APPENDIX A: EXAMPLE CALCULATIONS



A-1. INTRODUCTION

This appendix provides example calculations demonstrating
the approaches described in chapter 2.0. A simple dataset from a
hypothetical process unit is expanded as needed to illustrate how
the data are is used in each approach. Table A-1 summarizes
information used in the example calculations. This information
includes the equipment count, hours of operation, and composition
for each stream. The stream compositions presented in table A-1
are completely hypothetical and were chosen for the sole purpose
of demonstrating the various approaches. Three streams are
presented in table A-1. Note that the hours of operation are
based on the time in which the equipment contains material.
(Even if a process unit is shutdown, if the equipment contains
material, then the shutdown time must still be included in the
hours of operation.)

Two SOCMI equipment type/service categories are used in the
example calculations: pumps/light liquid and valves/gas. The
same technique used for these equipment type/service categories
can be followed for any equipment type/service. In each of the
calculations, emissions are estimated on an annual basis.

The following sections present the example calculations. In
section A-2, the Average Emission Factor Approach is presented.
Section A-3 presents the Screening Ranges Approach. In section
A-4, the EPA Correlation Equation Approach is presented, and in
section A-5, the use of the Unit-Specific Correlation is
discussed. Section A-6 explains how to speciate emissions.
Section A-7 demonstrates three approaches for applying response
factors (RF's). Section A-8 demonstrates how to annualize
emissions when more than one screening value is collected from
individual equipment pieces over an annual time period.

Section A-9 shows how to estimate VOC emissions when screening
data are collected from equipment containing organic compounds
not classified as VOC’s. Finally, section A-10 addresses

estimating emissions from equipment containing inorganic
compounds.
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TABLE A-1. DATA FOR EXAMPLE CALCULATIONS

_ Hours of Stream composition
Equipment operation @&
Stream ID type/service Equipment count (hrlyr) Constituent wt. fraction

A Pumps/light 15 8,760 ethyl acrylate 0.80
liquid water 0.20

B Pumpsl/light 12 4,380 ethyl acrylate 0.10
liquid styrene 0.90

C Valves/gas 40 8,760 ethyl acrylate 0.65
ethane 0.25

water vapor 0.10

@Hours or operation

include all time in which material is contained in the equipment.



A-2. AVERAGE EMISSION FACTOR APPROACH

The Average Emission Factor Approach is demonstrated for
Streams A and B, which contain light liquid pumps. The SOCMI
average TOC emission factor for light liquid pumps is
0.0199 kg/hr. Based on this emission factor and data contained
in table A-1, total VOC emissions can be calculated. Note that
the TOC's in Stream A are also VOC's and that stream A contains
water, which is not a VOC. This is accounted for when total VOC
emissions are estimated from Stream A. Table A-2 summarizes the
Average Emission Factor Approach calculations.
A-3. SCREENING RANGES APPROACH

The Screening Ranges Approach is demonstrated for Streams A
and B. The calculations for the Screening Ranges Approach are
similar to those used for the Average Emission Factor Approach,
except that an emission factor for each screening value range is
used. In this example, the component screening values are
designated as either less than 10,000 ppmv or equal to or greater
than 10,000 ppmv. It is assumed that none of the light liquid
pumps in Stream A have a screening value greater than or equal to
10,000 ppmv, and one of the light liquid pumps in Stream B
screens greater than 10,000 ppmv. It is also assumed that one of
the pumps in Stream B could not be screened. Emissions from this
pump are calculated using the average emission factor. Table A-3
summarizes the calculations used in the Screening Ranges
Approach.
A-4. EPA CORRELATION EQUATION APPROACH

The EPA Correlation Equation Approach is demonstrated for
Streams A and B. The EPA Correlation Equation Approach involves
entering screening values into a correlation equation to generate
an emission rate for each equipment piece. In table A-4, assumed
screening values and the resulting emissions for each individual
equipment piece are presented. Emissions from the pump that was
not screened are estimated using the average emission factor.
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TABLE

A-2. AVERAGE EMISSION FACTOR METHOD

TOC Emission
Equipment factor Weight Fraction Hours of operation VOC emissions &
Stream ID count (kg/hr/source) of TOC (hrlyr) (kglyr)
A 15 0.0199 0.80 8,760 2,090
B 12 0.0199 1.00 4,380 1,050
Total Emissions 3,140

ayOC Emissions = (no. of components) x (emission factor) x (wt. fraction TOC) x (WP

operation).

VOAWPTOoQ * (hours of



TABLE A-3. SCREENING VALUE RANGES METHOD

TOC Emission Hours of
Equipment factor operation VOC emissions
Stream ID count (kg/hr/source) (hrlyr) (kglyr)
Components screening > _ 10,000 ppmyv &
B 1 0.243 4,380 1,060
Components screening < 10,000 ppmv a
A 15 0.00187 8,760 246
B 10 0.00187 4,380 82
Components not screened P
B (TOC wt. fraction equal to 1.0) 1 0.0199 4,380 87
Total emissions 1,480
>
U1 ayoC emissions = (no. of components) x (TOC emission factor) x (WP vOAWPToQ * (hours of operation).

bvoc emissions = (no. of components) x (average TOC emission factor) x (wt. fraction of TOC) x
(WRyodWPTOoQ x* (hours of operation).



TABLE A-4. EPA CORRELATION EQUATION METH®D

Screening value TOC mass emissions P
Equipment 1D (ppmv) (kglyr)
A-1 0 0.066
A-2 0 0.066
A-3 0 0.066
A-4 0 0.066
A-5 0 0.066
A-6 20 2.0
A-7 50 4.2
A-8 50 4.2
A-9 100 7.4
A-10 100 7.4
A-11 200 13
A-12 400 23
A-13 1,000 49
A-14 2,000 87
A-15 5,000 190
Total Stream A Emissions: 390
B-1 0 0.033
B-2 0 0.033
B-3 0 0.033
B-4 10 0.55
B-5 30 1.4
B-6 250 7.9
B-7 500 14
B-8 2,000 44
B-9 5,000 93
B-10 8,000 140
B-11 25,000 350
B-12 (100% TOC) Not screened 87
Total Stream B Emissions: 740
Total Emissions 1,130
aEquipment type: Light liquid pumps.
Correlation equation: Leak rate (kg/hr) = 1.90x10 5 x (sv) 0.824
Default-zero mass emission rate: 7.49 x 10 6 Kkg/hr
Hours of operation: Strea m A = 8,760; Strea m B = 4,380.

bvOC Emissions = (correlation equation or default-zero emission
rate) x (WP yvodWPToQ x (hours of operation)

CVOC Emissions = (average emission factor) x (wt. fraction
of TOC) x (WPvOC/WR(oQ x (hours of operation)
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A-5. UNIT-SPECIFIC CORRELATION APPROACH

Correlation equations may be developed for specific units
rather than using the more general EPA Correlation Equations.
Appendix B presents details on developing unit-specific
correlations. Once correlations are developed using the approach
outlined in appendix B, they are applied in the same manner as
described for the EPA correlations.
A-6. SPECIATING EMISSIONS

The emission rate of specific compounds in a mixture can be
calculated if the concentration of the compound in the stream is
known. The equation for speciating emissions is

Ex = EToc X (WPx/WPTOQ

where:

Ex = The mass emissions of organic chemical "X"
from the equipment piece (mass/time);

EToc = The TOC mass emissions from the individual
equipment piece (mass/time) calculated from
either the Average Emission Factor, Screening
Ranges, Correlation, or Unit-Specific
Correlation approaches;

WK = The concentration of organic chemical "X" in
the equipment piece (weight percent);

WRocC = The total TOC concentration in the equipment

piece (weight percent).

See table A-5 for a demonstration of speciating emissions of
Stream B. Because all of the equipment in Stream B contains the
same composition, the emissions can be speciated on a stream-wide
basis.
A-7. RESPONSE FACTORS

Response factors are used to correct screening values to
compensate for variations in a monitor's response to different
compounds. Determination of whether an adjustment to the
screening value will provide more valid emission estimates can be
made by reviewing RF's at actual concentrations of 500 ppmv and
10,000 ppmv for the material in the equipment being screened.
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TABLE A-5. SPECIATING EMISSIONS OF STREAM B
Total TOC emission Ethyl acrylate emissions Styrene emissions b
Method of calculation (kglyr) (kglyr) (kglyr)
Avg. emission factor 1,050 105 945
Screening ranges 1,230 d 123 1,110
Correlation equation 740€ 74 666

agquipment type: Light liquid pumps
Total TOC wt. fraction 1.0

Ethyl acrylate wt. fraction 0.1
Styrene wt. fraction 0.9

bEmissions for species = (total TOC emissions) x (wt. fraction of individual chemical)/(total TOC

fraction).
CFrom Table A-2.
dFrom Table A-3.

€From Table A-4.



The RF’'s can be taken from table D-1 in appendix D, or may
be calculated based on analytical measurement performed in a
laboratory. For materials with RF’s below three at both actual
concentrations, the screening value does not need to be
corrected. If the RF at either concentration is above three, the
screening value obtained from the monitoring device should be
adjusted.

If it is necessary to adjust the screening value, one of two
approaches can be applied:

(1) Use the higher of either the 500 ppmv or 10,000 ppmv

RF to adjust all screening values, or

(2) Plot the RF versus screening value and determine the

applicable RF for each screening value.

Table D-1 in appendix D presents the RF’'s for chemical
compounds at actual concentrations of 500 ppmv and 10,000 ppmv
for several different monitoring devices. For the example
calculations presented here, data for the Foxboro OVA-108 is
utilized. Table A-6 presents the RF's for ethyl acrylate and
styrene. From table A-6, it can be seen that at both
concentrations, the RF for ethyl acrylate is below three.

Therefore, it is not necessary to adjust any of the screening
values taken from the equipment in Stream A. (The only TOC
constituent in Stream A is ethyl acrylate.) Stream B contains
10 percent ethyl acrylate and 90 percent styrene. The RF's at
both concentration values for Stream B are calculated using the
following equation:

1

RFy = =
,Zl(xi IRF)
| =

where:
RFn = Response factor of the mixture;
n = Number of constituents in the mixture;
Xj = Mole fraction of constituent i in the mixture; and
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TABLE A-6. APPLICATION OF RESPONSE FACTORS

Response factor Response factor
Molecular Mole fraction at actual conc. at actual conc.
Chemical weight for stream B b of 500 ppmv of 10,000 ppmv
Ethyl Acrylate 100.1 0.1036 2.49 0.72
(0.10 wt. frac.)
Styrene 104.2 0.8964 1.10 6.06

(0.90 wt. frac.)

dResponse factors are taken from Table D-1 in Appendix D and are based on a Foxboro
OVA-108 calibrated with methane.

bMole fraction calculated as:

Weight fraction compound i
= MW of compound i

otT-v

Weight fraction compound i
i=1 MW of compound i

M5




RF = Response factor of constituent i in the mixture;

The derivation of the above equation is presented in
table A-7. Using the RF's and mole fraction information from
table A-6, the RF for the mixture in Stream B is calculated as
follows:
RR{@ 500 ppmv) = (0.1036/2.49 + 0.8963/1.10) -1 =117

and

RF{@ 10,000 ppmv) = (0.1036/0.72 + 0.8964/6.06) -1 = 343

From the above calculations, it can be seen that at an
actual concentration of 10,000 ppmv the RF is above three, which
means the screening values need to be adjusted. Table A-8
demonstrates the simplest approach for adjusting the screening
values. This approach involves multiplying all of the screening
values by whichever RF is higher.

Correcting the screening values by the approach described
above may be inaccurate in some cases. For example, if all or
most of the equipment have low screening values, using the RF
based on an actual concentration of 10,000 ppmv may cause an over
estimate in the calculated emission rate. A more precise
application of RF’s is to plot the RF versus the screening value.
This can be done by fitting a straight line between the RF and
the corresponding screening values associated with the 500 and
10,000 ppmv actual concentrations. For the example case, this is
done as follows.

Screening value associated with actual concentration of

500 ppmuv:

= (500 ppmv)/(RF at actual concentration of 500 ppmv)
= 500 ppmv/1.17

= 427 ppmv
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Screening value associated with actual concentration of
10,000 ppmuv:

= (10,000 ppmv)/(RF at actual concentration of
10,000 ppmv)
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TABLE A-8. APPLYING RESPONSE FACTORS FROM TABLE C-la
Unadjusted Adjusted VOC
screening value Response factor screening value Emission rate ©C
Equipment 1D (ppmv) of mixture (ppmv) (kglyr)
B-1 - Default zero 0.033
B-2 -- Default zero 0.033
B-3 - Default zero 0.033
B-4 10 3.43 34 15
B-5 30 3.43 103 3.8
B-6 250 3.43 858 22
B-7 500 3.43 1,715 39
B-8 2,000 3.43 6,860 120
B-9 5,000 3.43 17,150 260
B-10 8,000 3.43 27,440 380
B-11 25,000 3.43 85,750 970
B-12 Not Screened - - g7d
Total Emissions of Stream B 1,880
agquipment type: Light liquid pumps
Correlation equation: Leak rate (kg/hr) = 1.90 x 10 5 (sv) 0.824
Default-zero mass emission rate: 7.49 x 10 -6 kag/hr

Hours of operation: Strea
bAdjusted SV =
CvOC Emission
dvocC Emission

m B = 4,380
(unadjusted SV) x (RF of mixture)

= (correlation equation or default-zero emission rate) x (WP

= (average emission factor) x (wt. fraction of VOC) x (WP

vOdWPTOC) x (hours of operation)

VOEWPTOC) x (hours of operation)



TABLE A-7. DERIVATION OF EQUATION USED TO ESTIMATE
RESPONSE FACTOR FOR A MIXTURE

(2) Response Factor (RF) Equation:

RE - Actual Concentration (ppmv)

A

Screening Value (ppmv)

Y

(2) For a mixture, each compound will contribute to the actual concentration

and to the screening value, thus:
A=MNM+A

+ A3 ...=A TOT

SV =Sy + SVp + SVg . ..
Thus, the above equation converts to:

RF =

ATOT

SV + SVp + SV3...

3) The value for the screening value of each individual compound (SV

calculated as:

, _ A I N
SV R substituting gives:
A
RF = TOT
AL . R . A3
(4) The mole fraction of each individual compound (X
X = AI :
'~ Aot

i ) is calculated as:

Thus, the actual concentration of compound i is calculated as:

Aj = X ATOT Substituting gives:

i) is

RE = ATOT = 1
X1IATOT . X2ATOT .~ XBATOT . .. X1 . X2 . A3
RFp R RR3 RFf  RR  RR3
(5) Thus, the response factor of a mixture is calculated as:
RF = 1
n
Z X; IRF;

1
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10,000/3.43

2,915 ppmv

Figure A-1 plots this screening value/RF relationship.
Table A-9 uses this plot to calculate emissions. Note that in
table A-9, all of the screening values are adjusted. An
alternative would be to adjust only those screening values having
an associated RF greater than three. Note that for all screening
values less than 427 ppmv, the RF calculated at 427 ppmv is
applied, and, similarly, for all screening values above
2,915 ppmv, the RF at 2,915 ppmv is applied.

An alternative to using the RF's in appendix D is to use the
analytical technique described in chapter 3.0 to determine RF's
at several different actual concentrations. These RF's are then
related to the screening value. Once the RF’'s and associated
screening values are determined, a first-order or second-order
(if the relationship appears nonlinear) equation can be fitted to
the RF data. Table A-10 demonstrates how the collected data of
RF’'s at actual concentrations is converted to RF's for the
associated screening values. A hypothetical plot of the
RF/screening value relationship is shown in figure A-2.
Table A-11 demonstrates how emissions can then be calculated by
applying the plot. Note that the line is not extrapolated beyond
the highest screening value for which data were obtained.
A-8. ANNUALIZING EMISSIONS

If more than one screening value is obtained from an
equipment piece, all of the screening values can be used to
estimate emissions, as long as the elapsed time between each
screening value obtained is known. This is demonstrated for pump
A-15 in Stream A. Table A-12 shows how emissions are calculated
for each period between the collection of screening values.
Notice that each screening value is used to estimate emissions
since the last screening value was obtained.
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Response Factor

Figure A-1.

ocreening Value (ppmv) 1n thousands

Response Factor Curve Generated From Response
Factor Data in Table C-1
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TABLE A-9. ESTIMATING EMISSIONS USING RESPONSE FACTORS GENERATED FROM FIGURE A-1

Unadjusted Adjusted scre%ning
screening value Response factor of value
Equipment 1D (ppmv) mixture (ppmv) VOC Emission rate €
(kglyr)
B-1 0 - Default zero 0.033
B-2 0 -- Default zero 0.033
B-3 0 - Default zero 0.033
B-4 10 1.17 12 0.63
B-5 30 1.17 35 1.6
B-6 250 1.17 293 9.0
B-7 500 1.24 620 17
B-8 2000 2.62 5,240
B-9 5000 3.43 17,150
B-10 8000 3.43 27,440
B-11 25000 3.43 85,750
B-12 Not screened - - g7d
1,820

Total Emissions of Stream B

aEquipment type: Light liquid pumps

Correlation equation: Leak rate (kg/hr) = 1.90 x 10
Default-zero mass emission rate: 7.49 x 10 -6 kag/hr
Hours of operation: Strea m B = 4,380

-5 (SV) 0.824

bAdjusted SV = (unadjusted SV) x (RF of mixture taken from Figure A-1)

CVvOC Emission = (correlation equation or default-zero emission rate) x (WP

dvoC Emission = (no. of components) x (average emission factor) x (wt. fraction of VOC) x (WP

(hours of operation)

VOdWPTOC) x (hours of operation)

vOdWPTOC) x



TABLE A-10. GENERATION OF HYPOTHETICAL RESPONSE FACTOR DATA
STREAM B
Actual Measured
standard gas screening
concentration value Response
(ppmv) Sample number (ppmv) factor
500 1 375 1.33
500 2 390 1.28
500 3 390 1.28
Avg = 385 Avg = 1.30
2,000 1 1,219 1.64
2,000 2 1,205 1.66
2,000 3 1,258 1.59
Avg = 1,227 Avg =
5,000 1 1,865 2.68
5,000 2 1,930 2.59
5,000 3 1,872 2.67
Avg = 1,889 Avg = 2.65
10,000 1 2,976 3.36
10,000 2 3,040 3.29
10,000 3 2,994 3.34
Avg = 3,003 Avg = 3.33
25,000 1 6,361 3.93
25,000 2 6,394 3.91
25,000 3 6,476 3.86
Avg = 6,410 Avg = 3.90

aThis table is a demonstration of how analytical determination
of response factors can be used to generate a response
factor/screening value relationship.
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TABLE A-11. RESPONSE FACTORS GENERATED FROM FIGUREZA-2

Unadjusted Adjusted scre%ning VOC
screening value Response factor value Emission rate ©C
Equipment 1D (ppmv) of mixture (ppmv) (kglyr)
B-1 0 -- Default zero 0.033
B-2 0 -- Default zero 0.033
B-3 0 -- Default zero 0.033
B-4 10 1.46 15 0.76
B-5 30 1.47 44 1.9
B-6 250 1.56 390 11
B-7 500 1.69 845 21
B-8 2,000 231 4,620 87
B-9 5,000 3.60 18,000 270
B-10 8,000 4.20 33,600 450
B-11 25,000 4.20 105,000 1,140
B-12 Not screened -- -- g7d
Total Emissions of Stream B 2,070
aEquipment type: Light liquid pumps
Correlation equation: Leak rate (kg/hr) = 1.90 x 10 5 (sv) 0.824
Default-zero mass emission rate: 7.49 x 10 -6 kag/hr
Hours of operation: Strea m B = 4,380

bAdjusted SV = (unadjusted SV) x (RF of mixture taken from Figure A-2).

CVOC Emissions = (correlation equation or default-zero emission rate) x (WP VOAWPTOC) x (hours of
operation).
dvoC Emission = (no. of components) x (average emission factor ) x ( wt. fraction of VOC) x (WP VO(iWPTOC) x

(hours of operation).



TABLE A-12.

ANNUALIZING EMISSIONS FOR LIGHT

LIQUID PUMP A-15a

Hours elapsed

VOC emissions

since last since last
Hypothetical Screening screenin screening
date value (ppmv) value value € (kg)
January 1 5,000 -- --
February 1 0 744 0.006
March 1 0 672 0.005
April 1 8,000 744 23.3
May 1 100 720 0.6
June 1 1,000 744 4.2
July 1 0 720 0.005
August 1 0 744 0.006
September 1 0 744 0.006
October 1 10,000 720 27.0
November 1 0 744 0.006
December 1 0 720 0.005
January 1 0 744 0.006
TOTALS: 8,760 55.1
aEquipment type: Light liquid pumps
Correlation equation: Leak rate (kg/hr) = 1.90 x 10 -5 (sv) 0.824

Default-zero mass emission rate: 7.49 x 10 -6

kg/hr

bHours elapsed since the last screening value was obtained.
example, the hours elapsed since the screening value obtained on
March 1 are the hours from February 1 to March 1, which equal

24 hr/day x 28

CVOC Emissions

days, or 672 hours.

= (correlation equation or default-zero

emission rate) x (WP yvodWPTOC) x (hours elapsed).
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A-9. ESTIMATING VOC EMISSIONS FROM EQUIPMENT CONTAINING ORGANIC
COMPOUNDS NOT CLASSIFIED AS VOC's.

Stream C contains ethane, which is an organic compound, but
is not classified as a VOC. When a monitoring instrument is used
to screen equipment in Stream C, the resulting screening value
will include measurement of the ethane. However, the ethane
should not be included in the estimated VOC emission rate.

The following equation is applied to subtract out the ethane
contribution:

Evoc = Etoc x (WPyodWPTOQ
where:

The VOC mass emissions from the equipment
(kg/hr);

Evoc

The TOC mass emissions from the equipment
(kg/hr); calculated from either the Average
Emission Factor, Screening Ranges,
Correlation, or Unit-Specific Correlation
approaches;

EToC

The concentration of VOC in the equipment in
weight percent;

WR/oC

The TOC concentration in the equipment in
weight percent.

The above calculation is demonstrated below by assuming that
screening values have been obtained from equipment in Stream C as
either greater than or equal to 10,000 ppmv or less than
10,000 ppmv. Assume 2 of the 40 gas valves in Stream C screened
above 10,000 ppmv, and the remainder screened below 10,000 ppmv.
Uncorrected VOC emissions are calculated using the Screening
Ranges Approach:

WHRoc

Etoc= (FG * Ng) + (FL *x N)
where:
Etoc = TOC emission rate for an equipment type (kg/hr);
FG = Applicable emission factor for sources with

screening values greater than or equal to
10,000 ppmv (kg/hr/source);
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NG = Equipment count (specific equipment type) for
sources with screening values greater than or
equal to 10,000 ppmyv;

FL = Applicable emission factor for sources with
screening values less than 10,000 ppmv
(kg/hr/source); and

NL = Equipment count (specific equipment type) for
sources with screening values less than
10,000 ppmuv.
Thus,
Etoc = 0.0782 kg/h r x 2 + 0.000131 kg/hr x 38

0.161 kg/hr
Converting to an annual emission rate gives:

= 0.161 kg/hr x 8,760 hr/yr
= 1,410 kaglyr

Using the weight fraction of the compounds in Stream C given
in table A-1 (65% ethyl acrylate, 25% ethane, and 10% water
vapor), the above emission rate is corrected as follows:

EToc * (WPyodWPTOQ
1,410 kglyr x 65/(65 + 25)
1

,020 kg/yr VOC emissions

Evoc

A-10. ESTIMATING INORGANIC EQUIPMENT LEAKS

If the hypothetical process unit also had equipment that
contained a volatile inorganic compound, emissions could be
estimated using the following guidelines. If a monitoring device
is not available, the equipment emissions can be calculated using
the Average Emission Factor Approach. If a monitoring device is
available, the best approach for estimating the emissions is to
generate unit specific correlations, but the EPA Correlation
Equations could also be applied as in section A-4. If the
monitoring device cannot accurately predict the screening value
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but can be used to predict concentrations greater than/less than
10,000 ppmv, the emissions may be estimated by applying the
Screening Ranges approach presented in section A-3.
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APPENDIX B:

LEAK RATE/SCREENING VALUE CORRELATION DEVELOPMENT
AND REVISION OF SOCMI CORRELATIONS
AND EMISSION FACTORS



APPENDIX B

The purpose of this appendix is to provide supplemental
information on the approach for developing site-specific
correlations as discussed in chapter 2.0 of this document. Also,
this appendix contains background information on the data
collection and analysis performed to revise the SOCMI
correlations and emission factors, and presents summary
parameters associated with the SOCMI and petroleum industry
correlations. Section B.1 addresses the following:

. Analysis of bagging and screening data;

. Development of a correlation equation; and

. Development of a default-zero leak rate.

