressure relief valves (liquid),

Connectors = 10,000
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NENVDILARD (Agitators %38 Mixers) 21&7 (Valves) Vi #1
Uangida (Open-ended lines) Tasiansaninudan (Connectors
%38 Flanges) qﬂﬂifﬁa@ﬂmm”u (Pressure Relief Devices) 3@

LNUMBENRIILAN (Sampling Connections)
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n15Uaaya1INanE¥a198991n Lana1s Protocol for Equipment Leak Emission
Estimates, 1995, EPA-453/R-95-017, Emission Standards Division

U.S. Environmental Protection Agency, Office of Air and Radiation

Office of Air Quality Planning and Standards. Research Triangle Park, North

Carolina 27711, November 1995
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VOCs Source Categories : Fugitives

Three service categories were defined:

1. Gas/vapor - material in a gaseous state at operating
conditions;

2. Light liquid - material in a liquid state in which the sum of
the concentration of individual constituents with a vapor
pressure over 0.3 kilopascals (kPa) at 20 °C is greater than or
equal to 20 weight percent;

3. Heavy liquid - not in gas/vapor service or light liquid

service.



Approach 1: Average Emission Factor Approach

SOCMI Average Emission Factors

Emission Factor
Equipment Type Service (kg/hr per suurce)b

Valves Gas 0.00597

Light liquid 0.00403

Heavy liquid 0.00023
Pump seals® Light liquid 0.0199

Heavy liquid 0.00862
Compressor seals (Gas 0.228
Pressure relief valves Gas 0.104
Connectors All 0.00183
Open-ended lines All 0.0017
Sampling connections All 0.0150

Source: EPA. November 1995, Table 2-1.
These factors are for TOC emission rates.
The light liquid pump seal factor can be used to estimate the leak rate from agitator seals.



Approach 1: Average Emission Factor Approach

Refinery Average Emission Factors

Emission Factor
Equipment Type Service (kg/hr per Sﬂlll‘(‘E)b

Valves Gas 0.0268

Light liquid 0.0109

Heavy liquid® 0.00023
Pump seals® Light liquid 0.114

Heavy liquid® 0.021
Compressor seals Gas 0.6306
Pressure relief valves Gas 0.16
Connectors All 0.00025
Open-ended lines All 0.0023
Sampling connections All 0.0150

* Source: EPA. November 1995, Table 2-2. Based on data gathered in the 1970°s.

These factors are for non-methane organic compound emission rates.

The lLight liquid pump seal factor can be used to estimate the leak rate from agitator seals.

The Amernican Petroleum Institute 1s conducting a program to develop revised emassion factors for
components in heavy liquid service. Contact state or local agencies to determine the appropriate
application of heavy liquid emission factors.



Approach 2: Screening Ranges Approach
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Approach 2: Screening Ranges Approach

SOCMI Screening Ranges Emission Factors

210,000 ppmv <10, 000 ppuv
Emissicon factor Emission factor
Ecquipment type Service (kg/hr/zource) @ (kg/hr/source) 2
Valves Gas 0.0782 0.000131
Light liguid 0.0892 0.0001&5
Heavy ligquid 0.00023 0.00023
Pump sealsb Light ligquid 0.243 0.00187
Heavy liguid 0.21¢ 0.00210
Compressor Gas 1.508 0.08594
seals
FPrezsure Gas 1.691 0.0447
relief wvalves
Connectors 211 0.113 0.0000810
Open-ended All 0.0119% 0.00150
lines

AThese factors are for total organic compound emission rates.

bThe light liguid pump =seal factore can be applied to estimate
the leak rate from agitator seals.



Approach 2: Screening Ranges Approach

Refinery Screening Ranges Emission Factors

=10, 000 ppmv =10, 000 ppuy
Emiszsion factor Bmission factor

Equipment type Service [kgfhrfsourcejb (kgfhrfaourcejb
Valwves Gas 0.2626 0.0006

Light licuid 0.0852 0.0017

Heavy liquid 0.00023 0.00023
Pump sealsc Light licquid 0.437 0.0120

Heavy licquid 0.3885 0.0135
Compressor seals Gas 1.608 0.08594
Pregsure relief Gas 1.691 0.0447
valves
Connectors A11 0.0375 0.00006
CUpen-ended lines All 0.01155 0.00150
ASource: Heference &.

bThese factors are for non-methane organic compound emission
rates.