Section B.2 addresses the following:

. Analysis of new SOCMI bagging data;

. Development of revised correlations and default-zero
leak rates;

. Development of revised SOCMI emission factors; and

. Summary of SOCMI and petroleum industry correlation
parameters.

B.1 DEVELOPMENT OF SITE-SPECIFIC CORRELATION EQUATIONS
Development of site-specific correlations involves bagging
individual pieces of equipment. (Refer to chapter 4.0 for
details on how equipment is bagged.) The emission rate and
associated screening value from several equipment pieces of the
same type (valve, pump, connector, etc.) and service (gas, light
liquid or heavy liquid) are used to develop a correlation. The
correlation predicts a leak rate based on a screening value. To
develop a correlation, "bagging data" must be collected. In this
appendix, "bagging data" refers to data used to estimate the mass
emission rate from an equipment piece, and the screening value
obtained with the portable monitoring instrument when the
equipment piece is bagged.
B.1.1 Preliminary Analysis of Bagging Data
For the purposes of this discussion, it is assumed the
blow-through method is used to bag the equipment piece. For each
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bagged (tented) equipment piece, two sample bags should be
collected. For each sample bag the following bagging data should
be recorded: (1) total organic compound concentration (ppmv)
measured in the sample bag at the laboratory using a GC or
similar instrument, (2) the mole percent and molecular weight of
each of the constituents in the sample bag (or alternatively in
the process stream contained within the enclosed equipment
piece), (3) the temperature in the tent when the sample bag is
collected, (4) the carrier gas flow rate out of the tent, (5) the
tent oxygen concentration (6) background bag organic compound
concentration measured at the laboratory (optional), and (7) the
density and volume of any organic liquid collected from the
bagged equipment piece and the time in which the liquid
accumulated.

In some cases, the sample bag total organic concentration
will be below the GC minimum detection limit. If this occurs,
one half the GC minimum detection limit should be used to
estimate emissions.

For each sample bag, the vapor leak rate is calculated using
the following equation:

(1.219x10 -2 )x(Q)x(MW)x(GC)

Vapor leak rate (kg/hr) =
T + 273.15

where:

1.219 x 10 - = A conversion factor based on the gas constant
and assuming a pressure in the tent of
1 atmosphere ( OK x 106 x kg-mol/m 3)

Q = Flow rate out of tent (m 3/hr)

_ No flow rate ( ¢/min) < 0.06 m 3/min
— 1 - Ttent oxygen conc. (volume %)/21] o/nr
T = Temperature in tent ( 0QC)



MW = Molecular weight of organic compounds in the sample bag or
alternatively in the process stream contained within the
equipment piece being bagged. For mixtures, MW is
calculated as follows:

n
Y, MW x
mw =171
n
DX
=1
where:
MW = Molecular weight of organic compound i;
Xj = Mole fraction of organic compound i; and

n = Number of organic compounds in the mixture.

GC = Sample bag organic compound concentration. If a background
sample bag is obtained, the value of GC can be corrected for
background organic compound concentration using the
following equation:

- _ [ Oxy x BBC
GC = SBC (_ﬂ_)
where:
SBC = Sample bag organic compound concentration
(Ppmv);

Oxy = Tent oxygen concentration (volume %); and
BBC = Background sample bag organic compound
concentration.

The vapor leak rate calculated from the two sample bags is
averaged. Added to this average vapor leak rate is the leak rate
of any liquid that is collected in the bag. The liquid leak rate
is calculated as follows:

Liquid leak rate (kg/hr) = P VLt



where:

p = Density of organic liquid collected
(9/m 0;
V. = Volume of organic liquid collected (m );

t = Time in which liquid is collected
(minutes); and

16.67 = A conversion factor to adjust term to
units of kilograms per hour
[ x hr/(kg x min)]

Thus, the total emission rate for the bagged equipment piece is
as follows:

Leak rate (kg/hr) = Average vapor leak rate (kg/hr)
+ Liquid leak rate (kg/hr)

The screening value associated with each bagged equipment
piece is calculated by subtracting the background screening value
from the average of the initial and final screening values. In
cases where the background concentration was larger than the
average of the initial and final screening values, the screening
value should be recorded as 0 ppmv.

B.1.2 Correlation Equation Development

After preliminary analysis of the bagging data is complete,
there will be a mass emission rate and corresponding screening
value associated with each individual equipment piece that was
bagged. All mass emission rate/screening value data pairs with
nonzero screening values are used to develop the site-specific
correlation. Data pairs with a screening value of zero can be
used to develop a default-zero leak rate, and this is discussed
in section B.1.3.

Two terms used in conjunction with developing the
correlation are defined as follows: "log space"--where the
logarithms of both the screening values and mass emission rates
are evaluated, and "arithmetic space"--where the actual screening
values and emission rates are evaluated. The data is first
analyzed in log space to develop an expression relating the
logarithm of the screening value to the logarithm of the mass
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emission rate. This expression is then transformed to arithmetic
space to arrive at the correlation equation.

It is necessary to perform the initial analysis in log space
because both the screening value and mass emission rate data
typically span several orders of magnitude, and the data are not
normally distributed in arithmetic space. Normality of the data
is important for the validity of the statistical procedures being
used. Historically, the data have been shown to be approximately
log-normally distributed.

The first step in the development of the correlation
equation is to calculate the logarithm of each screening value
and mass emission rate. Note that the correlation developed will
be the same whether the natural logarithm or base 10 logarithm is
used. The next step is to perform simple linear (least squares)
regression in log space. The log of the mass emission rate
(dependent variable, Y) is regressed on the log of the screening
value (independent variable, X). The resulting regression line
takes the following form:

Yi =Bo - B1X

where:
Yj = Logarithm of the leak rate determined by
bagging equipment piece i;
Xj = Logarithm of the screening value for equipment
piece i;
Bo = Intercept of regression line; and
B1 = Slope of regression line.

The value for the slope and intercept are calculated using the
following equations:

- (XY) - (X (Y
- P



and

Bo =Y -PB1X
where:
X = > X|
n
Y = > Y|
n
xy = 2 X Y]
n
n
n = number of screening/bagging pairs.

Once these have been calculated, then the Mean Squared Error
(MSE) can be given by:

n
_ 1 2
MSE ==, igl ri

where:

ri =Yi -Bo-B1X

The slope and intercept and a scale bias correction factor
(SCBF) are used in the final step to transform the regression
equation from log space to arithmetic space. The transformed
equation is the correlation equation and it is calculated as
follows:

Leak rate (kg/hr) = SBCF x (e or 10) Po X (Screening value)

Note that if the natural logarithm of the leak rates and
screening values is used when developing the regression line,
then the "e" term should be raised to the power of the intercept
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(Bp)- On the other hand, if the base 10 logarithm of the leak
rates and screening values is used when developing the regression
line, then the "10" term should be raised to the power of the
intercept ( Bo)-

The SBCF is a correction factor which accounts for the
variability of the data in the log space (see discussion in
section 2.3.4). It is obtained by summing a sufficient number
(usually 10-15) of the terms from the infinite series given
below:

(M-1)xT (m-1) 3xT2 (m-1) SxT3
SBCF =1 + + + +
m n x21x(m+1) m 3x3Ix(m+1)x(m+3)

where:

T (when regression performed using base 10 logarithms)
= (MSE/2)x((In10)  2);

T (when regression performed using natural logarithms)
= (MSE/2);

MSE = mean square error from the regression;

In10 = natural logarithm of 10; and

m = number of data pairs (n) - 1.
B.1.3 Determination of Default Zero and Pegged Mass Emission
Rates

A default zero emission rate can be calculated based on the
emission rates measured from bagged equipment that have a
screening value of zero ppmv. A pegged emisison rate can be
calculated based on the emission rates measured from bagged
equipment that have a screening value reported as pegged. The
first step to determine the default-zero or pegged leak rate is
to take the logarithm of each of the mass emission rates and then
determine the average log leak rate. The average log leak rate
is used to calculate the default-zero or pegged mass emission
rate. Analysis is performed in log space rather than just
determining the arithmetic average because this gives the most
efficient estimator of the default-zero or pegged leak rate. The
average log leak rate and a scale bias correction factor, that
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takes into account the variance of the log mass emission rates,
are then utilized in the following equation to calculate the
default zero leak rate:

Default Zero or pegged Leak Rate = SBCF x (10 or e) LOG:AVG
(kg/hr)
where:
SBCF = Scale bias correction factor for

the logs of the mass emission
rates; and

LOG:AVG

Average of the logs of the mass
emission rates.

The SBCF for the default zero or pegged leak rate determination

is calculated using the same equation for the SBCF as presented

in section B.1.2, with the following two exceptions: (1) the

variance of the log mass emission rates is used in the "T" term,
rather than the regression mean square error (MSE); and (2) the
sample size (n) is used in the "m" term, rather than "n-1". The
variance (S 2) of the log mass emission rates is calculated as:

n
2- 1 : — : 2
S —T igl (LOG:LEAK; LOG:AVG)

where:
LOG:LEAK; = Logarithm of leak rate from component i;

LOG:AVG = Average of the logs of the mass emission
rates; and

n = Number of data points.

B.2 DEVELOPMENT OF REVISED SOCMI CORRELATIONS AND FACTORS
In 1990 bagging data were obtained from several ethylene

oxide (EO) and butadiene (BD) producers. Bagging data were

collected from connectors, light liquid pumps, gas valves, and

light liquid valves. In 1987 and 1988 screening data had been
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collected from the same EO/BD process units. These bagging and
screening data were used to revise the SOCMI correlations and
factors.

(Note that as used in the following discussion, "bagging
data" refers to the screening value/mass emission data pairs, and
"screening data" to the data set of screening values collected
independently of the bagging data. Normally, bagging data are
collected from a chosen set of equipment pieces to provide the
best data for developing a correlation. On the other hand,
screening data are collected from all equipment pieces to give a
representative distribution of screening values).

To revise the SOCMI correlations and factors, the data
collected from the EO/BD process units were compared with data
previously collected from SOCMI process units. In the following
discussion this previously collected data are referred to as
"old" data. The old SOCMI bagging data were collected in the
Six-Unit Maintenance Study (EPA-600/S2-81-080). The old SOCMI
screening data were collected in the 24-Unit Study
(EPA-600/2-81-003). The EO/BD data are referred to as "new."
When the data sets are joined, the resulting data set is referred
to as "combined."

B.2.1 Analysis of SOCMI Bagging Data

Following the approach described in section B.1, the new
SOCMI bagging data were analyzed to develop new correlations.
A comparison of the old and new bagging data was performed to
evaluate any differences. Note that for connectors, only new
bagging data were analyzed since connectors were not bagged as
part of the Six-Unit Maintenance Study. Attachment 1 includes
the complete list of each of the emission rate/screening value
datapoints and presents summary tables on the regression
statistics of the old, new, and combined data.

To evaluate the differences between the new and the old data
for light liquid pumps, light liquid valves, and gas valves, the
following statistical tests were applied:
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* Wilcoxon test of paired differences, and
* F-test of statistical parameters.

The statistical tests did not have consistent results for the
three equipment types. For light liquid pumps, no statistically
significant differences were found, for light liquid valves, the
tests indicated significant differences, and for gas valves, the
tests were inconclusive.

A Dbetter comparison was a visual comparison of the data
plotted in log space. This comparison was made by developing
plots of the old and new bagging data with regression lines
superimposed. All of the regression equations are plotted in
figures B-1 through B-4. Figure B-1 presents the new bagging
data and regression equation for connectors. Figures B-2 through
B-4 show old and new bagging data superimposed upon the old, new,
and combined regression equations for light liquid pumps, gas
valves, and light liquid valves, respectively. The regression
lines in these four figures are drawn to correspond only to the
data points from which they were derived.

Figures B-2 through B-4 suggest the old and new data points
appear to lie along a common axis with a similar amount of
scatter. Figures B-2 through B-4 also demonstrate that most of
the old data were from equipment which had screening values
exceeding 1,000 ppmv, whereas a significant portion of the new
data came from equipment screening less than 1,000 ppmv. The
correlation derived from combining the old and new bagging data
spans the greatest range of screening values. Additionally, for
each of the equipment types, the combined correlation equation
has the best fit. Since the combined regressions span the
greatest range of screening values and have the best fit, the
combined data set was used to develop the revised SOCMI
correlation equations.

B.2.2 Development of Revised SOCMI Correlations and
Development of Default-Zero Factors
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After the old and new bagging data were combined, an initial
regression analysis was performed on the logarithms of the
screening values and mass emission rates following the procedures
outlined in section B.1 on the development of correlation
equations. For the combined data sets outliers were removed.

The residuals (differences between measured log mass emission
rates and log mass emission rates predicted by the regression)
were used to flag outliers. A data pair was flagged as an
outlier whenever the absolute value of its studentized residual
(the residual divided by its standard error) was greater than or
equal to 3. These data pairs are indicated as outliers in the
table contained in attachment 1, which lists the screening values
and mass emission rates for the combined bagging data set.

Attachment 2 contains a table listing all of the bagging
data used to develop the default zero mass emission rates. These
data were collected at the EO/BD process units, and were analyzed
using the approach outlined in section B.1.3.

B.2.3 Revision of SOCMI Emission Factors

After the SOCMI correlations were revised, they were
utilized in conjunction with the "old", "new", and "combined"
screening value data sets to revise the SOCMI emission factors.
Recall that the "old" screening data were the data collected in
the SOCMI 24-Unit Study (EPA-600/2-81-003), the "new" screening
data were the data collected from the EO/BD process units in 1987
and 1988, and the combined data were the two data sets combined.

Using screening data in conjunction with the applicable
correlation equation, emission factors are calculated in the
following manner.

(1) Screening values with a value of zero are assigned the
default zero emission rate,

(2) Pegged screening values were assigned the appropriate
pegged emission rate,

(3) All other screening values are entered into the

applicable correlation equation to determine the
associated mass emission rate, and

B-15



(4) The sum of all of the individual emission rates is
divided by the total number of screening values
(i.e., equipment pieces) to give the average factor.

These steps were followed to revise the SOCMI average emission
factors for connectors, light liquid pumps, gas valves, and light
liquid valves. The same approach was used to revise the SOCMI
Screening Range Emission factors (> 10,000 ppmv / <10,000 ppmv),
except that the screening values were segregated into the two
ranges to calculate the average of each range.

Consistent with development of the revised SOCMI correlation
equations (which were developed from the combined bagging data
set), the combined screening data set was used to revise the
SOCMI factors. The combined data set has the advantage that it
reflects changes that have occurred in SOCMI process units since
the 24-Unit Study, and contains data from a representative
sampling of SOCMI process units.

To develop the emission factors it was necessary to make
adjustments to a small percentage of the screening values. These
adjustments were applied to large screening values that were
identified as "pegged data." The large screening value data are
important in the emission factor calculations and these
adjustments were made in an attempt to keep as many screening
values in the analysis as possible.

Examination of the frequency distributions of the screening
value data sets revealed spikes near 10,000 ppmv (between 9980
and 10,001 ppmv) and near 100,000 ppmv (between 99,980 and
100,001 ppmv). These spikes indicate that the instrument was
"pegged” or unable to measure the concentration being sampled
because the concentration was beyond the measurement range of the
instrument. It was assumed that screening values pegged at
10,000 ppmv had actual values between 10,000 and 100,000 ppmv,
and that screening values pegged at 100,000 ppmv had actual
values greater than 100,000 ppmv. Because there were several
screening values greater than 10,000 ppmv and 100,000 ppmv that
were not pegged, an average from the two ranges
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(10,000-100,000 ppmv and >100,000 ppv) was calculated to
substitute for the pegged readings. For the 10,000-100,000 ppmv
range, the average was 33,620 ppm and for the greater than
100,000 ppmv range, the average was 302,367 ppm. These averages
were used in the emission factor analysis for pegged data from
the screening data sets. Thus, each pegged screening value was
assigned the applicable average screening value, which was
entered into the correlation to predict emissions.

Attachment 3 lists the average emission factors generated
from each of the screening data sets, using the revised SOCMI
correlations. There are thousands of screening values in the
data sets, and these data sets are not reproduced in this
appendix. Instead, figures plotting the distribution of the
screening values are presented in attachment 3.

B.2.4 Summary of SOCMI and Petroleum Industry Correlation

Parameters

Table B-1 presents the regression line slope and intercept
and the SBCF associated with each of the revised SOCMI and
petroleum industry correlations contained in tables 2-9 and 2-10
of this document.
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TABLE B-1. SUMMARY OF SOCMI AND PETROLEUM INDUSTRY CORRELATION
PARAMETERS.
Regression
intercept Regression
Equipment type (Bo) slope ( Bo) SBCF
SOCMI Correlations
Gas valves -6.529 0.873 6.315
Light liquid valves -6.069 0.797 7.520
Light liquid pumps -5.273 0.824  3.563
Connectors -6.434 0.885 8.298
Petroleum Industry Correlation
Valves -6.154 0.746 3.27
Pumps -5.014 0.610 5.15
Others -5.575 0.589 5.14
Connectors -6.468 0.735 451
Flanges -5.988 0.703  4.48
Open-Ended Lines -6.366 0.704 5.11

aRegression intercepts are based on

analysis in log space using

Base 10 logarithms of leak rates in kg/hr.
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APPENDIX B: ATTACHMENT 1

This attachment lists bagging data used to develop the
combined correlation equations for each of the equipment types in
table B-1-1. Also included is a summary table (table B-1-2) of
the regression statistics associated with the old, new, and
combined SOCMI bagging data sets. Note that the regression
statistics presented in table B-1-2 are based on development of
the regression lines using natural log leak rates and natural log
screening values.
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Table B-1-1. Bagging data used to develop the combined correlation equations.

---------------------- Equipment Type=CONNECTOR Service=ALL ----------mmnnmmmmmaean

Natural Natural
Log of Log of
Measured Emission Screening

Plant Data Emission Screening Rate Value

Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv)

EO NEW 0.0000000728 299.00 -16.4361 5.7004
EO NEW 0.0000000734 2.00 -16.4271 0.6931
EO NEW 0.0000001004 450 -16.1142 1.5041
EO NEW 0.0000001061 0.50 -16.0586 -0.6931
EO NEW 0.0000001101 6.00 -16.0217 1.7918
EO NEW 0.0000001137 0.80  -15.9900 -0.2231
BD NEW 0.0000001265 290 -15.8832 1.0647
EO NEW 0.0000001544 21.50 -15.6835 3.0681
EO NEW 0.0000001613 425  -15.6400 1.4469
BD NEW 0.0000001620 1.00 -15.6354 0.0000
EO NEW 0.0000001644 2.00 -15.6207 0.6931
EO NEW 0.0000001731 18.50  -15.5693 2.9178
EO NEW 0.0000002953 45850 -15.0354 6.1280
EO NEW 0.0000002996 0.40  -15.0209 -0.9163
EO NEW 0.0000003195 0.40  -14.9565 -0.9163
BD NEW 0.0000003254 13.80  -14.9382 2.6247
BD NEW 0.0000003346 1.70  -14.9105 0.5306
BD NEW 0.0000003430 1.35 -14.8856 0.3001
BD NEW 0.0000003442 12.75  -14.8819 2.5455
BD NEW 0.0000003939 4.00 -14.7473 1.3863
BD NEW 0.0000003994 10.00 -14.7334 2.3026
EO NEW 0.0000004007 0.80  -14.7300 -0.2231
BD NEW 0.0000004288 4.00 -14.6623 1.3863
BD NEW 0.0000004757 150 -14.5586 0.4055
EO NEW 0.0000004798 999.00  -14.5499 6.9068
EO NEW 0.0000005309 399.40  -14.4486 5.9900
EO NEW 0.0000005812 275  -14.3582 1.0116
EO NEW 0.0000005944 28.50  -14.3357 3.3499
EO NEW 0.0000006075 128.00  -14.3140 4.8520
BD NEW 0.0000006524 97.00  -14.2426 4.5747
EO NEW 0.0000007355 3.50 -14.1227 1.2528
BD NEW 0.0000007648 3.25  -14.0837 1.1787
BD NEW 0.0000008560 8.50 -13.9710 2.1401
BD NEW 0.0000008798 28.50  -13.9436 3.3499
BD NEW 0.0000008869 2.00 -13.9356 0.6931
EO NEW 0.0000008924 8.30  -13.9293 2.1163
EO NEW 0.0000009888 425  -13.8267 1.4469
BD NEW 0.0000010715 17.00 -13.7464 2.8332
EO NEW 0.0000012661 1.00 -13.5795 0.0000
EO NEW 0.0000016351 450  -13.3238 1.5041
BD NEW 0.0000017995 4.00 -13.2280 1.3863
BD NEW 0.0000018303 19.25  -13.2110 2.9575
BD NEW 0.0000020777 3,50 -13.0842 1.2528
BD NEW 0.0000022858 3.75  -12.9888 1.3218
EO NEW 0.0000032725 3.00 -12.6300 1.0986
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Table B-1-1.

(continued)

Plant Data

Type Origin
EO NEW
BD NEW
BD NEW
EO NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
EO NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW

Measured
Emission

0.0000036190
0.0000036396
0.0000038387
0.0000041625
0.0000044784
0.0000046207
0.0000057784
0.0000080668
0.0000095125
0.0000100797
0.0000137255
0.0000140845
0.0000140911
0.0000142252
0.0000143958
0.0000151611
0.0000161064
0.0000166253
0.0000168916
0.0000178679
0.0000183124
0.0000191290
0.0000194650
0.0000197515
0.0000198244
0.0000227951
0.0000279813
0.0000348217
0.0000351763
0.0000359334
0.0000403480
0.0000423987
0.0000445724
0.0000509982
0.0000512445
0.0000595643
0.0000758688
0.0000860423
0.0000910990
0.0000947099
0.0001007398
0.0001051050
0.0001178839
0.0001397861

Equipment Type=CONNECTOR Service=ALL

1.60
0.80
8.50
6.50
48.00
7.80
41.50
12.00
100.00
297.00
19.75
4.50
14.00
63.50
195.50
16.00
13.50
18.50
195.00
0.95
123.50
4995.00
16.50
50.50
23.00
320.50
67.00
18.00
195.50
9.00
198.00
472.00
13.00
25.00
323.00
275.00
35.00
98.00
1049.00
94.40
197.50
38.80
94.80
371.00

Bagging data used to develop the correlation equations

Natural
Log of
Emission

-12.5293
-12.5236
-12.4704
-12.3894
-12.3162
-12.2850
-12.0614
-11.7278
-11.5629
-11.5050
-11.1963
-11.1704
-11.1700
-11.1605
-11.1486
-11.0968
-11.0363
-11.0046
-10.9887
-10.9325
-10.9079
-10.8643
-10.8469
-10.8323
-10.8286
-10.6890
-10.4840
-10.2653
-10.2551
-10.2338
-10.1180
-10.0684
-10.0184

-9.8837

-9.8789

-9.7285

-9.4865

-9.3607

-9.3036

-9.2647

-9.2030

-9.1606

-9.0458

-8.8754
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Natural
Log of
Screening

Screening Rate Value
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv)

0.4700
-0.2231
2.1401
1.8718
3.8712
2.0541
3.7257
2.4849
4.6052
5.6937
2.9832
1.5041
2.6391
4.1510
5.2756
2.7726
2.6027
2.9178
5.2730
-0.0513
4.8162
8.5162
2.8034
3.9220
3.1355
5.7699
4.2047
2.8904
5.2756
2.1972
5.2883
6.1570
2.5649
3.2189
5.7777
5.6168
3.5553
4.5850
6.9556
4.5475
5.2857
3.6584
4.5518
5.9162



Table B-1-1. Bagging data used to develop the correlation equations
---------------------- Equipment Type=CONNECTOR Service=ALL -----------m--mmmmmen
(continued)
Natural Natural
Log of Log of
Measured Emission Screening
Plant Data Emission Screening Rate Value
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv)
BD NEW 0.0001721438 54.90 -8.6672 4.0055
BD NEW 0.0001806903 4747.00 -8.6187 8.4653
BD NEW 0.0002038979 895.00 -8.4979 6.7968
BD NEW 0.0002463283 97.00 -8.3088 45747
BD NEW 0.0002731277 549.00 -8.2056 6.3081
BD NEW 0.0002853205 345.00 -8.1619 5.8435
BD NEW 0.0003727741 198.50 -7.8945 5.2908
BD NEW 0.0004184529 199.00 -7.7789 5.2933
BD NEW 0.0005627360 195.00 -7.4827 5.2730
EO NEW 0.0008093015 997.00 -7.1193 6.9048
BD NEW 0.0008566981 99.00 -7.0624 4.5951
BD NEW 0.0013381945 1049.00 -6.6164 6.9556
BD NEW 0.0013408366 999.00 -6.6145 6.9068
BD NEW 0.0017192076 471.50 -6.3659 6.1559
BD NEW 0.0021650014 1997.00 -6.1353 7.5994
BD NEW 0.0085056085 2999.00 -4.7670 8.0060
BD NEW 0.0101785661 3996.00 -4.5875 8.2930
BD NEW 0.0587476684 99998.80 -2.8345 11.5129
N = 107 (O outliers)
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Table B-1-1.

Plant Data
Type Origin

BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
EO NEW
EO NEW
EO NEW
RE oLD

EO NEW
EO NEW
BD NEW
RE oLD

BD NEW
BD NEW
BD NEW
BD NEW
RE oLD

BD NEW
RE oLD

EO NEW
BD NEW
BD NEW
EO NEW
BD NEW
EO NEW
BD NEW
BD NEW
EO NEW
EO NEW
RE oLD

RE OoLD

RE oLD

BD NEW
RE oLD

BD NEW
RE oLD

EO NEW
EO NEW
RE oLD

EO NEW
EO NEW
RE oLD

EO NEW
BD NEW

Equipment Type=PUMP Service=LL

Bagging data used to develop the correlation equations
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Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag

0.0000003333 3.00 -14.9141 1.0986
0.0000003346 64.40 -14.9104 4.1651 OUTLIER
0.0000004908 1.30 -14.5272 0.2624
0.0000012091 4.00 -13.6256 1.3863
0.0000021532 9.50 -13.0486 2.2513
0.0000038359 768.00 -12.4711 6.6438 OUTLIER
0.0000055733 49.00 -12.0975 3.8918
0.0000067016 8.40  -11.9132 2.1282
0.0000068315 4253  -11.8940 3.7503
0.0000115240 3.00 -11.3711 1.0986
0.0000137032 1.00 -11.1979 0.0000
0.0000173708 15.00 -10.9607 2.7081
0.0000182707 83.26  -10.9102 4.4220
0.0000218470 21.00 -10.7314 3.0445
0.0000234610 8.00 -10.6602 2.0794
0.0000243023 10.00  -10.6249 2.3026
0.0000262744 95.00 -10.5469 4.5539
0.0000273344 647.80 -10.5074 6.4736
0.0000287475 7.80 -10.4570 2.0541
0.0000343297 719.36  -10.2795 6.5784
0.0000385230 13.90 -10.1643 2.6319
0.0000418537 394.00 -10.0813 5.9764
0.0000474696 4.00 -9.9554 1.3863
0.0000588925 2.75 -9.7398 1.0116
0.0000715064 33.00 -9.5457 3.4965
0.0000722114 180.00 -9.5359 5.1930
0.0000978468 1.00 -9.2321 0.0000
0.0001152858 2.75 -9.0681 1.0116
0.0001232483 74.00 -9.0013 4.3041
0.0001803724 44.00 -8.6205 3.7842
0.0001957145 47.12 -8.5389 3.8526
0.0001991513 49.68 -8.5214 3.9057
0.0002209241 74491 -8.4177 6.6133
0.0002667811 892.50 -8.2291 6.7940
0.0002999432 2388.28 -8.1119 7.7783
0.0003013546 65.00 -8.1072 4.1744
0.0004782523 49.86 -7.6454 3.9091
0.0005168934 105.00 -7.5677 4.6540
0.0005477897 499.00 -7.5096 6.2126
0.0005646821 16033.45 -7.4792 9.6824
0.0005681949 595.00 -7.4730 6.3886
0.0005857415 349.00 -7.4426 5.8551
0.0006402389 3102.49 -7.3537 8.0400
0.0006886734 199.00 -7.2807 5.2933
0.0007364641 598.00 -7.2137 6.3936



Table B-1-1.

(continued)

Plant Data

Type Origin
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
BD NEW
RE oLD
BD NEW
EO NEW
RE oLD
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
RE oLD
RE oLD
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
BD NEW
RE oLD
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD

Equipment Type=PUMP Service=LL

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0007563452 1378.39 -7.1870 7.2287
0.0007987816 8095.43 -7.1324 8.9991
0.0009912542 289.26 -6.9165 5.6673
0.0010889569 471.00 -6.8225 6.1549
0.0011480956 521.79 -6.7697 6.2573
0.0012930833 348.00 -6.6507 5.8522
0.0013248663 2221.10 -6.6264 7.7058
0.0014886548 3197.00 -6.5099 8.0700
0.0016401471 101.20 -6.4130 4.6171
0.0017660014 24145.32 -6.3390 10.0918
0.0018539657 299.00 -6.2904 5.7004
0.0021087390 997.00 -6.1617 6.9048
0.0022296212 2000.00 -6.1059 7.6009
0.0023007567 5499.25 -6.0745 8.6124
0.0025947420 1993.80 -5.9543 7.5978
0.0027435637 2125.99 -5.8985 7.6620
0.0029144932 5870.47 -5.8381 8.6777
0.0029456140 5.75 -5.8274 1.7492
0.0033415187 125.00 -5.7013 4.8283
0.0036014533 1899.00 -5.6264 7.5491
0.0036569429 1393.90 -5.6111 7.2399
0.0037009240 3197.50 -5.5992 8.0701
0.0037297151 599.00 -5.5914 6.3953
0.0039913442 700.00 -5.5236 6.5511
0.0041248489 2775.53 -5.4907 7.9286
0.0046220969 16654.09 -5.3769 9.7204
0.0046281246 6538.83 -5.3756 8.7855
0.0050222262 1099.00 -5.2939 7.0022
0.0054013839 9501.80 -5.2211 9.1592
0.0055450728 2998.00 -5.1948 8.0057
0.0070361493 1381.77 -4.9567 7.2311
0.0071307927 27.60 -4.9433 3.3178
0.0081605157 6498.00 -4.8084 8.7792
0.0090139120 7696.90 -4.7090 8.9486
0.0098565101 2548.00 -4.6196 7.8431
0.0101206645 2997.00 -4.5932 8.0054
0.0108936908 12820.53 -4.5196 9.4588
0.0110475772 14254.89 -4.5055 9.5649
0.0115165376 3194.50 -4.4640 8.0692
0.0120415404 20840.78 -4.4194 9.9447
0.0120492786 19187.09 -4.4188 9.8620
0.0126046858 5248.25 -4.3737 8.5656
0.0135546418 15011.05 -4.3010 9.6165
0.0138366847 10491.80 -4.2804 9.2583
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Table B-1-1. Bagging data used to develop the correlation equations

------------------------ Equipment Type=PUMP Service=LL -----------m---memmmeeen

(continued)

Natural Natural

Log of Log of

Measured Emission Screening

Plant Data Emission Screening Rate Value Outlier
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
BD NEW 0.0154757686 3998.50 -4.1685 8.2937
BD NEW 0.0155724932 3998.00 -4.1622 8.2935
RE oLD 0.0156873305 300.60 -4.1549 5.7058
RE oLD 0.0159032925 51041.21 -4.1412 10.8404
RE oLD 0.0196113751 88270.79 -3.9316 11.3882
BD NEW 0.0198424922 2748.50 -3.9199 7.9188
BD NEW 0.0219422932 797.00 -3.8193 6.6809
RE oLD 0.0220953073 38632.61 -3.8124 10.5619
BD NEW 0.0221617288 6996.50 -3.8094 8.8532
RE oLD 0.0226278893 12142.30 -3.7886 9.4045
RE oLD 0.0232021936 22078.88 -3.7635 10.0024
RE oLD 0.0258831450 10996.59 -3.6542 9.3053
RE oLD 0.0263221310 8527.17 -3.6373 9.0510
RE oLD 0.0274280572 193253.34 -3.5962 12.1718
RE oLD 0.0300037851 12130.06 -3.5064 9.4034
RE oLD 0.0305561087 16850.04 -3.4882 9.7321
RE oLD 0.0361388265 9472.44 -3.3204 9.1561
RE oLD 0.0371630240 37500.32 -3.2924 10.5321
RE oLD 0.0409811410 12196.61 -3.1946 9.4089
RE oLD 0.0476567087 130564.77 -3.0437 11.7796
RE oLD 0.0480145702 23101.38 -3.0363 10.0476
BD NEW 0.0492542578 5998.00 -3.0108 8.6992
RE oLD 0.0556463965 38446.34 -2.8887 10.5570
RE oLD 0.0572488867 3111.50 -2.8603 8.0429
RE oLD 0.0586671574 41504.10 -2.8359 10.6335
BD NEW 0.0863688407 99996.00 -2.4491 11.5129
RE oLD 0.0977863072 88269.36 -2.3250 11.3881
BD NEW 0.1039387219 5997.00 -2.2640 8.6990
RE oLD 0.1074526291 45285.17 -2.2307 10.7207
BD NEW 0.2535689673 99994.00 -1.3721 11.5129

N = 119 (2 outliers)
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Table B-1-1.

Plant Data

Type Origin
EO NEW
EO NEW
EO NEW
BD NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
EO NEW
BD NEW
BD NEW
EO NEW
BD NEW
BD NEW
EO NEW
EO NEW
BD NEW
EO NEW
EO NEW
BD NEW
EO NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
EO NEW
EO NEW
BD NEW
EO NEW
BD NEW
EO NEW
EO NEW
EO NEW

Equipment Type=VALVE Service=G

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0000000717 3750 -16.4508 3.6243
0.0000000720 35.00 -16.4468 3.5553
0.0000000737 2.00 -16.4235 0.6931
0.0000001062 1.00 -16.0577 0.0000
0.0000001082 4.00 -16.0396 1.3863
0.0000001147 4.00 -15.9811 1.3863
0.0000001167 0.10  -15.9641 -2.3026
0.0000001170 9.00 -15.9608 2.1972
0.0000001172 5.00 -15.9591 1.6094
0.0000001198 4.00 -15.9374 1.3863
0.0000001251 21.50  -15.8945 3.0681
0.0000001525 120 -15.6963 0.1823
0.0000001579 1.00 -15.6615 0.0000
0.0000001705 2.00 -15.5848 0.6931
0.0000001964 98.25  -15.4430 45875
0.0000002292 3.00 -15.2887 1.0986
0.0000002537 22430  -15.1869 5.4130
0.0000002824 9.00 -15.0800 2.1972
0.0000003468 6.20  -14.8747 1.8245
0.0000003511 1.75 -14.8622 0.5596
0.0000003724 0.40  -14.8032 -0.9163
0.0000004915 1.00 -14.5259 0.0000
0.0000005202 150 -14.4690 0.4055
0.0000005222 108.00  -14.4652 4.6821
0.0000005551 4.00 -14.4041 1.3863
0.0000006288 1.25 -14.2795 0.2231
0.0000007041 0.20  -14.1663 -1.6094
0.0000007204 149750 -14.1434 7.3116
0.0000007597 250  -14.0903 0.9163
0.0000008744 68.90  -13.9497 4.2327
0.0000010541 198.00 -13.7628 5.2883
0.0000013384 51.50 -13.5241 3.9416
0.0000013799 3499.30  -13.4935 8.1603
0.0000013870 15.70  -13.4884 2.7537
0.0000018645 6.00 -13.1925 1.7918
0.0000018779 150 -13.1854 0.4055
0.0000021100 99.00 -13.0688 45951
0.0000022366 0.20  -13.0105 -1.6094
0.0000024148 598.00 -12.9339 6.3936
0.0000025627 28.00 -12.8744 3.3322
0.0000034003 678.00 -12.5916 6.5191
0.0000036200 6.00 -12.5290 1.7918
0.0000036375 19.00 -12.5242 2.9444
0.0000038715 118.25  -12.4619 4.7728
0.0000042396 38.40 -12.3710 3.6481
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Table B-1-1.

(continued)

Plant Data

Type Origin
BD NEW
EO NEW
BD NEW
EO NEW
BD NEW
BD NEW
EO NEW
RE oLD
BD NEW
BD NEW
RE oLD
RE oLD
RE oLD
EO NEW
BD NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
RE oLD
RE oLD
BD NEW
BD NEW
BD NEW
RE oLD
EO NEW
BD NEW
BD NEW
RE oLD
RE OoLD
RE OoLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE OoLD
RE oLD
EO NEW
RE oLD

Equipment Type=VALVE Service=G

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0000045549 540  -12.2993 1.6864
0.0000056834 9.50 -12.0780 2.2513
0.0000061124 4.00 -12.0052 1.3863
0.0000070548 210 -11.8618 0.7419
0.0000074252 17.50 -11.8106 2.8622
0.0000080241 340 -11.7331 1.2238
0.0000083624 40.15  -11.6918 3.6926
0.0000118648 2046  -11.3419 3.0184
0.0000128110 8.50 -11.2652 2.1401
0.0000137662 83.90  -11.1933 4.4296
0.0000149663 4952.69  -11.1097 8.5077
0.0000166075 495450  -11.0057 8.5081
0.0000175591 1007.37  -10.9499 6.9151
0.0000214657 698.50  -10.7491 6.5489
0.0000220929 20.50  -10.7203 3.0204
0.0000243523 850.00 -10.6229 6.7452
0.0000246644 14450  -10.6101 49733
0.0000263657 139.25  -10.5434 4.9363
0.0000285391 1550 -10.4642 2.7408
0.0000298709 109.00 -10.4186 4.6913
0.0000357822 2987.55  -10.2381 8.0022
0.0000359337 2497.04  -10.2338 7.8229
0.0000365393 598.00 -10.2171 6.3936
0.0000395358 3,50 -10.1383 1.2528
0.0000421641 98.50  -10.0739 4.5901
0.0000440123 2282.07  -10.0310 7.7328
0.0000445925 17.50  -10.0179 2.8622
0.0000523996 78.00 -9.8566 4.3567
0.0000557747 119.00 -9.7942 4.7791
0.0000617007 2670.91 -9.6932 7.8902
0.0000647076 1740.60 -9.6456 7.4620
0.0000724907 680.87 -9.5321 6.5234
0.0000779572 1315.53 -9.4594 7.1820
0.0000833618 290.43 -9.3923 5.6714
0.0000996210 700.59 -9.2141 6.5519
0.0001071514 4740.81 -9.1413 8.4640
0.0001137777 4385.68 -9.0813 8.3861
0.0001197735 474.40 -9.0299 6.1621
0.0001341897 987.15 -8.9163 6.8948
0.0001376705 496.21 -8.8906 6.2070
0.0001518078 1224.74 -8.7929 7.1105
0.0001625511 24157.28 -8.7245 10.0923
0.0001720041 498.75 -8.6680 6.2121
0.0001766026 7061.58 -8.6416 8.8624
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Table B-1-1. Bagging data used to develop the correlation equations

------------------------ Equipment Type=VALVE Service=G ---------------m-n-mmnm-

(continued)

Natural Natural

Log of Log of

Measured Emission Screening

Plant Data Emission Screening Rate Value Outlier
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
BD NEW 0.0001866845 824.40 -8.5861 6.7147
RE oLD 0.0001904680 1643.51 -8.5660 7.4046
RE oLD 0.0001964120 1423.98 -8.5353 7.2612
RE oLD 0.0001977607 24689.43 -8.5285 10.1141
RE oLD 0.0002152405 1556.44 -8.4438 7.3502
RE OoLD 0.0002180108 2095.88 -8.4310 7.6477
RE OoLD 0.0002232184 3292.43 -8.4074 8.0994
RE OoLD 0.0002275124 6482.10 -8.3883 8.7768
RE OoLD 0.0002307162 4804.03 -8.3743 8.4772
RE oLD 0.0002322459 4368.95 -8.3677 8.3823
BD NEW 0.0002437423 499.40 -8.3194 6.2134
RE oLD 0.0002528838 928.66 -8.2826 6.8337
RE oLD 0.0002757637 877.50 -8.1960 6.7771
BD NEW 0.0002760188 6695.10 -8.1950 8.8091
EO NEW 0.0002904846 8998.00 -8.1440 9.1048
RE oLD 0.0003425098 2139.46 -7.9792 7.6683
EO NEW 0.0003724437 9998.00 -7.8954 9.2101
BD NEW 0.0003991030 394.00 -7.8263 5.9764
RE oLD 0.0004050504 9863.86 -7.8115 9.1966
BD NEW 0.0004404057 1999.00 -7.7278 7.6004
RE oLD 0.0004427801 4287.44 -7.7224 8.3634
RE oLD 0.0004461460 18661.82 -7.7149 9.8342
BD NEW 0.0004471948 799.00 -7.7125 6.6834
RE oLD 0.0004520589 55794.96 -7.7017 10.9294
RE oLD 0.0004529831 4949.37 -7.6997 8.5070
RE oLD 0.0004536846 3965.77 -7.6981 8.2855
RE oLD 0.0004640417 560.84 -7.6755 6.3294
RE oLD 0.0004685177 4279.25 -7.6659 8.3615
RE OoLD 0.0004728028 14956.09 -7.6568 9.6129
RE oLD 0.0005228957 4399.96 -7.5561 8.3894
RE OoLD 0.0005323154 2867.11 -7.5383 7.9611
RE oLD 0.0005465275 16699.10 -7.5119 9.7231
BD NEW 0.0005634682 2999.70 -7.4814 8.0063
BD NEW 0.0005651718 247.00 -7.4784 5.5094
RE oLD 0.0005730494 2037.49 -7.4645 7.6195
RE oLD 0.0005839129 35105.41 -7.4458 10.4661
RE oLD 0.0005991093 246.51 -7.4201 5.5074
RE oLD 0.0006007199 27836.27 -7.4174 10.2341
RE oLD 0.0006146615 1592.14 -7.3944 7.3728
BD NEW 0.0006404920 2743.50 -7.3533 7.9170
RE oLD 0.0006448431 2313.46 -7.3465 7.7465
BD NEW 0.0007363507 1247.00 -7.2138 7.1285
EO NEW 0.0009188385 3448.00 -6.9924 8.1455
RE oLD 0.0009212745 2316.36 -6.9898 7.7478
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Table B-1-1.

(continued)

Plant Data

Type Origin
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE OoLD
RE OoLD
RE OoLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE oLD
RE OoLD
RE OoLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE oLD
RE oLD
RE oLD

Equipment Type=VALVE Service=G

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0009386789 7331.62 -6.9710 8.9000
0.0009859662 32119.44 -6.9219 10.3772
0.0011533445 2785.34 -6.7651 7.9321
0.0011636438 2797.20 -6.7562 7.9364
0.0011668930 203224.00 -6.7534 12.2221
0.0011712242 21751.69 -6.7497 9.9874
0.0017829290 67504.85 -6.3295 11.1200
0.0019401846 56199.96 -6.2450 10.9367
0.0020010182 8684.64 -6.2141 9.0693
0.0022581253 4284.86 -6.0932 8.3628
0.0022870889 3791.44 -6.0805 8.2405
0.0025260448 3163.33 -5.9811 8.0594
0.0025348896 534.08 -5.9776 6.2805
0.0026295658 50201.19 -5.9409 10.8238
0.0027833322 20393.42 -5.8841 9.9230
0.0029409798 4530.72 -5.8290 8.4186
0.0031312882 1860.09 -5.7663 7.5284
0.0031778789 4297.80 -5.7515 8.3659
0.0033409352 219611.97 -5.7015 12.2996
0.0033838729 23015.69 -5.6887 10.0439
0.0036846059 17536.22 -5.6036 9.7720
0.0036971583 16495.48 -5.6002 9.7108
0.0039426484 12647.22 -5.5359 9.4452
0.0039504089 34241.04 -5.5339 10.4412
0.0040050325 1333.88 -5.5202 7.1958
0.0041065399 4005.05 -5.4952 8.2953
0.0041660267 2803.86 -5.4808 7.9388
0.0046273787 20516.30 -5.3758 9.9290
0.0051511364 3629.80 -5.2685 8.1969
0.0060064387 760.42 -5.1149 6.6339
0.0064640997 61150.08 -5.0415 11.0211
0.0067947745 102781.04 -4.9916 11.5404
0.0086599432 287461.04 -4.7490 12.5688
0.0102338821 12994.00 -4.5821 9.4722
0.0112479155 9730.32 -4.4876 9.1830
0.0150883255 749143.47 -4.1938 13.5267
0.0192079955 191834.63 -3.9524 12.1644
0.0212769340 29340.67 -3.8501 10.2867
0.0262475666 189629.11 -3.6402 12.1528
0.0265051976 2373.75 -3.6304 7.7722
0.0277367164 820321.32 -3.5850 13.6175
0.0342721260 90882.86 -3.3734 11.4173
0.0449106195 17031.74 -3.1031 9.7428
0.0645502674 16874.50 -2.7403 9.7336
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Table B-1-1. Bagging data used to develop the correlation equations

------------------------ Equipment Type=VALVE Service=G ---------------m-n-mmnm-

(continued)
Natural Natural
Log of Log of
Measured Emission Screening
Plant Data Emission Screening Rate Value Outlier
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
RE oLD 0.1109042134 326432.21 -2.1991 12.6960
RE oLD 0.1140677949 20836.56 -2.1710 9.9445

N = 179 (O outliers)
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Table B-1-1. Bagging data used to develop the correlation equations

----------------------- Equipment Type=VALVE Service=LL ---------mmonmmmmmmemnne

Natural Natural
Log of Log of
Measured Emission Screening
Plant Data Emission Screening Rate Value Outlier
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
EO NEW 0.0000001148 2.00 -15.9798 0.6931
EO NEW 0.0000001182 0.40  -15.9509 -0.9163
EO NEW 0.0000001490 0.70  -15.7195 -0.3567
EO NEW 0.0000001545 7.00 -15.6828 1.9459
BD NEW 0.0000001546 2.00 -15.6825 0.6931
BD NEW 0.0000001705 225  -15.5843 0.8109
EO NEW 0.0000001748 13.50  -15.5593 2.6027
BD NEW 0.0000001777 150 -15.5431 0.4055
EO NEW 0.0000002092 0.90  -15.3801 -0.1054
EO NEW 0.0000002655 2425  -15.1418 3.1884
EO NEW 0.0000002662 34.00 -15.1392 3.5264
EO NEW 0.0000002674 119.00 -15.1344 4.7791
EO NEW 0.0000002973 1.00 -15.0285 0.0000
BD NEW 0.0000003209 0.25  -14.9523 -1.3863
BD NEW 0.0000003246 14.00  -14.9406 2.6391
BD NEW 0.0000003272 145.00  -14.9326 4.9767
BD NEW 0.0000003761 1.00 -14.7934 0.0000
EO NEW 0.0000004160 1.10 -14.6925 0.0953
BD NEW 0.0000004269 250 -14.6668 0.9163
EO NEW 0.0000005550 0.60  -14.4043 -0.5108
EO NEW 0.0000006711 2.00 -14.2144 0.6931
EO NEW 0.0000006800 154750  -14.2011 7.3444
EO NEW 0.0000007182 280 -14.1465 1.0296
BD NEW 0.0000007281 1.30 -14.1328 0.2624
EO NEW 0.0000007741 1.85 -14.0715 0.6152
EO NEW 0.0000007760 045  -14.0691 -0.7985
BD NEW 0.0000009403 225  -13.8770 0.8109
BD NEW 0.0000009766 325 -13.8391 1.1787
BD NEW 0.0000010750 3,50 -13.7432 1.2528
BD NEW 0.0000013768 6.45  -13.4957 1.8641
EO NEW 0.0000014189 398.00 -13.4656 5.9865
BD NEW 0.0000017270 4.00 -13.2691 1.3863
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Table B-1-1.