“The light liquid pump seal factors can be applied to estimate
the leak rate from agitator seals.



Approach 3: EPA correlation equation approach
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Approach 3: EPA correlation equation approach

SOCMI EPA correlation equation approach

Pegged Emission Rates
Default Fero (kg/hr per source)
Emission Rate Correlation Equation
Eguipment Type (kg'hr per source) | 10,000 ppmv 100,000 ppmv {kg/hr per source)®

Gas valves 6.6E-07 0.024 0.11 Leak Rate = 1.87E-06 = (SV)**"
Light Liguid valves 4.9E-07 0.036 0.15 Leak Rate = 6.41E-06 = (SV)2™
Light liguid pumps® 7.3E-06 0.14 0.62 Leak Rate = 1.90E-05 = (V)M
Connectors 6.1E-07 0.044 0.22 Leak Rate = 3.05E-06 = (SV)5

* Source: EPA November 1993, Tables 2-9, 2-11, and 2-13. To estimate emissions: Use the default zero emission rates only when the
screening value (adjusted for background) equals 0.0 ppmv; otherwise use the correlation equations. If the monitoring device registers a
pegged value, use the appropriate pegged emussion rate.

® 8V is the screening value (ppmv) measured by the monitormg device.

* The emission estimates for light liguid pump seals can be applied to compressor seals, pressure relief valves, agitator seals, and heavy
liguid pumps.
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Approach 3: EPA correlation equation approach

efinery EPA correlation equation approach

Pegged Emission Rates
Default Zero (kg/hr per source)®
Emission Rate 10,000 Correlation Equation
Equipment Type/Service (kg/hr per source)® ppmyv 100,000 ppmv (kg/hr per source)?
Connector/All 7.5E-06 0.028 0.030 Leak Rate = 1.51E-06 = (SV)"™
Flange/All 3.1E-07 0.085 0.084 Leak Rate = 4.44E-06 * (SV)"""
Open-Ended Line/All 2.0E-06 0.030 0.079 Leak Rate = 2.16E-06 = (SV)*™
Pump/All 2 4E-05 0.074 0.160° Leak Rate = 4.82E-05 = (SV)P0
Talve/All 7.8E-06 0.064 0.140 Leak Rate = 2.28E-06 = (SV)"™
Other'/All 4.0E-06 0.073 0.110 Leak Rate = 1.32E-05 = (SV)"™%

Souwrce: EPA, November 1995, Tables 2-10, 2-12, and 2-14. Developed from the combined 1993 refinery, marketing terminal.
and cil and gas production operations data. To estimate emissions: use the default zero emission rates only when the screening
value (adjusted for background) equals 0.0 ppmyv; otherwise use the correlation equations. If the monitoring device registers a
pegzed value, use the appropriate pegged emission rate.

Default zero emission rates were based on the combined 1993 refinery and marketing terminal data only (default zerc data were
not cellected from o1l and gas production facilities).

The 10,000 ppmv pegged emission rate was based cn components screened at greater than 10,000 ppmyv; however, in some cases,
mast of the data could have come from components screened at greater than 100,000 ppmyv, thereby resulting in similar pegged
emission rates for both the 10,000 and 100,000 ppmyv pegged levels (e.g., connector and flanges).

SV 1s the screening value (ppmv) measnred by the monitoring device.

Daly two data points were available for the pump 100,000 ppmv pegged emission rate; therefore, the ratio of the pump

10,000 ppmv pegged emission rate to the overall 10,000 ppmv pegged emission rate was multiplied by the overall 100,000 ppmyv
pegged emission rate to approximate the pump 100,000 ppmv pegged emission rate.

The other equipment type includes instruments, loading arms, pressure relief valves, stuffing boxes, vents, compressors, and dump
lever arms.