(continued)

Plant Data

Type Origin
BD NEW
EO NEW
BD NEW
EO NEW
EO NEW
RE oLD
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
EO NEW
BD NEW
EO NEW
EO NEW
BD NEW
RE oLD
EO NEW
EO NEW
BD NEW
BD NEW
BD NEW
BD NEW
BD NEW
EO NEW
EO NEW
BD NEW
EO NEW
RE oLD
BD NEW
BD NEW
BD NEW
EO NEW
RE oLD
EO NEW
BD NEW
BD NEW
RE oLD
RE oLD
RE oLD
BD NEW
BD NEW
EO NEW

Equipment Type=VALVE Service=LL

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag

0.0000021600 209.00 -13.0454 5.3423
0.0000026370 6.70  -12.8459 1.9021
0.0000026381 18.50  -12.8455 2.9178
0.0000028522 51.20 -12.7674 3.9357
0.0000031653 21.80 -12.6633 3.0819
0.0000032615 2740.82  -12.6333 7.9160
0.0000034734 13.50 -12.5704 2.6027
0.0000034854 486.75  -12.5669 6.1878
0.0000036357 1.40 -12.5247 0.3365
0.0000036487 3.05 -12.5211 1.1151
0.0000038172 0.20 -12.4760 -1.6094
0.0000038185 45.00 -12.4756 3.8067
0.0000045401 21.50 -12.3026 3.0681
0.0000048429 2150  -12.2380 3.0681
0.0000053288 11.40  -12.1424 2.4336
0.0000054257 1.00 -12.1244 0.0000
0.0000054590 4490  -12.1182 3.8044
0.0000061236 5194.17  -12.0034 8.5553
0.0000063620 480  -11.9652 1.5686
0.0000076923 30.00 -11.7753 3.4012
0.0000079625 195.50  -11.7408 5.2756
0.0000080291 20.85 -11.7324 3.0374
0.0000081895 17.75  -11.7127 2.8764
0.0000087183 0.25  -11.6501 -1.3863
0.0000090393 7.00 -11.6139 1.9459
0.0000096017 0.90 -11.5536 -0.1054
0.0000106063 29.00 -11.4541 3.3673
0.0000114056 240 -11.3814 0.8755
0.0000116662 90.00 -11.3588 4.4998
0.0000118300 97.72  -11.3449 45821
0.0000123249 21.90 -11.3039 3.0865
0.0000130315 20.00 -11.2481 2.9957
0.0000136318 49.80  -11.2031 3.9080
0.0000138914 39.40 -11.1842 3.6738
0.0000150006 500.63  -11.1074 6.2159
0.0000150217 108.00 -11.1060 4.6821
0.0000150810 32,50 -11.1021 3.4812
0.0000155478 5450 -11.0716 3.9982
0.0000185551 78.10  -10.8948 4.3580
0.0000191256 191501.42  -10.8645 12.1627 OUTLIER
0.0000196624 4878.72  -10.8368 8.4926
0.0000200735 250.00 -10.8161 5.5215
0.0000212478 67.00 -10.7593 4.2047
0.0000226439 4410  -10.6956 3.7865
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Table B-1-1.

(continued)

Plant Data

Type Origin
EO NEW
EO NEW
BD NEW
RE oLD
BD NEW
EO NEW
EO NEW
BD NEW
BD NEW
RE oLD
EO NEW
EO NEW
RE oLD
EO NEW
BD NEW
BD NEW
RE oLD
BD NEW
BD NEW
BD NEW
RE oLD
RE oLD
EO NEW
RE oLD
RE oLD
EO NEW
EO NEW
EO NEW
RE OoLD
RE oLD
RE OoLD
RE oLD
EO NEW
RE oLD
EO NEW
BD NEW
BD NEW
BD NEW
EO NEW
BD NEW
RE oLD
BD NEW
BD NEW
RE oLD

Equipment Type=VALVE Service=LL

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0000228716 7480  -10.6856 4.3148
0.0000242425 240 -10.6274 0.8755
0.0000244394 35.50 -10.6193 3.5695
0.0000269514 544331  -10.5215 8.6021
0.0000298536 298.90 -10.4192 5.7001
0.0000301615 148.00  -10.4089 4.9972
0.0000330901 59.25  -10.3163 4.0818
0.0000336994 92,50  -10.2980 4.5272
0.0000354699 28.50  -10.2468 3.3499
0.0000378083 604.46  -10.1830 6.4043
0.0000382742 657.80  -10.1707 6.4889
0.0000383797 243.60 -10.1680 5.4955
0.0000387557 24212  -10.1582 5.4894
0.0000387574 48.90 -10.1582 3.8898
0.0000407202 29.00 -10.1088 3.3673
0.0000415953 1349.80  -10.0875 7.2077
0.0000417925 42609.46  -10.0828 10.6598
0.0000429883 248.00 -10.0546 5.5134
0.0000443510 99.00 -10.0234 4.5951
0.0000462778 1.75 -9.9808 0.5596
0.0000470621 906.10 -9.9640 6.8091
0.0000482670 10833.21 -9.9388 9.2904
0.0000508340 79.00 -9.8869 4.3694
0.0000529921 890.55 -9.8454 6.7918
0.0000546755 1193.53 -9.8141 7.0847
0.0000561055 348.00 -9.7883 5.8522
0.0000569507 60.00 -9.7733 4.0943
0.0000626293 163.70 -9.6783 5.0980
0.0000626636 1985.67 -9.6777 7.5937
0.0000654535 318.60 -9.6342 5.7639
0.0000660567 5226.31 -9.6250 8.5615
0.0000664281 4914.24 -9.6194 8.4999
0.0000713497 343.00 -9.5479 5.8377
0.0000749810 1458.90 -9.4983 7.2854
0.0000778658 148.50 -9.4605 5.0006
0.0000893438 350.00 -9.3230 5.8579
0.0000936958 199.75 -9.2755 5.2971
0.0001029548 872.75 -9.1812 6.7716
0.0001063538 148.75 -9.1487 5.0023
0.0001147397 499.50 -9.0728 6.2136
0.0001266782 1183.21 -8.9739 7.0760
0.0001377292 73.00 -8.8902 4.2905
0.0001972580 174.75 -8.5310 5.1634
0.0002313295 50044.57 -8.3717 10.8207
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Table B-1-1.

(continued)

Plant Data

Type Origin
BD NEW
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE OoLD
RE OoLD
RE OoLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE OoLD
RE OoLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE oLD
RE oLD
RE oLD

Measured
Emission

Screening Rate
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv)

0.0002317965
0.0002524777
0.0002580228
0.0002594664
0.0002714139
0.0002825941
0.0002947841
0.0003011106
0.0003056054
0.0003367527
0.0003494725
0.0003655199
0.0003726697
0.0003738730
0.0003743390
0.0003964414
0.0004653107

0.0004698821
0.0004809845
0.0004922594

0.0005246367
0.0005251847
0.0005308943
0.0005614771

0.0005705547
0.0006267770
0.0006426108
0.0006597100

0.0006830173
0.0007019466
0.0007129023
0.0007649183
0.0007702967
0.0008350761

0.0008369235
0.0008536995
0.0008577230
0.0009616788
0.0010351161
0.0010736310
0.0012337497
0.0012793343
0.0013448227
0.0013933013

Equipment Type=VALVE Service=LL

180.00
12405.49
44328.29

510.60
185.88
6976.92
1516.43
44592.42
181.92
88.38
1041.01
17367.57
856.19
8088.28
1959.19
4048.28
35414.65
1543.75
4284.78
104088.32
2645.50
1151.37
14765.02
97.30
358.30
1565.55
5861.53
1793.09
94.75
8827.10
9940.79
25559.24
14.18
1281.36
6097.00
2810.09
6709.07
46673.57
71798.27
3136.03
8519.07
16658.85
962.89
1602.40

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Emission Screening
Value Outlier
Flag
-8.3697 5.1930
-8.2842 9.4259
-8.2625 10.6994
-8.2569 6.2356
-8.2119 5.2251
-8.1715 8.8504
-8.1293 7.3241
-8.1080 10.7053
-8.0932 5.2036
-7.9962 4.4816
-7.9591 6.9479
-7.9142 9.7624
-7.8948 6.7525
-7.8916 8.9982
-7.8903 7.5803
-7.8330 8.3060
-7.6728 10.4749
-7.6630 7.3420
-7.6397 8.3628
-7.6165 11.5530
-7.5528 7.8806
-7.5518 7.0487
-7.5409 9.6000
-7.4849 45778
-7.4689 5.8814
-7.3749 7.3560
-7.3500 8.6762
-7.3237 7.4917
-7.2890 4.5512
-7.2617 9.0856
-7.2462 9.2044
-7.1757 10.1488
-7.1687 2.6518
-7.0880 7.1557
-7.0858 8.7156
-7.0659 7.9410
-7.0612 8.8112
-6.9468 10.7509
-6.8732 11.1816
-6.8367 8.0507
-6.6977 9.0501
-6.6614 9.7207
-6.6115 6.8699
-6.5761 7.3793
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Table B-1-1.

(continued)

Plant Data

Type Origin
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE OoLD
RE OoLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE OoLD
RE oLD
RE OoLD
RE OoLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
RE oLD
BD NEW
RE OoLD
RE oLD
RE oLD
RE oLD

Equipment Type=VALVE Service=LL

Bagging data used to develop the correlation equations

Natural Natural
Log of Log of
Measured Emission Screening
Emission Screening Rate Value Outlier
Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
0.0014732045 22177.98 -6.5203 10.0069
0.0016009142 22172.87 -6.4372 10.0066
0.0018373887 1769.15 -6.2994 7.4783
0.0018697565 25877.90 -6.2819 10.1611
0.0021076721 93629.13 -6.1622 11.4471
0.0022196068 4376.80 -6.1104 8.3841
0.0023716142 1495.00 -6.0442 7.3099
0.0026041383 1313.08 -5.9507 7.1801
0.0026564280 52084.68 -5.9308 10.8606
0.0030068935 45068.90 -5.8068 10.7159
0.0030297587 6771.42 -5.7993 8.8205
0.0032025436 9836.80 -5.7438 9.1939
0.0032489277 140865.29 -5.7294 11.8556
0.0032868739 134149.17 -5.7178 11.8067
0.0034814651 284948.25 -5.6603 12.5601
0.0034830527 59618.63 -5.6598 10.9957
0.0035502018 4839.96 -5.6408 8.4847
0.0036059944 5555.74 -5.6252 8.6226
0.0037109239 72002.57 -5.5965 11.1845
0.0037115648 24755.46 -5.5963 10.1168
0.0038957946 9810.65 -5.5479 9.1912
0.0038969686 1544.40 -5.5476 7.3424
0.0039248950 7476.44 -5.5404 8.9195
0.0040089261 13953.59 -5.5192 9.5435
0.0042596218 30597.64 -5.4586 10.3287
0.0043498677 2026.05 -5.4376 7.6138
0.0043951332 4587.13 -5.4273 8.4310
0.0046094493 73036.68 -5.3796 11.1987
0.0046247477 2875.27 -5.3763 7.9639
0.0046555934 3279.62 -5.3697 8.0955
0.0047542941 5891.43 -5.3487 8.6813
0.0049436538 2135.71 -5.3097 7.6666
0.0049687260 9436.54 -5.3046 9.1523
0.0055770694 80485.19 -5.1891 11.2958
0.0059962681 19368.05 -5.1166 9.8714
0.0066867186 28552.82 -5.0076 10.2595
0.0073478291 129657.01 -4.9134 11.7726
0.0076182294 194.63 -4.8772 5.2711
0.0078722531 3118.82 -4.8444 8.0452
0.0079621021 9500.00 -4.8331 9.1590
0.0095095298 2553.37 -4.6555 7.8452
0.0102176741 44254.56 -4.5836 10.6977
0.0105761365 20652.95 -4.5492 9.9356
0.0126755860 960160.86 -4.3681 13.7749
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Table B-1-1. Bagging data used to develop the correlation equations
----------------------- Equipment Type=VALVE Service=LL --------------m-mmmmmmnn
(continued)

Natural Natural

Log of Log of

Measured Emission Screening

Plant Data Emission Screening Rate Value Outlier
Type Origin Rate (kg/hr)  Value (ppmv) (kg/hr) (ppmv) Flag
RE oLD 0.0128994159 301945.80 -4.3506 12.6180
RE oLD 0.0134752877 28558.21 -4.3069 10.2597
RE oLD 0.0137156706 114.30 -4.2892 4.7388
RE oLD 0.0190054451 1649.34 -3.9630 7.4081
RE oLD 0.0194889771 518201.90 -3.9379 13.1581
RE OoLD 0.0220373843 213772.09 -3.8150 12.2727
RE OoLD 0.0220386022 7980.81 -3.8150 8.9848
RE OoLD 0.0221003955 362645.26 -3.8122 12.8012
RE OoLD 0.0248459751 9843.83 -3.6951 9.1946
RE oLD 0.0254155227 41862.00 -3.6724 10.6421
RE oLD 0.0263386824 659517.01 -3.6367 13.3993
RE oLD 0.0272779071 1399.25 -3.6017 7.2437
RE oLD 0.0283621432 288.41 -3.5627 5.6644
RE oLD 0.0283930499 352.85 -3.5616 5.8660
RE oLD 0.0293848208 480.98 -3.5273 6.1758
RE oLD 0.0303470196 562236.45 -3.4951 13.2397
RE oLD 0.0305360632 21853.55 -3.4888 9.9921
RE oLD 0.0372725448 122666.22 -3.2895 11.7172
RE oLD 0.0410821388 62573.58 -3.1922 11.0441
RE oLD 0.0468639667 393961.70 -3.0605 12.8840
RE oLD 0.0687821973 49473.43 -2.6768 10.8092
RE oLD 0.0713743302 36751.32 -2.6398 10.5119
RE oLD 0.0838252864 360547.09 -2.4790 12.7954
RE oLD 0.1027415340 53569.80 -2.2755 10.8887
RE oLD 0.2448798474 371111.15 -1.4070 12.8243
N = 233 (1 outliers)
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Table B-1-2. Comparison of regression results

combined bagging data sets.

for the old, new, and

Equipment Type/Service: Connectors/All

Data Used in Regression

Statistical Parameter New
Number of data pairs 107
Regression intercept -14.815
Regression slope 0.885
Regression R 2 0.525
Regression correlation coefficient 0.725
Regression mean square error 4.355
Regression root mean square error 2.087
Average In screening value 3.472
Sum of squares of In screening values 646.821
Scale bias correction factor 8.298
Correlation equation constant 3.05E-6

Equipment Type/Service: Pumps/Light Liquid

Data Used in Regression

Statistical Parameter Old a New Combined
Number of data pairs 51 68 117
Regression intercept -12.827  -12515  -12.142
Regression slope 0.865 0.907 0.824
Regression R 2 0.613 0.644 0.710
Regression correlation coefficient 0.783 0.803 0.842
Regression mean square error 2.246 3.783 2.591
Regression root mean square error 1.499 1.945 1.610
Average In screening value 8.582 5.393 6.783
Sum of squares of In screening values 233.223  548.793 1071.500

Scale bias correction factor 2.941 6.149 3.563
Correlation equation constant 7.91E-6 2.26E-5 1.90E-5

a Indicates that the parameter were derived from the

digitized data pairs for the OLD regression.
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Table B-1-2. (continued)

Equipment Type/Service: Valves/Gas

Data Used in Regression

Statistical Parameter Old a New Combined
Number of data pairs 95 84 179
Regression intercept -12.848  -14936  -15.033
Regression slope 0.661 0.750 0.873
Regression R 2 0.359 0.516 0.715
Regression correlation coefficient 0.599 0.711 0.846
Regression mean square error 2.767 4.392 3.745
Regression root mean square error 1.663 2.096 1.935
Average In screening value 8.823 3.691 6.415
Sum of squares of In screening values 329.550 682.442 2186.020

Scale bias correction factor 3.858 8.311 6.315
Correlation equation constant 1.02E-5 2.71E-6 1.87E-6

a |ndicates that the parameter were derived from the
digitized data pairs for the OLD regression.

Equipment Type/Service: Valves/Light Liquid

Data Used in Regression

Statistical Parameter Old a New Combined
Number of data pairs 126 107 232
Regression intercept -10.585  -14.137  -13.975
Regression slope 0.452 0.721 0.797
Regression R 2 0.194 0.502 0.677
Regression correlation coefficient 0.441 0.709 0.823
Regression mean square error 4413 3.115 4.088
Regression root mean square error 2.101 1.765 2.022
Average In screening value 8.978 3.300 6.345
Sum of squares of In screening values 644.683 633.647 3110.310

Scale bias correction factor 8.608 4.580 7.520
Correlation equation constant 2.18E-4  3.32E-6 6.41E-6

a indicates that the parameter were derived from the
digitized data pairs for the OLD regression
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APPENDIX B: ATTACHMENT 2
This attachment lists the data used to develop the default-zero

emission leak rates in table B-2-1. Table B-2-2 lists summary
information on the default-zero development.
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Table B-2-1.

PLT_TYPE

Data used for default zero calculations.

Screening
Value (ppmv)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Mass
Emission
Rate (kg/hr)

0.0000000475
0.0000000608
0.0000000613
0.0000000790
0.0000000988
0.0000001027
0.0000001033
0.0000001037
0.0000001065
0.0000001079
0.0000001085
0.0000001089
0.0000001112
0.0000001113
0.0000001115
0.0000001120
0.0000001125
0.0000001133
0.0000001146
0.0000001146
0.0000001150
0.0000001166
0.0000001176
0.0000001177
0.0000001178
0.0000001181
0.0000001189
0.0000001213
0.0000001234
0.0000001240
0.0000001296
0.0000001320
0.0000001349
0.0000001376
0.0000001390
0.0000001412
0.0000001413
0.0000001440
0.0000001446
0.0000001448
0.0000001454
0.0000001455
0.0000001485
0.0000001490
0.0000001497
0.0000001505
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Natural Log

of Mass

Emission
Rate (kg/hr

-16.86331619
-16.61499543
-16.60715372
-16.35377339
-16.13056673
-16.09179287
-16.08517422
-16.08139097
-16.05508510
-16.04208307
-16.03689892
-16.03320436
-16.01231281
-16.01113856
-16.00911113
-16.00437388
-16.00075170
-15.99300732
-15.98221965
-15.98146212
-15.97834935
-15.96444127
-15.95559511
-15.95545662
-15.95391595
-15.95192362
-15.94478891
-15.92488652
-15.90745448
-15.90308275
-15.85882804
-15.84081663
-15.81855266
-15.79862472
-15.78899513
-15.77318199
-15.77244897
-15.75326730
-15.74929429
-15.74817023
-15.74382504
-15.74329360
-15.72271562
-15.71949421
-15.71483698
-15.70909501



Table B-2-1. Data used for default zero calculations.

-------- Equipment Type=CONNECTORS Service=ALL ---------
(continued)

Natural Log
Mass of Mass
Screening Emission Emission
PLT_TYPE Value (ppmv) Rate (kg/hr) Rate (kg/hr

EO 0.00 0.0000001511 -15.70514515
EO 0.00 0.0000001544 -15.68403336
BD 0.00 0.0000001547 -15.68204363
EO 0.00 0.0000001563 -15.67144879
BD 0.00 0.0000001573 -15.66508859
BD 0.00 0.0000001574 -15.66465227
BD 0.00 0.0000001596 -15.65073157
BD 0.00 0.0000001614 -15.63962500
BD 0.00 0.0000001621 -15.63500235
BD 0.00 0.0000001625 -15.63229582
EO 0.00 0.0000001631 -15.62914831
EO 0.00 0.0000001636 -15.62557049
EO 0.00 0.0000001641 -15.62273582
EO 0.00 0.0000001642 -15.62198449
EO 0.00 0.0000001648 -15.61837621
EO 0.00 0.0000001648 -15.61837621
EO 0.00 0.0000001650 -15.61705986
EO 0.00 0.0000001650 -15.61705962
EO 0.00 0.0000001651 -15.61656953
EO 0.00 0.0000001657 -15.61295101
EO 0.00 0.0000001657 -15.61295101
EO 0.00 0.0000001660 -15.61112981
EO 0.00 0.0000001688 -15.59463081
EO 0.00 0.0000001692 -15.59241662
EO 0.00 0.0000001717 -15.57752890
BD 0.00 0.0000001741 -15.56347827
BD 0.00 0.0000001747 -15.56001908
EO 0.00 0.0000001750 -15.55828552
EO 0.00 0.0000001807 -15.52620814
EO 0.00 0.0000001812 -15.52341721
BD 0.00 0.0000001904 -15.47417798
BD 0.00 0.0000001920 -15.46559058
BD 0.00 0.0000001932 -15.45958528
EO 0.00 0.0000001990 -15.43018880
EO 0.00 0.0000002086 -15.38283699
EO 0.00 0.0000002194 -15.33220908
EO 0.00 0.0000002431 -15.22964242
EO 0.00 0.0000002476 -15.21159451
EO 0.00 0.0000002508 -15.19874994
EO 0.00 0.0000002570 -15.17423032
BD 0.00 0.0000002585 -15.16823490
EO 0.00 0.0000002593 -15.16532554
BD 0.00 0.0000002594 -15.16500428
EO 0.00 0.0000002602 -15.16174131
EO 0.00 0.0000002607 -15.15994436
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Table B-2-1.

Data used for default zero calculations.

-------- Equipment Type=CONNECTORS Service=ALL ---------

(continued)

PLT_TYPE

Screening
Value (ppmv)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Mass
Emission
Rate (kg/hr)

0.0000002626
0.0000002626
0.0000002659
0.0000002664
0.0000002959
0.0000003055
0.0000003140
0.0000003276
0.0000003303
0.0000003315
0.0000003346
0.0000003436
0.0000003436
0.0000003442
0.0000003461
0.0000003504
0.0000003672
0.0000003946
0.0000004121
0.0000004133
0.0000004212
0.0000004468
0.0000004720
0.0000005089
0.0000005180
0.0000005187
0.0000005908
0.0000006166
0.0000006960
0.0000007110
0.0000007192
0.0000008267
0.0000009572
0.0000010002
0.0000010065
0.0000010071
0.0000011795
0.0000011927
0.0000021315
0.0000023492
0.0000024557
0.0000024895
0.0000025620
0.0000030901
0.0000033269
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Natural Log

of Mass

Emission
Rate (kg/hr

-15.15272411
-15.15272411
-15.13996186
-15.13812531
-15.03330632
-15.00115460
-14.97386313
-14.93133352
-14.92340849
-14.91955531
-14.91035517
-14.88372774
-14.88368692
-14.88192105
-14.87648133
-14.86410580
-14.81747447
-14.74527193
-14.70207785
-14.69904106
-14.68010001
-14.62113094
-14.56621062
-14.49108397
-14.47320006
-14.47197698
-14.34186784
-14.29899587
-14.17794549
-14.15652787
-14.14510177
-14.00581175
-13.85929011
-13.81535039
-13.80901606
-13.80841513
-13.65045667
-13.63931593
-13.05868377
-12.96141917
-12.91711588
-12.90342759
-12.87473675
-12.68731235
-12.61346713



Table B-2-1.