Approach 4: Unit-Specific Correlation Approach
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(Mass Emission Sampling: Bagging)
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Sampling train for bagging a source using the vacuum method.
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(Mass Emission Sampling: Blow-Through)
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Equipment Required for the Blow-Through Sampling Technique
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LLAAINLUA YUAVDY ArdSuanvavuluanne
Mseuly | Waumds fuazaas | SO, | NOx | CO | HS Hg Pb
1MNA

0 (mg/m?) | (ppm) | (ppm) | (ppm) | (ppm) | (mg/m?) | (mg/m?)
1.Gas - 60 60 200 690 - - -
Turbine
2 Furnance/ | @awnaa 240 950 200 690 ; 24 5
Boiler/ L9487
Cracking
unit®
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il (mg/m?) | (ppm) | (ppm) | (ppm) | (ppm) | (mg/m?) | (mg/m?)
2 Furnance/ | Waimasing 60 60 200 690 ; ; ;
Boiler/
Cracking
unit®

B oINE N 240 950 200 690 ; 24 5
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adeuily | WemAs [y aua0, SO, | Nox | cO | H,S Hg Pb
L (mg/m? | (ppm) | (ppm) | (ppm) | (ppm) | (Mg/m?) | (mg/m?)
3.Cracking 320 700 400 690 - 2.4 5
Unit Useian

Ansin g

Y4lAN

(Coke)

4. Sulfur 500 200 690 60 - -
Recovery

Unit
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S0, 50 (ppm)
NOXx 150 (ppm)
CO 550 (ppm)
H,S 60 (ppm)
He 0.06 (mg/m°)
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£ Station: KrokYaicha Periodically: 21/08/2017 00:00-21/08/2017 12:00 Type: AVG 1 Hr. [1 Hr.]
Report Type: StationReport Avg Type: AVG
Date Time: 21/08/2017 00:00-21/08/2017 12:00 Time Base: 1 Hr. [1 Hr]
Date&Time | SO2 | NO2 | NO | NOX | CH4 | NMHC | THC | PMI0 | WSPD | WDIR | Temp | RH gP
| pob | pob | ppb | ppb | ppm | ppm | ppm | uGIM3 | mis DEG | DegC | % | MBAR |
21/08201700:00 | 055 327 017 343 221 092 313 1535 031 234 294 B84 1006
21/087201701:00 | 061 28 008 295 220 082 3( ==
210220170200 057 377 003 38 221 112 3] T MultiStation: Daily: 21/08/2017 Type: AVG 1 Hr. |-G ]
210820170300 | 055 246 003 250 221 0.86 3
21/08201704:00 | 068 152 000 152 224 0.92 3.1 MultiStation: Daily: 21/082017 Type: AVG 1 Hr.
210820170500 | 318 639 000 640 224 0% 31
210820170600 | 383 547 004 551 226 08 3.
21/0820170700 | 212 587 020 606 228 0S5 33 40 =
21/08201708:00 | 1.14 139 008 144 224 076 3 .
21/08201709:00 | 132 265 113 357 223 072 29 35 7
21/08201710:00 | 190 428 298 714 219 061 2§ —d
21/08201711:00 | 390 632 528 1136 221 074 29 J
2100820177200 | 257 456 373 815 222 072 24 25
Minimum 055 139 000 144 219 061 24 o
~ MinDate | 00:00 0800 0400 0800 1000 1000 10 3207
Maximum 380 639 528 1138 228 112 3] . ]
MaxDate 1100 0500 11:00 11:00 07:00 0200 02 4
Avg 176 391 106 491 223 084 34 10
" Num 13 13 13 13 13 13 1 .
Datal%] 1000 1000 1000 1000 1000 1000 104 5 / " !
STD 12: A7 a7 28 00 0.1 0 \\ /
= 1 1 1 1 1 1 I 1 1 1 1 1 1 I I 1 1
00 01 02 03 04 05 06 OF OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Date & Time
A Takuan(PM10[uG/M3]) e KrbY icha(PM10[LGM3])
— MAPYAPM10[UGIM3]) m— [MuzngMai Station(PM10[uG/M3])
Reference date of display
<|| Monday , August 21,2017 [@v ||| | — Today <
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