Data used for default zero calculations.

--------- Equipment Type=CONNECTORS Service=ALL --------

(continued)

Natural Log
Mass of Mass
Screening Emission Emission
PLT_TYPE Value (ppmv) Rate (kg/hr) Rate (kg/hr
BD 0.00 0.0000037589 -12.49138454
BD 0.00 0.0000040185 -12.42460572
BD 0.00 0.0000042414 -12.37062573
BD 0.00 0.0000044626 -12.31978282
BD 0.00 0.0000066833 -11.91589131
BD 0.00 0.0000075709 -11.79119727
BD 0.00 0.0000105577 -11.45865639
BD 0.00 0.0000144776 -11.14290744
BD 0.00 0.0000154005 -11.08111125
BD 0.00 0.0000165494 -11.00916328
N = 146
------------------- Equipment Type=PUMP Service=LL
Natural Log
Mass of Mass
Screening Emission Emission
PLT_TYPE Value (ppmv) Rate (kg/hr) Rate (kg/hr
EO 0.00 0.0000002532 -15.18920187
EO 0.00 0.0000002674 -15.13444207
BD 0.00 0.0000003397 -14.89520337
BD 0.00 0.0000006493 -14.24738145
BD 0.00 0.0000013801 -13.49334976
BD 0.00 0.0000031715 -12.66130995
EO 0.00 0.0000061497 -11.99910617
BD 0.00 0.0000978267 -9.232313175
N =28
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Table B-2-1.

___________ Equipment Type=VALVE Service=G

PLT_TYPE

Data used for default zero calculations.

Screening
Value (ppmv)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Mass
Emission
Rate (kg/hr)

0.0000000591
0.0000000722
0.0000000737
0.0000000786
0.0000000790
0.0000000796
0.0000001079
0.0000001081
0.0000001083
0.0000001312
0.0000001321
0.0000001325
0.0000001382
0.0000001436
0.0000001446
0.0000001516
0.0000001581
0.0000001595
0.0000001602
0.0000001750
0.0000002350
0.0000002539
0.0000002612
0.0000002633
0.0000002674
0.0000003272
0.0000003339
0.0000003878
0.0000004091
0.0000004607
0.0000006457
0.0000007014
0.0000009932
0.0000009955
0.0000022122
0.0000022562
0.0000025712
0.0000033699
0.0000044219
0.0000106176
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Natural Log

of Mass

Emission
Rate (kg/hr

-16.64400086
-16.44327301
-16.42283692
-16.35920326
-16.35376554
-16.34647953
-16.04237697
-16.04053084
-16.03863245
-15.84631356
-15.83996505
-15.83639998
-15.79429751
-15.75651804
-15.74956966
-15.70207714
-15.65972752
-15.65122577
-15.64710329
-15.55828552
-15.26347692
-15.18638489
-15.15814418
-15.14979281
-15.13444207
-14.93266093
-14.91228255
-14.76283680
-14.70928502
-14.59056027
-14.25286952
-14.17014032
-13.82235860
-13.81999480
-13.02153380
-13.00184573
-12.87114036
-12.60062417
-12.32894306
-11.45299698



Table B-2-1.

.......... Equipment Type=VALVE Service=LL

PLT_TYPE

Data used for default zero calculations.

Screening
Value (ppmv)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Mass
Emission
Rate (kg/hr)

0.0000001121
0.0000001173
0.0000001211
0.0000001229
0.0000001337
0.0000001440
0.0000001461
0.0000001498
0.0000001503
0.0000001513
0.0000001642
0.0000001644
0.0000001644
0.0000001645
0.0000001648
0.0000001654
0.0000001656
0.0000001657
0.0000001660
0.0000001663
0.0000001669
0.0000001758
0.0000001758
0.0000001780
0.0000001804
0.0000001827
0.0000001853
0.0000002507
0.0000002568
0.0000002623
0.0000002645
0.0000002654
0.0000002657
0.0000002664
0.0000002750
0.0000002786
0.0000002807
0.0000002831
0.0000003292
0.0000003296
0.0000003327
0.0000003803
0.0000003997
0.0000004350
0.0000004933
0.0000005121
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Natural Log
of Mass

Emission
Rate (kg/hr

-16.00352165
-15.95857877
-15.92634574
-15.91229458
-15.82756192
-15.75311308
-15.73913742
-15.71376221
-15.71042334
-15.70424314
-15.62246991
-15.62066973
-15.62066973
-15.62017964
-15.61837621
-15.61475957
-15.61343643
-15.61294634
-15.61112981
-15.60930997
-15.60596798
-15.55382679
-15.55382679
-15.54144504
-15.52802656
-15.51543605
-15.50155175
-15.19885548
-15.17511567
-15.15362868
-15.14545135
-15.14208066
-15.14094135
-15.13812531
-15.10635430
-15.09348218
-15.08603323
-15.07737541
-14.92670035
-14.92525863
-14.91592554
-14.78222371
-14.73266021
-14.64784669
-14.52205744
-14.48467228



Table B-2-1. Data used for default zero calculations.

------------ Equipment Type=VALVE Service=LL ------------
(continued)

Natural Log
Mass of Mass
Screening Emission Emission
PLT_TYPE Value (ppmv) Rate (kg/hr) Rate (kg/hr

EO 0.00 0.0000007099 -14.15820731
BD 0.00 0.0000011219 -13.70046348
BD 0.00 0.0000022380 -13.00992148
EO 0.00 0.0000028444 -12.77016392
BD 0.00 0.0000041389 -12.39507152
BD 0.00 0.0000053490 -12.13860411
EO 0.00 0.0000121637 -11.31705756

N = 53
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Table B-2-2. Comparison of Default Zero Mass Emission Rates from the Original EPA Protocol and from the CMA/EPA EO/BD Study
Results from CMA/EPA EO/BD Bagging Data Study

old Revised Default Zero

Default Zero Scale Bias Default Zero Lower 95% Upper 95% Screening
Equipment Emission Rate Number of Correction Emission Rate Confidence Confidence Value

Type Service (kg/hr) Observations Factor (kg/hr) Limit Limit (ppmv)
CONNEC ALL 9.34E-5 146 2.06 6.12E-7 5.02E-7 7.45E-7 0.163
PUMP LL 3.91E-5 8 4,73 7.49E-6 1.36E-6 4.11E-5 0.323
VALVE G 3.31E-5 40 2.19 6.56E-7 4.35E-7 9.87E-7 0.301
VALVE LL 4.52E-4 53 1.65 4.85E-7 3.67E-7 6.42E-7 0.039

The "default zero" screening value is the screening value that would result in emissions equal to
the default zero mass emission rate when entered into the applicable correlation.

were used to estimate the "default zero" screening values.

The revised SOCMI correlations



APPENDIX B: ATTACHMENT 3
This attachment summarizes information on each of the
screening data sets. Table B-3-1 summarizes data used to revise
the SOCMI emission factors. Figures B-3-1 through B-3-4 plot the
screening value distributions for each data set.
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Light Liguid Pumps
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Table B-3-1. Emission Factors Calculated From Revised SOCMI
Correlation Equations.

Average Default
Old Total nonzero Number of zero Average
emission number of emission zero emission emission

Screening Equipment factor  screening rate screening rate factor
data set type Phase (kg/hr) values (kg/hr) values (kg/hr) (kg/hr)
24 UNIT CONNEC ALL 8.30E-04 4,283 2.50E-02 3,740 6.12E-07  3.16E-03
24 UNIT PUMP LL 4.94E-02 646 5.36E-02 335 7.45E-06  2.58E-02
24 UNIT VALVE G 5.60E-03 9,669 2.47E-02 5,962 6.56E-07  9.45E-03
24 UNIT VALVE LL 7.10E-03 18,300 2.99E-02 14,292 4.85E-07  6.55E-03
EO/BD CONNEC ALL 8.30E-04 3,562 3.76E-04 1,381 6.12E-07  2.30E-04
EO/BD PUMP LL 4.94E-02 252 7.12E-03 85 7.45E-06  4.72E-03
EO/BD VALVE G 5.60E-03 6,507 2.83E-03 4,685 6.56E-07  7.92E-04
EO/BD VALVE LL 7.10E-03 15,810 3.26E-03 10,429 4.85E-07  1.11E-03
COMBINED CONNEC ALL 8.30E-04 7,845 5.28E-03 5,121 6.12E-07  1.83E-03 a
COMBINED PUMP LL 4.94E-02 898 3.73E-02 420 7.45E-06  1.99E-02 a
COMBINED VALVE G 5.60E-03 16,176 1.75E-02 10,647 6.56E-07  5.97E-03 a
COMBINED VALVE LL 7.10E-03 34,110 1.46E-02 24,721 4.85E-07  4.03E-03 a

2 These average emission factors are the revised SOCMI average emission factors.
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Revision of Petroleum Industry Correlations and Emisison Factors



APPENDIX C
The purpose of this appendix is to provide background
information on the data collection and analysis performed to
revise the petroleum industry (refineries, marketing terminals,
and oil and gas production operations) correlations and to
develop marketing terminal and oil and gas production operation
average emission factors. Section C.1 addresses the following:

. Comparison of old (1980) and new (1993) refinery data;
Development of revised petroleum industry correlation
equations, default zero emission rates, and pegged
emission rates;

. Summary of petroleum industry correlation parameters;
and
. Development of marketing terminal and oil and gas

production operation average emission factors.

The figures for this section appear at the end of section C.1.

Several attachments that list all of the data are also
included for this appendix. Attachment 1 lists the bagging data
used to develop the correlation equations, attachment 2 lists the
bagging data used to develop pegged emission rates, attachment 3
lists the bagging data used to develop default zero emission
rates, and attachment 4 summarizes the screening data for average
emission factors.

C.1 DEVELOPMENT OF REVISED PETROLEUM INDUSTRY CORRELATIONS AND
FACTORS

During the early-1990’s, new petroleum industry equipment
leak data were collected and analyzed. The Western States
Petroleum Association (WSPA) and the American Petroleum Institute
(API) jointly commissioned the 1994 refinery equipment leak
report 1 to evaluate fugitive emissions at petroleum refineries.

The API also commissioned the 1993 marketing terminal equipment

leak report, 2 and, along with the Gas Research Institute (GRI),

jointly commissioned the 1993 oil and gas production operations

reports. 34  These data are referred to in this discussion as the

1993 petroleum industry data. In contrast to the data collected

during the late-1970’s for the 1980 refinery report S (these are
referred to in this discussion as the 1980 refinery data) which

came from uncontrolled facilities and were used to develop

correlations and emission factors that appear in previous
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versions of this protocol, the 1993 petroleum industry data came
from controlled facilities and were collected using current
procedures that are considered state of the art for the 1990’s.
The purpose of this section is to explain how and why the
1993 data were used to update the petroleum industry correlations
and to present the data that were used in this update. The
conclusions presented in this section were based on a combination
of engineering judgement and quantitative statistical analysis of
the available emission data. Judgments were made based on an
understanding of possible mechanisms of equipment leak emissions
and qualitative assessment of the data. A more detailed
explanation of the analyses highlighted in this section appear in
a technica | memorandum® that is availabl e on EPA’s web site.7

C.l1 Overview of Data Analysis

Based on guidelines presented in chapter 4 of this document,
the quality control/quality assurance (QC/QA) procedures for data
collection and laboratory analysis of the 1993 petroleum industry
data were evaluated and found to be of sufficient quality for the
development of correlations. However, a few data pairs were
excluded from correlation development due to large background
concentrations or high screening value variability. Several
options were considered for using the 1993 petroleum industry
equipment leak data, including:

. Combine the 1980 refinery data and the 1993 refinery data to
develop revised refinery correlations and, based on 1993
data, provide separate new correlations for marketing
terminals and oil and gas production operations.

. Combine the 1980 refinery data with the 1993 refinery,
marketing terminal, and oil and gas production data to
develop new petroleum industry correlations that apply to
all three industry segments.

. Drop the 1980 data and correlations from further use.
Combine the 1993 refinery, marketing terminal, and oil and
gas production operations data to develop a single
correlation that applies to all three industry segments or
keep the three industry segment correlations separate.
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Judgments based upon an understanding of equipment leak
emission mechanisms and a qualitative assessment of the data were
used in conjunction with the following visual comparisons and
statistical tests, that quantitatively evaluate the similarities
or differences between the data being compared, to assess the
options listed above:

. Visual comparison of the plotted data, regression lines, and
95 percent confidence intervals for the regression lines, to
identify general characteristics of the data and to put the
results of statistical tests into perspective.

. F-test for the mean square error (MSE) differences between
the regression equations, to compare the variability of the
errors of the predictions.

. T-tests for intercept (b o) and slope (b 1) differences
between the regression equations, to determine whether the
regressions were statistically different. If the t-test for
the intercepts indicated similarities, but the t-test for
the slopes indicated differences or vice versa, the
regressions were considered statistically different.

However, when both the intercept and slope t-tests indicated
similarities, the regressions were considered statistically
the same.

. Mass verification analysis. Because of the statistical
requirement for normality of the data distributions for the
above tests to be valid, the visual and statistical tests
were evaluated in log-log space (i.e., the mathematical
space that results when regressing the natural logarithm of
the mass emission rate against the natural logarithm of the
screening value). The mass verification analysis was
conducted to assess the impact of the correlations on the
nontransformed data. The total measured mass was compared
to the total mass predicted from each of the industry
segment correlations and from the combined correlations.
Mass ratios (the ratio of the total predicted mass to the
total measured mass) formed the basis for evaluating the
results. The mass verification was considered good when
mass ratio was close to 1.0, indicating that the predicted
mass was close to the measured mass (a mass ratio of 1.0
indicates a perfect prediction because the predicted mass
equals the measured mass).

C-3



C.1.2 Comparison of the 1993 Refinery Data with the 1980
Refinery Data

The 1980 refinery data were collected and analyzed in the
laboratory using procedures that were not as stringent as the
current procedures. Thus, the 1993 refinery data are of better
quality than the 1980 data, as evaluated by today’s standards.

Also, the 1980 data were screened with a TLV calibrated with
hexane and the 1993 refinery data were screened with an OVA
calibrated with methane. Thus, any comparisons between the two
datasets must be made on a common basis. The conversion from TLV
to OVA is not totally clear or understood. Multiple conversion
equations exist and the TLV/OVA relationship changes at different
screening levels. Also, the TLV and OVA use different methods to
obtain measurements that give different results for the same
data. This difficulty was overcome sufficiently to perform a
crude comparison; however no adjustments could be made to compare
both datasets on a common basis with regards to data quality.

The following relationship (taken from Figure C3-18a) 8 was used
to approximate an OVA-methane screening value from a TLV-hexane
screening value:

SVOVA-methane = 10C (C-1)
where:
SVOVA-methane = Screening value taken with OVA-methane
c - [log 10(SVTLV-hexane ) + 0.193]
0.952
SVTLV-hexane = Screening value taken with TLV-hexane.

However, this transformation was achieved in the 1993
refinery report 1 using another conversion equation (from the 1979
valve screening report 9) that gave results that were different
from those obtained using Equation C-1 above, thereby emphasizing
the uncertainty that exists for any of the transformations from
TLV to OVA.

Additionally, pegged data were identified in the 1980
dataset and removed prior to comparisons with the 1993 refinery
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data, because separate emission rates are now calculated for
pegged readings. Thus, the 1980 correlations were adjusted for
screening instrument (TLV) and pegged data. Using available
screening data from 17 marketing terminals as an example, the
adjusted 1980 correlations gave estimations of total facility
emissions that ranged between 42% to 116% of the total facility
emissions obtained from the published 1980 correlations. The
adjusted 1980 correlations gave an estimation of the total
emissions from all 17 marketing terminals that were 61% of the
total emissions estimated from the published 1980 correlations.

The comparisons between the 1980 refinery data and the 1993
refinery data were made for matching equipment types/services.
The following four equipment types/services were compared: all
connectors, light liquid pumps, gas valves, and light liquid
valves. Plots that compare the raw data, the regression lines,
and the 95 percent confidence intervals of the regression lines
for the 1980 and 1993 refinery data were constructed for the four
equipment types/services. The plot for all connector data, which
illustrates the largest visual differences, is shown in
Figure C-1 and the plot for gas valve data, which illustrates the
smallest visual differences, is shown in figure c-2. All of the
plots revealed a general separation of data pairs and 95 percent
confidence intervals of the regression lines, thereby suggesting
that there were differences between the 1980 and 1993 refinery
data.

The results of the statistical tests (not shown) for
differences between the 1980 and 1993 refinery regressions
indicated that the regression lines were different because
statistically significant differences between the 1980 refinery
data and the 1993 refinery data existed for both the slope and
intercept for all equipment types/services. Figure C-3 shows the
ratios of predicted to measured mass that were calculated from
the 1980 refinery data, the 1993 refinery data, and the combined
1980/1993 refinery data (a predicted to measured mass ratio of
1.0 would indicate a perfect prediction). In all cases, either
the combined correlation or the 1993 refinery correlation did a
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better job of predicting the total mass of the 1980 refinery data
than did the 1980 correlation, and the 1993 refinery correlation
always gave the best mass ratios for the 1993 refinery data. The
ratios of predicted to measured mass using the combined 1980/1993
refinery correlations were further from 1.0 than those obtained
individually with either the 1980 or 1993 refinery correlations
for the respective datasets, and thus, a rather poor verification
of the combined correlation was indicated.

Based on the above results, the 1980 refinery data were not
used to develop the revised correlations that are presented in
this revised version of the protocol.

C.1.3 Comparison of the 1993 Refinery Data, the 1993
Marketing Terminal Data, and the 1993 Qil and Gas

Production Operations Data

An underlying concern with all of the comparisons discussed
in this section was the relatively small sample size for most of
the equipment types/services. This problem was also encountered
in the 1980 refinery report. 5 Table C-1 shows the sample size
for each equipment type/service for the 1993 refinery data, the
1993 marketing terminal data, and the 1993 oil and gas production
operations data that were deemed suitable for correlation
development. (For comparative purposes, the corresponding sample
sizes from the 1980 refinery analysis S are footnoted in
Table C-1.) The sample size was 30 or larger for only 9 of the
46 equipment types/services for which data were collected. It is
recommended in chapter 2 that the sample size should be 30 or
larger for the development of correlations. In addition, the
sample size was 10 or less for 23 of the 46 equipment
types/services. Sample sizes that are this small may produce
results of only limited usefulness and meaning.

Two-way statistical comparisons were made between the 1993
refinery, marketing terminal, and oil and gas production
operations data for equipment types/services where data were
collected. All comparisons were service-specific. The following
equipment types/services were compared: light liquid connectors,
light liquid flanges, light liquid open-ended lines, light liquid
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TABLE C-1. SUMMARY OF THE SAMPLE SIZE FOR EACH EQUIPMENT
TYPE/SERVICE FOR THE 1993 REFINERY DATA, THE 1993 MARKETING
TERMINAL DATA, AND THE 1993 OIL AND GAS PRODUCTION OPERATIONS

DATA

Sample Size

1993 Qil &
1993 Gas

1993 Marketing Production

Equipment Stream Refinery Terminal Operations
Type Service Data Data Data Total
Connector Gas 8 2 24 34
Heavy Liquid 2 0 1 3
Light Liquid 18 21 42 81

Flange Gas
Heavy Liquid ‘11 é 2 13
Light Liquid 15 12 13 40
Instrument & Gas 0 0 2 2
Light Liquid 0 0 1 1
Loading Gas 0 7 0 7
Armé Light Liquid 0 16 0 16
Open-Ended Gas 7 0 48 55
Line Heavy Liquid 3 0 13 16
Light Liquid 15 16 39 70
Other @ Gas 0 1 0 1
Light Liquid 0 3 0 1
P;f;f'e“fre  Gas 1 0 6 7
Valve a Light Liquid 1 0 3 4
Pump Heavy Liquid 11 0 0 11
Light Liquid 30 11 1 42
Stuffin Heavy Liquid 0 0 11 11
Box Light Liquid 0 0 12 12
Valve Gas 50 2 84 136
Heavy Liquid 22 0 1 23
Light " Liquid 82 45 51 178
Vent & Gas 0 0 3 3
Light Liquid 0 0 3 3
1993 Petroleum Industry

Total 270 137 368 775
1980 Refinery Total b 678

a Components with small sample sizes will be grouped together
to form an "OTHERS" category.

b For comparative purposes, sample sizes from the 1980
refinery report are: all flanges-52; light liquid
pumps-259, gas valves-79; light liquid values-119; valves
and compressors in hydrogen service-47; all drains-61; and
heavy liquid pumps-61.
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pumps, gas valves, and light liquid valves.

Plots that compare the 1993 refinery, marketing terminal,
and oil and gas production operations raw data, regression lines,
and 95 percent confidence intervals for the regression lines were
constructed for all equipment types/services listed above. The
plot for light liquid flange data, which illustrates the largest
visual differences, is shown in Figure C-4 and the plot for light
liquid valve data, which illustrates the smallest visual
differences, is shown in Figure C-5. In general, all of the data
plots revealed a general intermingling of data pairs from the
three petroleum industry segments and an overlapping of 95
percent confidence intervals of the regression lines. No clear
separation of petroleum industry segments was evident in most of
the data plots.

The results of the statistical tests (not shown) for two-way
differences between regressions for the petroleum industry
segment datasets indicated statistically significant differences
for all of the equipment types/services; however, the visual
plots indicated that these differences may be too small to really
be relevant, especially when compared to the magnitude of the
differences between the 1980 and 1993 refinery data.

Figure C-6 presents the ratios of predicted to measured mass
that were calculated from the 1993 refinery, marketing terminal,
and oil and gas production operations data. The mass ratios from
facility type-specific correlations for the predictions that were
closest to 1.0 for a given facility type dataset were usually
from the correlation based on another facility type. For
example, for light liquid valves, the marketing terminal
correlation gave a mass ratio of 1.06 for the refinery data,
whereas the refinery correlation gave a mass ratio of 1.50 for
the refinery data.

In several cases, the combined petroleum industry
correlation gave an even closer ratio of predicted to measured
mass than any of the individual facility type-specific
correlations. For example, for light liquid flanges, the
combined correlation gave a mass ratio of 0.94 for the marketing
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terminal data, which is better than the 1.34 obtained when using
the marketing terminal correlation. Overall, the combined 1993
petroleum industry correlations gave mass ratios ranging between
0.10 and 2.85 for facility type-specific datasets. The mass
ratios using the combined correlations to predict the total mass
of the combined dataset ranged between 0.28 and 1.42 for all
equipment types/services. Thus, the ratios of predicted to
measured mass obtained from the combined 1993 petroleum industry
correlations were closer to 1.0 than those obtained individually
with facility type-specific correlations, thus supporting the
combination of data from the three petroleum industry segments.
It is not surprising that the visual and statistical results
showed similarities between the petroleum industry segment
datasets because the three industry segments produce similar
products of similar molecular weights, viscosities, and
densities. Therefore the leak mechanisms and screening
instrument response rates are not expected to be different
between the industry segments. Although some small differences
were identified, there is not compelling evidence to believe that
these differences were large enough to be real or meaningful.

Cl4 Development of the Combined Refinery/Marketing
Terminal/Oil and Gas Production Pperations
Correlations, Default Zero Emission Rates, and Peqged

Emission Rates

Based on the results presented in the above section, the
1993 refinery, marketing terminal data, and oil and gas
production operations data were combined to develop petroleum
industry correlations using the procedures outlined in chapter 2
and appendix B. Due to the small sample size for some equipment
types, an "others" category was developed to provide a
correlation for cases not otherwise covered. The equipment types
flagged in Table C-1 (instruments, loading arms, other, pressure
relief valves, stuffing boxes, and vents, compressors, and dump
lever arms) were combined to form this "other" equipment type.

The visual and statistical tests for differences between
regression equations were applied to the combined dataset to aid
in the decision of what equipment type(s)/service(s), if any, to
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combine for developing the correlations. Visual inspection of
the data plots (not shown) revealed that the gas, light liquid,
and heavy liquid service data were generally well intermingled.
The p-values from the t-tests for b o and b1 differences indicated
that the services were statistically similar only for gas/heavy
liquid open-ended lines and for gas/light liquid open-ended

lines. However, most of the statistically significant

differences appeared too small in the visual plots to really be
relevant. As with the comparisons between the refinery,
marketing terminal, and oil and gas production operations data,
the mass verification analysis for the services showed that when
differences were identified for the service comparisons, they
were small, thereby lending support towards combining the data.
Other factors that support combining services include:

. The leak mechanism is the same regardless of service.
However, screening value distributions, which affect total
emissions (not correlations), may be different for each
service.

. When services were segregated, sample sizes for nearly all
equipment types were less than 30, the sample size
recommended in chapter 2 for developing correlations, even
after combining all of the petroleum industry segment data.
Combination of data from all services increased the sample
size to above 30 for nearly all equipment types.

. The importance of the component service was investigated in
the 1994 refinery report, 1 using additional statistical
tests. The analyses of variance that were presented in the
refinery report showed that services should be combined
because there were no statistically significant differences
between the correlations for different services for a given
equipment type.

The visual analysis that was conducted to compare the
regression equations for the different equipment types revealed
that the raw data for the different equipment types were well
intermingled for some equipment types and separated for other
types. However, a stacking of regression lines and confidence
intervals was evident, such that some equations overlapped
(connectors and open-ended lines), but there were rather large
differences between other equations (pumps versus connectors).

Thus, in contrast to other comparisons, where the differences
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were either consistently large (1980 versus 1993 refinery data)

or small (1993 petroleum industry segment data), differences

between the equipment types varied. Based on the visual results,

it was felt that further analysis outside the objectives of this

study was necessary to determine which equipment types to

combine. Therefore, the equipment types remained segregated.
Correlations, default zero emission rates, and pegged

emission rates were developed from the combined 1993 refinery,

marketing terminal, and oil and gas production operations data

for combined services for connectors, flanges, open-ended lines,

pumps, valves, and "other" equipment types. Table C-2 shows the

regression statistics for correlations. The R 2 values ranged

from 0.32 for "others" to 0.54 for valves, thereby indicating

that the equations were capable of predicting about half of the

variability of the mass emission rates. These R 2 values
corresponded to correlation coefficients (r, the square root of
R2) ranging from 0.57 to 0.73. Although these R 2 values were

sometimes less than those obtained for individual
facility/service types, they were more consistent across
equipment types than the R 2 values for the individual
facility/service types which ranged from 0.04 to 0.75. These R
values revealed the inherent limits of this tool for predicting
mass emission rates (an inability to account for 25% to 50% of
the mass emission variance) and were not substantially different
from those shown in other reports. 1,2,3,5 Table C-3 shows the
petroleum industry correlations, default zero emission rates, and
pegged emission rates for each equipment type as calculated from
the combined 1993 refinery, marketing terminal, and oil and gas
production operations data.

Emission estimates from the revised correlations depend on
the distribution of equipment types and screening values at a
given facility. Comparisons of the results obtained from the
1993 correlations and previously published correlations can vary
greatly from facility-to-facility. For screening data that
contained a large number of low screening values from 17
marketing terminals, the 1993 correlations gave estimations of
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TABLE C-2.
AND OIL AND GAS PRODUCTION OPERATIONS DATA

Coefficient Sum of Scale Bias Half-Width
Equipment Type/ Number Intercept Slope  of Simple Standard - Mean !n Squared  Correction of the 95%
. of Data - ~. Errorof Screening _: .
Service Pairs (bp) (by) Determinati Estimate  Valud® Differences Factor Confidence
on (R?) (SBCF) Intervaf
Valve/All 337 -14.169 0.746 0.54 1.544 6.477 1705.07 3.27 0.17
Connector/All 118 -14.893 0.735 0.47 1.754 6.214 592.09 4.51 0.32
Pump/All 53 -11.546  0.610 0.46 1.856 5.816 409.21 5.15 0.51
Othef/All 70 -12.838  0.589 0.32 1.843 5.437 316.36 5.14 0.44
Flange/All 56 -13.788 0.703 0.37 1.771 5.767 204.71 4.48 0.47
Open-Ended Line/All 141 -14.658 0.704 0.44 1.823 6.166 745.97 511 0.30

4The mean In screening value is the average of all of the In screening values:

X = (Un)x  2(X;).

bThe sum of squared differences refers to the difference between the individual In

screening values and the average In screening value: (X -X)2. (The mean In
screening value and the sum of squared differences are used to calculate confidence
intervals.)

The half-width of the 95 percent confidence interval is calculated using the mean In
screening value as the X-value being evaluated in the confidence interval

calculation.

The "other" equipment type includes instruments, loading arms, pressure relief
valves,

stuffing boxes, vents, compressors, and dump lever arms.

REGRESSION STATISTICS FOR THE COMBINED 1993 REFINERY, MARKETING TERMINAL,



€T-0

TABLE C-3. CORRELATION EQUATIONS, DEFAULT ZERO EMISSION RATES, AND PEGGED EMISSION
RATES FOR PREDICTING TOTAL ORGANIC COMPOUND EMISSIONS FROM THE COMBINED 1993 REFINERY,
MARKETING TERMINAL, AND OIL AND GAS PRODUCTION OPERATIONS DATA

Pegged Emission Rates (kg/hr/soufce)

Default Zero Emission Correlation Equatioﬁ"n

Equipment Type/Service Rate (kg/hr/sourc@) 10,000 ppmv 100,000 ppmv (kg/hr/source)
Valve/All 7.8E-06 0.064 0.140 LEAK = 2.29E-06x(SVY-746
Pump/All 2.4E-05 0.074 0.160 LEAK = 5.03E-05x(SVY:610
Othef/All 4.0E-06 0.073 0.110 LEAK = 1.36E-05x(S¥$8°

Connector/All 7.5E-06 0.028 0.030 LEAK = 1.53E-06x(8V¥°
Flange/All 3.1E-07 0.085 0.084 LEAK = 4.61E-06x(SVf3
Open-Ended Line/All 2.0E-06 0.030 0.079 LEAK = 2.20E-06x(SVY-704

aTo 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

reglsters a pegged value, use the appropriate pegged emission rate.

bDefault zero emission rates were based on the combined 1993 refinery and marketing terminal data only
(default zero data were not collected from oil and gas production facilities).

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

dLEAK is the predicted mass emission rate (kg/hr) and SV is the screening value (ppmv) measured by the
monitoring device.

€Only 2 data points were available for the pump 100,000 pegged emission rate; therefore the ratio of

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

fThe "other" equipment type was developed from instruments, loading arms, pressure relief devices,

stuffing boxes, vents, compressors, dump lever arms, diaphrams, drains, hatches, meters, and polished
rods. This "other" equipment type sould be applied to any equipment other than connectors, flanges,
open-ended lines, pumps or valves.



the total facility emissions that ranged from less than 10% to
over 800% of the total facility emissions obtained from the
adjusted 1980 correlations presented in this paper. When the
total emissions from all 17 marketing terminals were evaluated,
the 1993 correlations gave an estimate that was 40% of the total
estimated by the adjusted 1980 correlations. Though the 17
marketing terminals do not represent the entire petroleum
industry, these results illustrate the differences encountered

when comparing emission estimates for individual facilities

versus evaluating all facilities as a single group.

C.l14 Marketing Terminal and Oil and Gas Production Operation
Screening Data for Development of Average Emission
Factors
Screening data from 17 marketing terminals 10 and from 24 oil
and gas production operation facilities 11,12 were available to

EPA for the development of average emission factors using the
same procedures as discussed in appendix B.2.3 for the revision
of SOCMI average factors. Attachment 4 to appendix C summarizes
the screening data used to develop the emission factors.

Little documentation is available for the marketing terminal
data because the data were collected and delivered directly to
EPA with no formal report being written. The marketing terminal
emission factors (shown in Tables 2-3 and 2-7) represent
emissions from uncontrolled facilities.

The following five facility types were represented in the
oil and gas production operations screening dataset:

light crude facilities,

heavy crude facilities,

gas plants,

gas production facilities, and
offshore facilities.

The 24 oil and gas production operations facilities generally
represent uncontrolled facilities, however, a couple of gas

plants have agency-mandated inspection and maintenance programs.
Anecdotal data were available regarding the control level at

other facilities. A statistical analysis revealed that there

were no significant differences between emission factors for

those groups of sites with some form of inspection and
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maintenance program versus those sites with no such programsi3

Thus, the oil and gas production operations emission factors
(shown in Tables 2-4 and 2-8) represent emissions from
uncontrolled facilities.
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Figure C-1. Plot of data and regression lines with 95 percent
confidence intervals for the all connector data
from the 1980 (solid lines for regression
equations and confidence bounds; O for individual
data points) and 1993 (dashed lines for regression
equations and confidence bounds; N for individual
data points) refinery reports (screening values
are in ppmv and leak rates in kg/hr).
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Figure C-2. Plot of data and regression lines with 95 percent
confidence intervals for the gas valve data from
the 1980 (solid lines for regression equations and
confidence bounds; O for individual data points)
and 1993 (dashed lines for regression equations
and confidence bounds; N for individual data
points) refinery reports (screening values are
in ppmv and leak rates in kg/hr).
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Comparison of ratios of predicted to measured mass
formthe 1980 refinery, the 1993 refinery, and the
combined 1980/1993 refinery data (a
predicted-to-measured mass ratio of 1.0 indicates
a perfect prediction). Bars that reach 4.0 on the
chart actually extend beyond 4.0.
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Plot of data and regression lines with 95 percent

confidence intervals for the light liquid flange

data from the 1993 refinery (solid lines for
regression equations and confidence bounds; R for
individual data points), the 1993 marketing
terminal (short dashed lines for regression
equations and confidence bounds; M for individual
data points), and the 1993 oil and gas production
operations (alternating short and long dashed
lines for regression equations and confidence
bounds; M for individual data points) reports
(screening values are in ppmv and leak rates in
kg/hr).
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Figure C-5.
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Plot of data and regression lines with 95 percent

confidence intervals for the light liquid valve

data from the 1993 refinery (solid lines for
regression equations and confidence bounds; R for
individual data points), the 1993 marketing
terminal (short dashed lines for regression
equations and confidence bounds; M for individual
data points), and the 1993 oil and gas production
operations (alternating short and long dashed
lines for regression equations and confidence
bounds; M for individual data points) reports
(screening values are in ppmv and leak rates in
kg/hr).
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Figure C-6. Comparison of the ratios of predicted to observed
mass from the 1993 refinery, marketing terminal,
oil and gas production operations, and the
combined refinery/marketing terminal/oil and gas
production operations data (a
predicted-to-measured mass ratio of 1.0 indicates
a perfect prediction). Bars that reach 4.0 on the
chart actually extend beyond 4.0.
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APPENDIX C: ATTACHMENT 1

This attachment lists the bagging data used to develop the
correlation equations for each of the equipment types in
table C-1-1. Also included is a summary table (table C-1-2) of
the regression statistics for the 1993 refinery, marketing
terminal and oil and gas production operations data individually.
Note that the regression statistics presented in table C-1-2 are
based on the development of the regression lines using natural
logarithms of the leak rates and screening values. Table C-1-3
lists the bagging data for the 1980 refinery data while
table C-1-4 presents regression statistics for the 1980 and
1993 refinery data sets.
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS

Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000045360 8.00 -14.606 2.079
REF 0.00000050826 13.00 -14.492 2.565
ONOFF 0.00000181439 1.75 -13.220 0.560
ONOFF 0.00000272158 106.00 -12.814 4.663
ONOFF 0.00000272158 145.00 -12.814 4.977
ONOFF 0.00000453597 70.00 -12.303 4.248
ONOFF 0.00000498957 98.00 -12.208 4.585
ONOFF 0.00000498957 1,045.00 -12.208 6.952
ONOFF 0.00000680396 1,450.00 -11.898 7.279
ONOFF 0.00000725755 440.00 -11.833 6.087
ONOFF 0.00001043273 195.00 -11.471 5.273
ONOFF 0.00001360791 6,240.00 -11.205 8.739
ONOFF 0.00001632949 4,982.00 -11.023 8.514
MT 0.00001732831 30.00 -10.963 3.401
ONOFF 0.00001995827 93.00 -10.822 4.533
ONOFF 0.00002313345 43.00 -10.674 3.761
ONOFF 0.00002903021 890.00 -10.447 6.791
ONOFF 0.00002993740 549.00 -10.416 6.308
ONOFF 0.00003084460 130.50 -10.387 4.871
REF 0.00004677946 267.00 -9.970 5.587
REF 0.00004909734 446.00 -9.922 6.100
REF 0.00006622970 1,196.50 -9.622 7.087
ONOFF 0.00010659530 2,742.00 -9.146 7.916
ONOFF 0.00013245033 1,999.00 -8.929 7.600
ONOFF 0.00014061508 1,985.00 -8.869 7.593
REF 0.00019757326 271.00 -8.529 5.602
MT 0.00027662615 30.00 -8.193 3.401
ONOFF 0.00033566180 790.00 -7.999 6.672
REF 0.00039860292 7,745.00 -7.828 8.955
ONOFF 0.00046040098 3,996.00 -7.683 8.293
ONOFF 0.00049850313 5,498.00 -7.604 8.612
REF 0.00094198494 10,995.00 -6.968 9.305
ONOFF 0.00105688107 8,995.00 -6.852 9.104
REF 0.00220312075 43,995.00 -6.118 10.692

N = 34
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
--------------------- Equipment Type=CONNECTOR SERVICE=HL ------------mmmnnameee

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000057407 58.50 -14.371 4.069
ONOFF 0.00001360791 19.50 -11.205 2.970
REF 0.00098339835 8,994.00 -6.924 9.104
N =3
--------------------- Equipment Type=CONNECTOR SERVICE=LL -----------nnmmmmmmnm-
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000003124 36.50 -17.282 3.597
REF 0.00000032133 38.00 -14.951 3.638
REF 0.00000039502 6.50 -14.744 1.872
ONOFF 0.00000045360 13.50 -14.606 2.603
REF 0.00000069890 18.00 -14.174 2.890
REF 0.00000138429 1,335.00 -13.490 7.197
REF 0.00000140733 26.50 -13.474 3.277
ONOFF 0.00000226799 1,547.00 -12.997 7.344
REF 0.00000252558 1,393.00 -12.889 7.239
ONOFF 0.00000272158 20.00 -12.814 2.996
ONOFF 0.00000272158 41.00 -12.814 3.714
ONOFF 0.00000272158 155.00 -12.814 5.043
ONOFF 0.00000272158 498.00 -12.814 6.211
ONOFF 0.00000362878 75.00 -12.527 4.317
REF 0.00000366230 91.00 -12.517 4511
ONOFF 0.00000408237 56.00 -12.409 4.025
ONOFF 0.00000408237 96.00 -12.409 4.564
MT 0.00000418117 35.00 -12.385 3.555
ONOFF 0.00000544316 157.50 -12.121 5.059
ONOFF 0.00000589676 200.00 -12.041 5.298
ONOFF 0.00000635036 290.00 -11.967 5.670
ONOFF 0.00000680396 39.00 -11.898 3.664
ONOFF 0.00000816475 4,400.00 -11.716 8.389
MT 0.00001033612 317.00 -11.480 5.759
ONOFF 0.00001133993 294.00 -11.387 5.684
ONOFF 0.00001133993 1,240.00 -11.387 7.123
REF 0.00001226163 1,345.50 -11.309 7.205
ONOFF 0.00001270072 123.00 -11.274 4.812
MT 0.00001529121 23.00 -11.088 3.135
ONOFF 0.00001542230 322.00 -11.080 5.775

C-26



TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
--------------------- Equipment Type=CONNECTOR SERVICE=LL ------------nmmemmmno-

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00001542230 395.00 -11.080 5.979
MT 0.00001610768 23.00 -11.036 3.135
REF 0.00001628413 649.00 -11.025 6.475
ONOFF 0.00001814388 56.00 -10.917 4.025
REF 0.00001880613 19,304.00 -10.881 9.868
ONOFF 0.00002222625 945.00 -10.714 6.851
ONOFF 0.00002267985 825.00 -10.694 6.715
ONOFF 0.00002313345 5,900.00 -10.674 8.683
ONOFF 0.00002585503 172.00 -10.563 5.147
MT 0.00002609816 45.00 -10.554 3.807
MT 0.00002844053 321.00 -10.468 5771
ONOFF 0.00002993740 121.00 -10.416 4.796
ONOFF 0.00003356618 450.00 -10.302 6.109
MT 0.00003923025 42.50 -10.146 3.750
MT 0.00004271251 670.00 -10.061 6.507
MT 0.00004451148 446.50 -10.020 6.101
MT 0.00004481675 542.00 -10.013 6.295
ONOFF 0.00005080287 6,930.00 -9.888 8.844
ONOFF 0.00005216366 1,996.00 -9.861 7.599
MT 0.00005430464 112.00 -9.821 4,718
MT 0.00005460855 96.00 -9.815 4.564
ONOFF 0.00006304999 3,248.00 -9.672 8.086
REF 0.00006329946 21,996.00 -9.668 9.999
MT 0.00006931416 141.50 -9.577 4,952
MT 0.00008792071 511.00 -9.339 6.236
ONOFF 0.00009570897 8,450.00 -9.254 9.042
ONOFF 0.00010886329 1,245.00 -9.125 7.127
ONOFF 0.00011612084 3,495.00 -9.061 8.159
ONOFF 0.00012247120 1,900.00 -9.008 7.550
ONOFF 0.00013381112 6,998.00 -8.919 8.853
MT 0.00013952191 420.00 -8.877 6.040
ONOFF 0.00018461399 2,992.00 -8.597 8.004
MT 0.00021457407 621.50 -8.447 6.432
ONOFF 0.00021863377 5,990.00 -8.428 8.698
MT 0.00025722126 41.00 -8.266 3.714
ONOFF 0.00026263268 1,249.00 -8.245 7.130
REF 0.00026441985 3,595.50 -8.238 8.187
MT 0.00030734827 270.00 -8.088 5.598
MT 0.00031839790 171.50 -8.052 5.145
ONOFF 0.00032341468 1,993.00 -8.037 7.597
ONOFF 0.00033475460 2,240.00 -8.002 7.714
ONOFF 0.00041640207 290.00 -7.784 5.670
MT 0.00071681938 6,996.00 -7.241 8.853
MT 0.00075932142 940.00 -7.183 6.846
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TABLE C-1-1.

Table C-1-1.

Plant
Type

REF
REF
REF
ONOFF
REF
REF
ONOFF

Plant
Type

REF
ONOFF
REF

ONOFF
ONOFF
ONOFF
REF

ONOFF
ONOFF
ONOFF
ONOFF

ONOFF

Measured
Emission
Rate(kg/hr)

0.00082713417
0.00087190420
0.00090365599
0.00152363240
0.00337970607
0.02082463939
0.15713462760

Measured
Emission
Rate(kg/hr)

0.00000133929
0.00000272158
0.00000347791
0.00000944344
0.00000952554
0.00001133993
0.00003220539
0.00003784088
0.00003810215
0.00005533884
0.00007076114
0.00054068765
0.00268479543
0.00444751882

Equipment Type=CONNECTOR SERVICE=LL

(continued)

Screening
Value (ppmv)

89,996.50
62,482.50
6,492.50
2,490.00
52,843.00
27,493.00
44,990.00

N = 81

Screenin

g
Value (ppmv)

344.50
46.00
97.00
37.50
122.00
398.00
597.00
81.00
39.00
197.00
1,996.00
424.00
4,996.00
999.00

N = 14

BAGGING DATA USED TO DEVELOP CORRELATION

(CONTINUED)

Natural
Log of
Emission

Rate
(kg/hr)

-7.098
-7.045
-7.009
-6.487
-5.690
-3.872
-1.851

Bagging Data Used to Develop Correlation Equations

Natural
Log of
Screening
Value

(ppmv)

11.408
11.043
8.778
7.820
10.875
10.222
10.714

Natural
Log of
Emission

Rate
(kg/hr)

-13.523
-12.814
-12.569
-11.570
-11.562
-11.387
-10.343
-10.182
-10.175
-9.802
-9.556
-7.523
-5.920
-5.415
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Natural
Log of
Screening
Value

(ppmv)

5.842
3.829
4.575
3.624
4.804
5.986
6.392
4.394
3.664
5.283
7.599
6.050
8.516
6.907

EQUATIONS



TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=FLANGE SERVICE=HL -----------momnn-mememn

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000585594 22.50 -12.048 3.114
ONOFF 0.00000907194 345.00 -11.610 5.844
N =2
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=FLANGE SERVICE=LL ---------------meemmmn-

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000084061 5.00 -13.989 1.609
REF 0.00000206056 19.50 -13.093 2.970
ONOFF 0.00000317518 84.00 -12.660 4.431
ONOFF 0.00000544316 133.50 -12.121 4.894
MT 0.00000558151 46.00 -12.096 3.829
ONOFF 0.00000680396 4,480.00 -11.898 8.407
REF 0.00001045859 595.50 -11.468 6.389
ONOFF 0.00001315431 174.00 -11.239 5.159
MT 0.00001445342 34.50 -11.145 3.541
ONOFF 0.00001451510 65.00 -11.140 4.174
MT 0.00001889096 50.00 -10.877 3.912
ONOFF 0.00001905108 10.50 -10.868 2.351
ONOFF 0.00002585503 186.00 -10.563 5.226
ONOFF 0.00002903021 530.00 -10.447 6.273
MT 0.00003226209 1,096.50 -10.342 7.000
REF 0.00003390230 69.50 -10.292 4.241
ONOFF 0.00003674136 3,997.00 -10.212 8.293
ONOFF 0.00003764855 192.00 -10.187 5.257
ONOFF 0.00003991654 247.00 -10.129 5.509
MT 0.00005107956 87.00 -9.882 4.466
MT 0.00006298648 1,096.50 -9.673 7.000
REF 0.00007970607 1,996.00 -9.437 7.599
REF 0.00008327588 222.50 -9.393 5.405
REF 0.00012617255 593.00 -8.978 6.385
MT 0.00013896398 392.00 -8.881 5.971
REF 0.00016897850 1,548.00 -8.686 7.345
REF 0.00024779098 3,244.50 -8.303 8.085
ONOFF 0.00025129275 1,145.00 -8.289 7.043
MT 0.00025963440 94.00 -8.256 4.543
REF 0.00030001361 671.00 -8.112 6.509
MT 0.00037563277 27.50 -7.887 3.314
MT 0.00046017418 372.50 -7.684 5.920
MT 0.00090079833 37.50 -7.012 3.624
REF 0.00095309807 20,246.00 -6.956 9.916
MT 0.00096566271 997.00 -6.943 6.905
REF 0.00125641840 34,995.50 -6.679 10.463
REF 0.00169028395 3,997.50 -6.383 8.293
REF 0.00344683843 11,547.00 -5.670 9.354
ONOFF 0.00355030391 1,998.00 -5.641 7.600
REF 0.00382985576 1,495.00 -5.565 7.310
N = 40
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
--------------------- Equipment Type=INSTRUMENT SERVICE=G ---------------momnnn-

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00007302912 1,992.00 -9.525 7.597
ONOFF 0.00028259095 29,998.00 -8.172 10.309
N =2
--------------------- Equipment Type=INSTRUMENT SERVICE=LL ------------nmommmn-
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000272158 2,743.00 -12.814 7.917
N=1
----------------------- Equipment Type=LOADARM SERVICE=G -----------------mmmmnn
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00000641205 18.00 -11.957 2.890
MT 0.00002664338 45.00 -10.533 3.807
MT 0.00007439445 70.00 -9.506 4.248
MT 0.00036316339 19.50 -7.921 2.970
MT 0.00134378118 2,498.50 -6.612 7.823
MT 0.00294180350 387.00 -5.829 5.958
MT 0.00397654903 1,096.00 -5.527 6.999
N=7
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
---------------------- Equipment Type=LOADARM SERVICE=LL ----------mommmnmmeaaan

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00000263449 3.00 -12.847 1.099
MT 0.00000483852 75.00 -12.239 4.317
MT 0.00000647374 76.00 -11.948 4331
MT 0.00001007893 6.00 -11.505 1.792
MT 0.00001144289 4.50 -11.378 1.504
MT 0.00001305906 5.50 -11.246 1.705
MT 0.00001802640 33.00 -10.924 3.497
MT 0.00001825229 6.00 -10.911 1.792
MT 0.00002585775 79.00 -10.563 4.369
MT 0.00002943210 26.50 -10.433 3.277
MT 0.00004225755 46.50 -10.072 3.839
MT 0.00005778372 15.00 -9.759 2.708
MT 0.00007896671 70.00 -9.446 4.248
MT 0.00010795156 96.00 -9.134 4.564
MT 0.00012671233 10.50 -8.974 2.351
MT 0.00021594394 145.50 -8.440 4.980
N = 16
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------- Equipment Type=OEL SERVICE=G ---------------mmmmnnnmmv

Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000077642 20.30 -14.069 3.011
ONOFF 0.00000090719 9.00 -13.913 2.197
ONOFF 0.00000136079 8.00 -13.507 2.079
REF 0.00000177710 60.50 -13.241 4.103
ONOFF 0.00000181439 20.50 -13.220 3.020
ONOFF 0.00000181439 26.50 -13.220 3.277
ONOFF 0.00000181439 30.50 -13.220 3.418
ONOFF 0.00000226799 84.00 -12.997 4.431
ONOFF 0.00000272158 48.00 -12.814 3.871
ONOFF 0.00000272158 195.00 -12.814 5.273
ONOFF 0.00000272158 63.00 -12.814 4.143
ONOFF 0.00000272158 113.50 -12.814 4.732
ONOFF 0.00000362878 440.00 -12.527 6.087
ONOFF 0.00000362878 499.00 -12.527 6.213
REF 0.00000391912 16.50 -12.450 2.803
ONOFF 0.00000408237 546.00 -12.409 6.303
ONOFF 0.00000453597 377.00 -12.303 5.932
ONOFF 0.00000498957 59.00 -12.208 4.078
ONOFF 0.00000544316 24.00 -12.121 3.178
ONOFF 0.00000544316 930.00 -12.121 6.835
ONOFF 0.00000589676 755.00 -12.041 6.627
ONOFF 0.00000771115 65.00 -11.773 4.174
ONOFF 0.00000861834 740.00 -11.662 6.607
ONOFF 0.00000907194 383.00 -11.610 5.948
ONOFF 0.00001043273 600.00 -11.471 6.397
ONOFF 0.00001088633 4,430.00 -11.428 8.396
ONOFF 0.00001133993 250.00 -11.387 5.521
REF 0.00001313209 893.00 -11.240 6.795
ONOFF 0.00001587590 349.00 -11.051 5.855
ONOFF 0.00001859748 2,725.00 -10.892 7.910
ONOFF 0.00002177266 1,745.00 -10.735 7.465
ONOFF 0.00002812302 1,747.00 -10.479 7.466
ONOFF 0.00002857661 1,143.00 -10.463 7.041
ONOFF 0.00003039100 1,400.00 -10.401 7.244
REF 0.00003324186 1,295.00 -10.312 7.166
ONOFF 0.00003447337 1,845.00 -10.275 7.520
REF 0.00004146875 15,068.00 -10.091 9.620
ONOFF 0.00004853488 17,499.00 -9.933 9.770
ONOFF 0.00007166833 820.00 -9.543 6.709
ONOFF 0.00008845142 483.50 -9.333 6.181
ONOFF 0.00010024494 170.00 -9.208 5.136
ONOFF 0.00012065681 1,043.00 -9.023 6.950
ONOFF 0.00013743990 3,400.00 -8.892 8.132
ONOFF 0.00016057335 999.00 -8.737 6.907
ONOFF 0.00016737730 80.00 -8.695 4.382
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TABLE C-1-1.

Table C-1-1.

Plant
Type

ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
REF

ONOFF
ONOFF
ONOFF

Plant
Type

REF

ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
REF

REF

ONOFF
ONOFF

Equipment Type=OEL SERVICE=G

Measured
Emission
Rate(kg/hr)

0.00020729384
0.00025991109
0.00029257008
0.00043046358
0.00057652182
0.00084278327
0.00087367323
0.00107184977
0.00229792253
0.04543499955

Measured
Emission
Rate(kg/hr)

0.00000137984
0.00000453597
0.00000498957
0.00000544316
0.00000544316
0.00000635036
0.00001224712
0.00002948381
0.00005533884
0.00005715323
0.00006304999
0.00008074027

0.00011177991

0.00018571169
0.00045904019
0.00109226163

(continued)

Screening
Value (ppmv)

3,746.00
849.00
13,497.00
1,980.00
27,497.00
5,998.00
44,998.00
5,998.00
14,999.00
1,800.00

N = 55

Equipment Type=OEL SERVICE=HL

Screening
Value (ppmv)

195.00
107.50
33.50
75.00
170.00
85.50
75.00
95.00
142.00
58.00
329.50
2,994.00
1,097.50
15,496.50
1,194.00
4,990.00

N = 16

BAGGING DATA USED TO DEVELOP CORRELATION

(CONTINUED)

Natural
Log of
Emission

Rate
(kg/hr) (ppmv)

-8.481
-8.255
-8.137
-7.751
-7.458
-7.079
-7.043
-6.838
-6.076
-3.091

Natural
Log of
Emission

Rate
(kg/hr) (ppmv)

-13.494
-12.303
-12.208
-12.121
-12.121
-11.967
-11.310
-10.432

-9.802
-9.770
-9.672
-9.424
-9.099
-8.591
-7.686
-6.820

C-34

Bagging Data Used to Develop Correlation Equations

Natural
Log of
Screening
Value

8.228
6.744
9.510
7.591
10.222
8.699
10.714
8.699
9.616
7.496

Natural
Log of
Screening
Value

5.273
4.677
3.512
4.317
5.136
4.449
4.317
4.554
4.956
4.060
5.798

8.004

7.001

9.648
7.085
8.515

EQUATIONS



TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=OEL SERVICE=LL ---------m--mn-mommmeeee

Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000045360 698.00 -14.606 6.548
REF 0.00000079071 100.00 -14.050 4.605
ONOFF 0.00000090719 293.00 -13.913 5.680
MT 0.00000109340 1.00 -13.726 0.000
ONOFF 0.00000136079 122.00 -13.507 4.804
MT 0.00000179606 2.00 -13.230 0.693
ONOFF 0.00000181439 3.75 -13.220 1.322
REF 0.00000269491 14.50 -12.824 2.674
ONOFF 0.00000272158 96.00 -12.814 4.564
ONOFF 0.00000272158 75.00 -12.814 4.317
ONOFF 0.00000272158 110.00 -12.814 4.700
REF 0.00000272462 1,448.00 -12.813 7.278
MT 0.00000289948 8.00 -12.751 2.079
MT 0.00000312574 1.75 -12.676 0.560
ONOFF 0.00000317518 63.00 -12.660 4.143
ONOFF 0.00000317518 547.00 -12.660 6.304
REF 0.00000396675 488.00 -12.438 6.190
ONOFF 0.00000453597 1,004.00 -12.303 6.912
ONOFF 0.00000725755 180.00 -11.833 5.193
ONOFF 0.00000725755 1,148.00 -11.833 7.046
ONOFF 0.00000771115 148.00 -11.773 4.997
ONOFF 0.00000771115 1,000.50 -11.773 6.908
REF 0.00000810124 247.00 -11.723 5.509
ONOFF 0.00000861834 535.00 -11.662 6.282
MT 0.00001089767 175.50 -11.427 5.168
ONOFF 0.00001224712 3.00 -11.310 1.099
MT 0.00001287898 545.50 -11.260 6.302
ONOFF 0.00001360791 996.00 -11.205 6.904
REF 0.00001366144 522.50 -11.201 6.259
ONOFF 0.00001496870 2.50 -11.110 0.916
ONOFF 0.00002131906 44.00 -10.756 3.784
ONOFF 0.00002585503 1,498.00 -10.563 7.312
ONOFF 0.00002721582 99.00 -10.512 4.595
REF 0.00003169282 1,493.00 -10.359 7.309
REF 0.00003332713 66.50 -10.309 4.197
MT 0.00003502223 296.00 -10.260 5.690
ONOFF 0.00004127733 2,144.00 -10.095 7.670
ONOFF 0.00004399891 1,492.00 -10.031 7.308
MT 0.00004551393 51.00 -9.997 3.932
ONOFF 0.00007529711 849.00 -9.494 6.744
REF 0.00007992833 3,243.00 -9.434 8.084
REF 0.00009666606 14,846.00 -9.244 9.605
ONOFF 0.00010659530 1,748.00 -9.146 7.466
ONOFF 0.00010704890 6,985.00 -9.142 8.852
ONOFF 0.00011067767 796.00 -9.109 6.680
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=OEL SERVICE=LL ---------mmennmmmmmmaeee

(continued)
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00012428558 2,200.00 -8.993 7.696
ONOFF 0.00013063594 34,996.00 -8.943 10.463
REF 0.00013571623 535.00 -8.905 6.282
ONOFF 0.00020956183 2,097.00 -8.470 7.648
ONOFF 0.00023541686 2,248.00 -8.354 7.718
MT 0.00028113490 142.00 -8.177 4.956
ONOFF 0.00029483807 1,744.00 -8.129 7.464
REF 0.00035645469 1,996.00 -7.939 7.599
ONOFF 0.00035970244 1,190.00 -7.930 7.082
ONOFF 0.00038510387 4,489.00 -7.862 8.409
MT 0.00053411050 495.00 -7.535 6.205
REF 0.00056373038 12,493.50 -7.481 9.433
MT 0.00056382110 93.00 -7.481 4.533
MT 0.00076480994 1,186.00 -7.176 7.078
MT 0.00082414043 210.00 -7.101 5.347
MT 0.00086428377 1,039.00 -7.054 6.946
REF 0.00092007620 12,990.00 -6.991 9.472
ONOFF 0.00120112492 37,492.00 -6.724 10.532
MT 0.00175405969 990.00 -6.346 6.898
ONOFF 0.00219268802 19,992.00 -6.123 9.903
ONOFF 0.00361471469 42,493.00 -5.623 10.657
ONOFF 0.00594257462 69,994.00 -5.126 11.156
ONOFF 0.00753968974 347.00 -4.888 5.849
REF 0.00883470924 26,795.00 -4.729 10.196
MT 0.05022226254 7,992.00 -2.991 8.986
N =70
------------------------ Equipment Type=OTHER SERVICE=G ----------------mnnnnoev
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00001317427 970.00 -11.237 6.877
N=1
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TABLE C-1-1.

Table C-1-1.

Plant
Type

MT
MT

Plant
Type

REF

ONOFF
ONOFF
ONOFF
ONOFF
ONOFF
ONOFF

Plant
Type

REF

ONOFF
ONOFF
ONOFF

Equipment Type=OTHER SERVICE=LL

Measured
Emission
Rate(kg/hr)

0.00000408142
0.00001337113
0.00003222716

Measured
Emission
Rate(kg/hr)

0.00000184074
0.00000408237
0.00001451510
0.00007393631
0.00010387372
0.00014651184
0.00029166289

Measured
Emission
Rate(kg/hr)

0.00000105779
0.00001496870
0.00002812302
0.00024312801

BAGGING DATA USED TO DEVELOP CORRELATION

(CONTINUED)

Bagging Data Used to Develop Correlation Equations

Natural Natural
Log of Log of
Emission Screening
Screening Rate Value
Value (ppmv) (kg/hr) (ppmv)

73.00 -12.409 4.290
3,995.00 -11.222 8.293
2,991.00 -10.343 8.003

N =3
Natural Natural
Log of Log of
Emission Screening
Screening Rate Value
Value (ppmv) (kg/hr) (ppmv)
2,595.00 -13.205 7.861

19.00 -12.409 2.944

81.00 -11.140 4.394

149.00 -9.512 5.004

578.50 -9.172 6.360
1,345.00 -8.828 7.204
1,741.00 -8.140 7.462
N=7

Natural Natural
Log of Log of
Emission Screening
Screening Rate Value
Value (ppmv) (kg/hr) (ppmv)

3.80 -13.759 1.335

297.00 -11.110 5.694

997.00 -10.479 6.905
5,491.00 -8.322 8.611
N =14
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=PUMP SERVICE=HL --------------nsmmmnnnee

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000090434 281.00 -13.916 5.638
REF 0.00000241563 10.00 -12.934 2.303
REF 0.00000450227 6.80 -12.311 1.917
REF 0.00001091808 19.00 -11.425 2.944
REF 0.00002612447 18.00 -10.553 2.890
REF 0.00006783543 9.50 -9.598 2.251
REF 0.00032885331 45.50 -8.020 3.818
REF 0.00082590946 323.00 -7.099 5.778
REF 0.00089771387 1,145.50 -7.016 7.044
REF 0.00290669509 277.00 -5.841 5.624
REF 0.01268710877 9,496.50 -4.367 9.159
N =11
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=PUMP SERVICE=LL -----------n-mmmmmneeaan

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00000569400 24.50 -12.076 3.199
REF 0.00002452599 107.00 -10.616 4.673
MT 0.00002501950 2.00 -10.596 0.693
MT 0.00002550576 20.00 -10.577 2.996
MT 0.00003079742 95.00 -10.388 4,554
REF 0.00003737186 7,999.00 -10.195 8.987
MT 0.00003825274 45.50 -10.171 3.818
REF 0.00004112537 126.00 -10.099 4.836
REF 0.00004198993 192.00 -10.078 5.257
REF 0.00005151955 66.50 -9.874 4,197
REF 0.00006067767 4.50 -9.710 1.504
MT 0.00006509571 5.00 -9.640 1.609
MT 0.00006677855 7.50 -9.614 2.015
REF 0.00014387644 22.00 -8.847 3.091
REF 0.00018934954 21.50 -8.572 3.068
REF 0.00028473646 7,999.00 -8.164 8.987
REF 0.00034099156 136.00 -7.984 4.913
MT 0.00034670235 8,945.50 -7.967 9.099
REF 0.00048530346 127.00 -7.631 4.844
REF 0.00052476640 15.50 -7.553 2.741
REF 0.00059974599 1,780.00 -7.419 7.484
REF 0.00062650821 66.00 -7.375 4.190
MT 0.00066574435 43.00 -7.315 3.761
REF 0.00082055702 27,996.00 -7.106 10.240
REF 0.00086514560 33,744.50 -7.053 10.427
MT 0.00092406786 6,868.00 -6.987 8.835
REF 0.00095527533 5,970.00 -6.954 8.695
REF 0.00119445704 22,995.00 -6.730 10.043
REF 0.00121223805 1,394.00 -6.715 7.240
REF 0.00122534700 621.00 -6.705 6.431
REF 0.00153538057 183.50 -6.479 5.212
REF 0.00179438447 1,697.00 -6.323 7.437
REF 0.00220076204 947.00 -6.119 6.853
REF 0.00301020593 996.00 -5.806 6.904
REF 0.00489884786 395.00 -5.319 5.979
REF 0.00679034746 5,745.50 -4.992 8.656
REF 0.00757234873 4,997.00 -4.883 8.517
REF 0.00958087635 41,995.00 -4.648 10.645
REF 0.00968248208 13,995.00 -4.637 9.546
MT 0.01317699356 4,488.00 -4.329 8.409
REF 0.03439081920 17,694.50 -3.370 9.781
ONOFF 0.07243808401 4,992.00 -2.625 8.516
N = 42
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
-------------------- Equipment Type=STUFFING BOX SERVICE=HL -------------mnn----

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000317518 26.00 -12.660 3.258
ONOFF 0.00000317518 46.00 -12.660 3.829
ONOFF 0.00000317518 47.50 -12.660 3.861
ONOFF 0.00000544316 75.00 -12.121 4.317
ONOFF 0.00000589676 162.00 -12.041 5.088
ONOFF 0.00001043273 145.00 -11.471 4.977
ONOFF 0.00001451510 145.00 -11.140 4.977
ONOFF 0.00004127733 127.00 -10.095 4.844
ONOFF 0.00007076114 294.00 -9.556 5.684
ONOFF 0.00089630772 795.00 -7.017 6.678
ONOFF 0.00129592670 1,095.00 -6.649 6.999
N =11

Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00014197587 293.00 -8.860 5.680
ONOFF 0.00032114669 842.00 -8.044 6.736
ONOFF 0.00046266896 630.00 -7.678 6.446
ONOFF 0.00052390456 71.00 -7.554 4.263
ONOFF 0.00059421210 647.00 -7.428 6.472
ONOFF 0.00107321056 4,498.00 -6.837 8.411
ONOFF 0.00114442529 1,246.00 -6.773 7.128
ONOFF 0.00120611449 992.00 -6.720 6.900
ONOFF 0.00142293387 748.00 -6.555 6.617
ONOFF 0.00371586682 3,994.00 -5.595 8.293
ONOFF 0.00399664338 4,498.00 -5.522 8.411
ONOFF 0.00602331489 3,496.00 -5.112 8.159
N = 12
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=VALVE SERVICE=G -------------mm-nnmoean

Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000045360 1.25 -14.606 0.223
ONOFF 0.00000045360 9.00 -14.606 2.197
ONOFF 0.00000045360 52.50 -14.606 3.961
ONOFF 0.00000045360 1,997.00 -14.606 7.599
ONOFF 0.00000090719 122.00 -13.913 4.804
REF 0.00000108460 150.00 -13.734 5.011
ONOFF 0.00000136079 142.00 -13.507 4.956
REF 0.00000162324 78.00 -13.331 4.357
MT 0.00000211567 295.50 -13.066 5.689
MT 0.00000226853 1.00 -12.996 0.000
ONOFF 0.00000272158 46.50 -12.814 3.839
ONOFF 0.00000272158 227.50 -12.814 5.427
ONOFF 0.00000317518 31.50 -12.660 3.450
ONOFF 0.00000317518 42.00 -12.660 3.738
REF 0.00000322045 33.00 -12.646 3.497
REF 0.00000323338 23.50 -12.642 3.157
ONOFF 0.00000453597 180.00 -12.303 5.193
REF 0.00000474236 11.00 -12.259 2.398
ONOFF 0.00000498957 1,497.00 -12.208 7.311
ONOFF 0.00000498957 1,780.00 -12.208 7.484
REF 0.00000566633 68.50 -12.081 4.227
REF 0.00000584324 50.00 -12.050 3.912
ONOFF 0.00000635036 749.00 -11.967 6.619
REF 0.00000662796 22.50 -11.924 3.114
ONOFF 0.00000725755 1,620.00 -11.833 7.390
ONOFF 0.00000907194 648.00 -11.610 6.474
ONOFF 0.00000952554 299.00 -11.562 5.700
REF 0.00000959040 105.00 -11.555 4.654
ONOFF 0.00000997913 3.50 -11.515 1.253
ONOFF 0.00000997913 3.50 -11.515 1.253
REF 0.00001004944 240.00 -11.508 5.481
REF 0.00001313209 66.00 -11.240 4.190
REF 0.00001568266 306.00 -11.063 5.724
REF 0.00001582872 26.00 -11.054 3.258
REF 0.00001608773 1,194.50 -11.037 7.085
ONOFF 0.00001905108 1,300.00 -10.868 7.170
REF 0.00001952236 724.00 -10.844 6.585
ONOFF 0.00002177266 96.00 -10.735 4.564
ONOFF 0.00002404064 236.50 -10.636 5.466
REF 0.00002500272 13.00 -10.597 2.565
ONOFF 0.00002721582 115.00 -10.512 4.745
REF 0.00002723941 100.00 -10.511 4.605
REF 0.00002964075 1,495.00 -10.426 7.310
REF 0.00002977456 798.50 -10.422 6.683
ONOFF 0.00002993740 71.00 -10.416 4.263
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=VALVE SERVICE=G --------------sseeennnes

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00003039100 3,485.00 -10.401 8.156
ONOFF 0.00003129819 1,880.00 -10.372 7.539
REF 0.00003320285 297.00 -10.313 5.694
ONOFF 0.00003538057 870.00 -10.249 6.768
ONOFF 0.00004581330 1,746.00 -9.991 7.465
REF 0.00004823551 396.50 -9.939 5.983
ONOFF 0.00004853488 490.00 -9.933 6.194
REF 0.00005161027 195.50 -9.872 5.276
ONOFF 0.00005171006 1,048.00 -9.870 6.955
REF 0.00005379207 331.50 -9.830 5.804
REF 0.00005465391 22.50 -9.814 3.114
REF 0.00005555656 1,049.00 -9.798 6.956
ONOFF 0.00005760682 918.00 -9.762 6.822
REF 0.00005882700 1,045.00 -9.741 6.952
REF 0.00006236052 515.00 -9.683 6.244
ONOFF 0.00006441078 169.00 -9.650 5.130
REF 0.00006601651 496.50 -9.626 6.208
ONOFF 0.00006713236 795.00 -9.609 6.678
ONOFF 0.00007030754 498.00 -9.563 6.211
ONOFF 0.00007166833 1,497.00 -9.543 7.311
REF 0.00007594121 420.00 -9.486 6.040
ONOFF 0.00008618343 249.00 -9.359 5.517
REF 0.00008973964 922.00 -9.319 6.827
ONOFF 0.00009434818 1,748.00 -9.269 7.466
REF 0.00009616711 197.50 -9.249 5.286
REF 0.00009735099 996.00 -9.237 6.904
REF 0.00010011794 1,397.00 -9.209 7.242
ONOFF 0.00010160573 525.00 -9.194 6.263
ONOFF 0.00010523451 3,993.00 -9.159 8.292
ONOFF 0.00010886329 8,180.00 -9.125 9.009
ONOFF 0.00011158487 1,996.00 -9.101 7.599
ONOFF 0.00011294566 499.00 -9.089 6.213
ONOFF 0.00012564638 749.00 -8.982 6.619
ONOFF 0.00013154314 780.00 -8.936 6.659
ONOFF 0.00013426472 785.00 -8.916 6.666
ONOFF 0.00013426472 8,400.00 -8.916 9.036
ONOFF 0.00014605824 3,999.00 -8.832 8.294
ONOFF 0.00014651184 1,997.00 -8.828 7.599
ONOFF 0.00017327406 1,994.00 -8.661 7.598
ONOFF 0.00018053162 290.00 -8.620 5.670
REF 0.00018855575 2,343.00 -8.576 7.759
REF 0.00019906105 142.00 -8.522 4.956
REF 0.00019947836 830.00 -8.520 6.721
ONOFF 0.00021727297 243.00 -8.434 5.493
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
------------------------ Equipment Type=VALVE SERVICE=G --------------sseeennnes

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00021818017 5,725.00 -8.430 8.653
REF 0.00022242130 4,246.00 -8.411 8.354
REF 0.00022387281 297.00 -8.404 5.694
REF 0.00023074027 735.00 -8.374 6.600
ONOFF 0.00023904563 798.00 -8.339 6.682
ONOFF 0.00026898304 999.00 -8.221 6.907
ONOFF 0.00026898304 1,165.00 -8.221 7.060
REF 0.00028817473 3,898.40 -8.152 8.268
ONOFF 0.00029257008 14,995.00 -8.137 9.615
ONOFF 0.00031887871 1,998.00 -8.051 7.600
ONOFF 0.00031978590 1,339.00 -8.048 7.200
ONOFF 0.00032114669 1,339.00 -8.044 7.200
ONOFF 0.00033203302 2,999.00 -8.010 8.006
REF 0.00033339381 7,995.50 -8.006 8.987
REF 0.00033416946 996.00 -8.004 6.904
ONOFF 0.00034972331 7,492.00 -7.958 8.922
REF 0.00035323415 22,495.00 -7.948 10.021
REF 0.00038567541 16,496.00 -7.861 9.711
REF 0.00041993559 1,949.00 -7.775 7.575
ONOFF 0.00043137077 2,997.00 -7.749 8.005
ONOFF 0.00043227796 3,990.00 -7.746 8.292
ONOFF 0.00053070852 3,998.00 -7.541 8.294
REF 0.00060437268 65,699.00 -7.411 11.093
ONOFF 0.00066542683 1,045.00 -7.315 6.952
REF 0.00066864737 3,493.00 -7.310 8.159
ONOFF 0.00069445704 740.00 -7.272 6.607
ONOFF 0.00074027034 699.00 -7.208 6.550
ONOFF 0.00082191781 7,495.00 -7.104 8.922
ONOFF 0.00090220448 69,995.00 -7.011 11.156
ONOFF 0.00094484260 14,999.00 -6.964 9.616
ONOFF 0.00102558287 3,241.00 -6.882 8.084
ONOFF 0.00109815840 44,998.00 -6.814 10.714
REF 0.00111190239 79,998.80 -6.802 11.290
ONOFF 0.00111358069 1,444.00 -6.800 7.275
ONOFF 0.00115621882 4,491.00 -6.763 8.410
ONOFF 0.00124965980 6,000.00 -6.685 8.700
REF 0.00132495691 7,998.00 -6.626 8.987
ONOFF 0.00145377846 2,499.00 -6.534 7.824
ONOFF 0.00155719858 5,235.00 -6.465 8.563
ONOFF 0.00207339200 3,465.00 -6.179 8.150
ONOFF 0.00244851674 2,696.00 -6.012 7.900
ONOFF 0.00269255194 44,995.00 -5.917 10.714
ONOFF 0.00380250386 7,499.00 -5.572 8.923
REF 0.01290846412 2,993.00 -4.350 8.004
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)
Table C-1-1. Bagging Data Used to Develop Correlation Equations

Equipment Type=VALVE SERVICE=G

(continued)
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.01376394811 3,498.00 -4.286 8.160
ONOFF 0.01612628141 49,998.00 -4.127 10.820
ONOFF 0.04505624603 64,998.00 -3.100 11.082
N = 136
----------------------- Equipment Type=VALVE SERVICE=HL -------------n-mmmmmnnme
Natural Natural
Log of Log of
Measured Emission Screening
Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00000007416 22.00 -16.417 3.091
REF 0.00000024878 31.00 -15.207 3.434
REF 0.00000384555 28.00 -12.469 3.332
REF 0.00000417178 23.50 -12.387 3.157
REF 0.00000515059 30.50 -12.176 3.418
REF 0.00000583507 18.50 -12.052 2,918
ONOFF 0.00001043273 120.00 -11.471 4.787
REF 0.00002810986 121.00 -10.479 4.796
REF 0.00003200898 505.00 -10.349 6.225
REF 0.00003625011 122.50 -10.225 4.808
REF 0.00004638030 42.00 -9.979 3.738
REF 0.00007379116 167.00 -9.514 5.118
REF 0.00012682573 92.00 -8.973 4,522
REF 0.00022685294 183.00 -8.391 5.209
REF 0.00025173728 290.00 -8.287 5.670
REF 0.00028499501 464.00 -8.163 6.140
REF 0.00031120838 540.00 -8.075 6.292
REF 0.00040606459 446.00 -7.809 6.100
REF 0.00042830899 956.50 -7.756 6.863
REF 0.00047713871 2,097.50 -7.648 7.649
REF 0.00049600835 2,993.00 -7.609 8.004
REF 0.00223700445 11,494.00 -6.103 9.350
REF 0.01003356618 1,996.00 -4.602 7.599
N = 23
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=VALVE SERVICE=LL -----------mmmmnmmenees

Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
ONOFF 0.00000045360 510.00 -14.606 6.234
REF 0.00000067060 46.50 -14.215 3.839
ONOFF 0.00000090719 3,210.00 -13.913 8.074
REF 0.00000097029 5.50 -13.846 1.705
REF 0.00000097655 51.00 -13.839 3.932
REF 0.00000124345 5.50 -13.598 1.705
REF 0.00000157471 31.50 -13.361 3.450
ONOFF 0.00000181439 8.75 -13.220 2.169
ONOFF 0.00000181439 26.00 -13.220 3.258
REF 0.00000189545 50.00 -13.176 3.912
REF 0.00000203465 26.00 -13.105 3.258
MT 0.00000205103 4.25 -13.097 1.447
REF 0.00000209952 15.00 -13.074 2.708
REF 0.00000232450 23.50 -12.972 3.157
MT 0.00000237776 10.00 -12.949 2.303
REF 0.00000248467 33.50 -12.905 3.512
REF 0.00000401492 136.00 -12.425 4,913
MT 0.00000447800 11.50 -12.316 2.442
REF 0.00000502041 80.00 -12.202 4.382
ONOFF 0.00000635036 274.00 -11.967 5.613
REF 0.00000640298 128.50 -11.959 4.856
ONOFF 0.00000816475 49.00 -11.716 3.892
REF 0.00000834528 51.00 -11.694 3.932
ONOFF 0.00000861834 89.00 -11.662 4.489
MT 0.00000862560 524.00 -11.661 6.261
REF 0.00000895128 119.50 -11.624 4.783
MT 0.00000984079 18.00 -11.529 2.890
ONOFF 0.00000997913 142.00 -11.515 4.956
REF 0.00001072938 60.00 -11.443 4.094
REF 0.00001154767 17.00 -11.369 2.833
REF 0.00001223850 3.50 -11.311 1.253
MT 0.00001432233 59.50 -11.154 4,086
ONOFF 0.00001496870 15.50 -11.110 2.741
MT 0.00001524449 22.00 -11.091 3.091
MT 0.00001602150 34.00 -11.042 3.526
MT 0.00001613626 28.50 -11.034 3.350
REF 0.00001662116 173.00 -11.005 5.153
ONOFF 0.00001769028 339.00 -10.942 5.826
REF 0.00001839744 47.50 -10.903 3.861
ONOFF 0.00002086546 1,197.00 -10.777 7.088
ONOFF 0.00002131906 148.00 -10.756 4.997
ONOFF 0.00002267985 298.00 -10.694 5.697
MT 0.00002288442 74.00 -10.685 4.304
ONOFF 0.00002358705 59.00 -10.655 4.078
ONOFF 0.00002404064 210.00 -10.636 5.347
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=VALVE SERVICE=LL ----------nnnmmeeeeenee-

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00002413726 588.00 -10.632 6.377
ONOFF 0.00002449424 1,398.00 -10.617 7.243
MT 0.00002719722 75.00 -10.512 4.317
ONOFF 0.00002721582 8,960.00 -10.512 9.101
REF 0.00002937177 646.00 -10.435 6.471
ONOFF 0.00003175179 2,497.00 -10.358 7.823
REF 0.00003262633 176.00 -10.330 5.170
MT 0.00003474508 45.00 -10.267 3.807
ONOFF 0.00003492697 1,143.00 -10.262 7.041
MT 0.00003817473 119.00 -10.173 4.779
MT 0.00003920348 181.00 -10.147 5.198
REF 0.00004325547 400.50 -10.048 5.993
ONOFF 0.00004399891 441.00 -10.031 6.089
MT 0.00004902930 116.00 -9.923 4,754
MT 0.00005014515 109.00 -9.901 4.691
REF 0.00005050349 447.50 -9.893 6.104
MT 0.00005156491 22.00 -9.873 3.091
ONOFF 0.00005352445 1,998.00 -9.835 7.600
MT 0.00005386918 205.00 -9.829 5.323
MT 0.00005803320 691.00 -9.754 6.538
MT 0.00005873628 124.00 -9.742 4.820
REF 0.00005976594 108.80 -9.725 4.690
REF 0.00005993377 793.00 -9.722 6.676
REF 0.00006152590 100.00 -9.696 4.605
MT 0.00006221537 116.00 -9.685 4,754
REF 0.00006287762 2,496.00 -9.674 7.822
MT 0.00006335843 61.00 -9.667 4111
MT 0.00006978137 71.50 -9.570 4.270
ONOFF 0.00007575070 3,249.00 -9.488 8.086
ONOFF 0.00007756509 272.00 -9.464 5.606
REF 0.00007775560 2,645.50 -9.462 7.881
REF 0.00008625601 26.50 -9.358 3.277
REF 0.00008785721 192.00 -9.340 5.257
ONOFF 0.00009026581 193.00 -9.313 5.263
ONOFF 0.00009661617 2,246.00 -9.245 7.717
REF 0.00009754604 74.00 -9.235 4.304
ONOFF 0.00010342012 17,499.00 -9.177 9.770
REF 0.00010648644 1,196.00 -9.147 7.087
REF 0.00011324050 595.00 -9.086 6.389
MT 0.00012015785 496.50 -9.027 6.208
REF 0.00012067949 5,000.00 -9.022 8.517
REF 0.00012075660 224.00 -9.022 5.412
REF 0.00013744443 23,996.00 -8.892 10.086
ONOFF 0.00014106867 2,998.00 -8.866 8.006
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=VALVE SERVICE=LL ----------nnnmmeeeeenee-

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
MT 0.00014320058 132.00 -8.851 4.883
REF 0.00015138801 796.50 -8.796 6.680
REF 0.00015260365 2,096.50 -8.788 7.648
REF 0.00015486256 1,044.00 -8.773 6.951
ONOFF 0.00016102694 3,950.00 -8.734 8.281
ONOFF 0.00016374853 798.00 -8.717 6.682
REF 0.00016769028 894.00 -8.693 6.796
ONOFF 0.00016783090 1,997.00 -8.693 7.599
ONOFF 0.00018461399 1,995.00 -8.597 7.598
ONOFF 0.00018461399 2,244.00 -8.597 7.716
ONOFF 0.00019867550 2,998.00 -8.524 8.006
ONOFF 0.00020185068 1,344.00 -8.508 7.203
ONOFF 0.00021545859 596.00 -8.443 6.390
REF 0.00021628867 1,348.00 -8.439 7.206
REF 0.00022579153 3,493.00 -8.396 8.159
REF 0.00022907557 568.00 -8.381 6.342
MT 0.00023388370 20,897.00 -8.361 9.947
MT 0.00024798603 2,744.00 -8.302 7.917
REF 0.00025930781 12,145.50 -8.257 9.405
REF 0.00026239681 2,736.00 -8.246 7.914
ONOFF 0.00027306541 8,450.00 -8.206 9.042
MT 0.00027484804 4,996.50 -8.199 8.516
REF 0.00028502676 1,345.00 -8.163 7.204
REF 0.00028960809 1,248.00 -8.147 7.129
REF 0.00029077384 372.50 -8.143 5.920
MT 0.00029242947 187.50 -8.137 5.234
REF 0.00029891137 105.00 -8.115 4.654
REF 0.00029939672 794.00 -8.114 6.677
MT 0.00031903747 52.50 -8.050 3.961
REF 0.00032606822 4,997.50 -8.028 8.517
ONOFF 0.00032704345 498.00 -8.025 6.211
ONOFF 0.00033611540 253.50 -7.998 5.535
REF 0.00035377846 34,996.50 -7.947 10.463
REF 0.00035974780 2,240.00 -7.930 7.714
ONOFF 0.00036106323 198.00 -7.926 5.288
MT 0.00036868820 4,545.00 -7.906 8.422
ONOFF 0.00037240316 975.00 -7.896 6.882
MT 0.00041536787 3,243.00 -7.786 8.084
MT 0.00042058423 4,246.50 -7.774 8.354
MT 0.00043848771 21,994.00 -7.732 9.999
REF 0.00044372675 42,745.50 -7.720 10.663
REF 0.00045395990 893.00 -7.698 6.795
REF 0.00046035562 20,246.50 -7.684 9.916
REF 0.00046933684 796.00 -7.664 6.680
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TABLE C-1-1. BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS
(CONTINUED)

Table C-1-1. Bagging Data Used to Develop Correlation Equations
----------------------- Equipment Type=VALVE SERVICE=LL ----------nnnmmeeeeenee-

(continued)
Natural Natural
Log of Log of
Measured Emission Screening

Plant Emission Screening Rate Value
Type Rate(kg/hr) Value (ppmv) (kg/hr) (ppmv)
REF 0.00047251202 8,490.00 -7.657 9.047
REF 0.00047945205 3,996.00 -7.643 8.293
REF 0.00049981856 159.50 -7.601 5.072
ONOFF 0.00052617255 19,998.00 -7.550 9.903
REF 0.00057253016 674.00 -7.465 6.513
REF 0.00060782001 23,994.50 -7.406 10.086
REF 0.00061521364 1,598.00 -7.394 7.377
MT 0.00062442166 2,147.50 -7.379 7.672
REF 0.00063122562 2,992.00 -7.368 8.004
REF 0.00066533612 133.50 -7.315 4.894
REF 0.00068511295 995.00 -7.286 6.903
ONOFF 0.00070443618 19,994.00 -7.258 9.903
MT 0.00071074118 8,091.00 -7.249 8.999
ONOFF 0.00075932142 54,997.00 -7.183 10.915
REF 0.00095572893 39,996.50 -6.953 10.597
REF 0.00098348907 1,695.00 -6.924 7.435
ONOFF 0.00102558287 54,995.00 -6.882 10.915
MT 0.00103914542 2,745.00 -6.869 7.918
REF 0.00107547854 474.00 -6.835 6.161
REF 0.00113353896 10,997.00 -6.782 9.305
ONOFF 0.00114669328 2,982.00 -6.771 8.000
ONOFF 0.00118570262 2,998.00 -6.737 8.006
MT 0.00134518734 2,257.50 -6.611 7.722
REF 0.00134786356 79,997.00 -6.609 11.290
ONOFF 0.00135444071 1,046.00 -6.604 6.953
REF 0.00135698086 7,497.00 -6.602 8.922
REF 0.00153742175 21,495.00 -6.478 9.976
MT 0.00160918080 5,434.00 -6.432 8.600
ONOFF 0.00169010251 2,740.00 -6.383 7.916
REF 0.00183253198 6,690.00 -6.302 8.808
MT 0.00188274517 8,994.00 -6.275 9.104
MT 0.00197233058 5,494.00 -6.229 8.611
REF 0.00213984396 15,998.50 -6.147 9.680
ONOFF 0.00223351175 54,998.00 -6.104 10.915
MT 0.00239059240 3,844.00 -6.036 8.254
ONOFF 0.00247028939 42,492.00 -6.003 10.657
ONOFF 0.00256236959 2,496.00 -5.967 7.822
REF 0.00258328041 1,004.00 -5.959 6.912
MT 0.00279048353 3,389.00 -5.882 8.128
MT 0.00305193686 3,302.00 -5.792 8.102
REF 0.00312115577 1,243.00 -5.770 7.125
REF 0.00471287308 2,498.00 -5.357 7.823
REF 0.00601378935 25,895.50 -5.114 10.162
REF 0.01730744806 25,490.00 -4.057 10.146
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TABLE C-1-1.

Table C-1-1.

Plant
Type

REF

Plant
Type
ONOFF

ONOFF
ONOFF

Plant
Type

ONOFF
ONOFF
ONOFF

Equipment Type=VALVE SERVICE=LL

Measured
Emission
Rate(kg/hr)

0.02037603193

Measured
Emission
Rate(kg/hr)

0.00000952554
0.00005261725
0.00033883698

Measured
Emission
Rate(kg/hr)

0.00010478091
0.00014877982
0.00093168829

(continued)

Screening
Value (ppmv)

72,924.00

N = 178

Screening
Value (ppmv)

99.00
1,998.00
894.00

N =3

Screening
Value (ppmv)

1,496.00
396.00
3,497.00

N =3

BAGGING DATA USED TO DEVELOP CORRELATION EQUATIONS

(CONTINUED)

Bagging Data Used to Develop Correlation Equations

Natural Natural
Log of Log of
Emission Screening
Rate Value
(kgrhr) (ppmv)
-3.893 11.197
Natural Natural
Log of Log of
Emission Screening
Rate Value
(kgrhr) (ppmv)
-11.562 4.595
-9.852 7.600
-7.990 6.796
Natural Natural
Log of Log of
Emission Screening
Rate Value
(kgrhr) (ppmv)
-9.164 7.311
-8.813 5.981
-6.979 8.160
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0S-O

Table C-1-2. REGRESSION STATISTICS FOR THE 1993 REFINERY, MARKETING TERMINAL, AND OIL
AND GAS PRODUCTION OPERATIONS DATA

Equipment Root Mean Coefficient Scale Bias Mean In Sum of Squared
Facility Sample Intercept Slope Square of Simple Correction Sareaiin Deviations from
. Type @ Size (b o) (b 1) Error Determin?tion Factor Valueg the Mean In
Type Service (RMSE) (R?) (SBCF) Screening Value
REF93 18 -18.01355 1.005 1.960 0.7353 5.2595 7.12669 169.2060
Connector LIT:q%r:(tj MT93 21 -12.57236 0.560 1.144 0.3456 1.8293 5.28173 41.9152
OAG93 42 -15.95523 0.860 1.564 0.5223 3.1956 6.40961 144.7306
REF93 15 -14.91663 0.891 1.316 0.7503 2.1504 6.79160 85.2498
Flange LIT:q%r:(tj MT93 12 -10.41103 0.237 1.748 0.0413 3.5250 5.00211 23.3301
OAG93 13 -12.88458 0.430 1.715 0.1721 3.4347 5.73992 36.3270
REF93 15 -16.36068 0.907 1.693 0.5966 3.4293 6.97954 66.9792
Open-Ended Light MTO3 16 -14.01355 0.995 1.614 0.7372 3.1160 471076 103.1866
Line Liquid
OAG93 39 -14.59519 0.668 1.929 0.4218 5.6760 6.50333 225.1838
Ligh REF93 30 -10.07607 0.419 1.579 0.3281 3.1882 6.71261 194.3916
Pump L-'g (tj
au MT93 11 -11.40718 0.527 1.617 0.5128 2.2985 4.45340 89.1903
REF93 50 -13.94624 0.675 1.245 0.5725 2.1124 6.22836 218.6160
Valve Gas
OAG93 84 -15.20999 0.858 1.708 0.5296 4.,1228 6.92689 365.7776
REF93 82 -14.17854 0.783 1.453 0.6340 2.7995 6.56265 476.8908
Valve LIT:q%r:(tj MT93 45 -13.29112 0.705 1.071 0.7036 1.7392 5.89259 235.3645
OAG93 51 -13.79570 0.633 1.635 0.3949 3.5907 7.02241 213.3342

aFacility types are: REF93=1993 refinery data, MT93=1993 marketing terminal data, and
OAG93=1993 oil and gas production operations data



Table C-1-3. 1980 Refinery Data

--------------------- Equipment Type=CONNECTOR SERVICE=ALL «--ncmcncmcmcmcccns

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00002862 68.49 135.17 -10.461 4.227 4.907
0.00007993 287.96 611.03 -9.434 5.663 6.415
0.00011026 43.00 82.89 -9.113 3.761 4418
0.00011643 336.64 719.98 -9.058 5.819 6.579
0.00015369 576.42 1,266.67 -8.781 6.357 7.144
0.00021599 199.00 414.48 -8.440 5.293 6.027
0.00021940 21.47 39.96 -8.425 3.066 3.688
0.00022339 289.36 614.14 -8.407 5.668 6.420
0.00029047 1,447.68 3,332.47 -8.144 7.278 8.111
0.00031247 914.91 2,057.90 -8.071 6.819 7.629
0.00044767 425.98 921.92 -7.711 6.054 6.826
0.00045162 451.40 979.81 -7.703 6.112 6.887
0.00045829 914.48 2,056.87 -7.688 6.818 7.629
0.00058280 214.08 447.53 -7.448 5.366 6.104
0.00061930 398.97 860.61 -7.387 5.989 6.758
0.00062396 912.27 2,051.66 -7.379 6.816 7.626
0.00062744 677.13 1,500.12 -7.374 6.518 7.313
0.00084939 106.60 215.14 -7.071 4.669 5.371
0.00085546 582.26 1,280.16 -7.064 6.367 7.155
0.00087692 1,959.67 4,580.42 -7.039 7.581 8.430
0.00089035 921.20 2,072.75 -7.024 6.826 7.637
0.00117035 4,529.79 11,044.58 -6.750 8.418 9.310
0.00170106 198.70 413.81 -6.377 5.292 6.025
0.00173544 726.19 1,614.50 -6.356 6.588 7.387
0.00177404 3,302.89 7,925.90 -6.334 8.103 8.978
0.00179269 2,290.01 5,394.75 -6.324 7.736 8.593
0.00179403 999.45 2,258.09 -6.323 6.907 7.722
0.00231632 4,214.88 10,239.49 -6.068 8.346 9.234
0.00242557 2,860.43 6,814.53 -6.022 7.959 8.827
0.00342813 3,385.21 8,133.54 -5.676 8.127 9.004
0.00342813 3,385.21 8,133.54 -5.676 8.127 9.004
0.00467383 3,933.75 9,523.33 -5.366 8.277 9.161
0.00468673 3,933.74 9,523.31 -5.363 8.277 9.161
0.00468673 3,933.74 9,523.31 -5.363 8.277 9.161
0.00670911 496.56 1,083.02 -5.004 6.208 6.988
0.00956087 1,981.92 4,635.07 -4.650 7.592 8.441
0.00988148 4,890.96 11,971.40 -4.617 8.495 9.390
0.01433650 4,984.13 12,211.05 -4.245 8.514 9.410

N = 38
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Table C-1-3. 1980 Refinery Data (Con't.)

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00000165 124.56 253.38 -13.318 4.825 5.535
0.00001587 124.20 252.60 -11.051 4.822 5.532
0.00002657 125.41 255.18 -10.536 4.832 5.542
0.00006707 306.36 652.11 -9.610 5.725 6.480
0.00016828 1,084.56 2,460.50 -8.690 6.989 7.808
0.00025242 110.79 224.04 -8.284 4.708 5.412
0.00066593 4.88 8.44 -7.314 1.586 2.133
0.00067665 247.44 521.05 -7.298 5.511 6.256
0.00109637 255.86 539.70 -6.816 5.545 6.291
0.00111300 1,093.11 2,480.86 -6.801 6.997 7.816
0.00163974 9,675.85 24,512.03 -6.413 9.177 10.107
0.00164782 84.27 168.08 -6.408 4.434 5.124
0.00168344 249.76 526.17 -6.387 5.520 6.266
0.00168969 249.75 526.16 -6.383 5.520 6.266
0.00169157 1,095.50 2,486.57 -6.382 6.999 7.819
0.00169595 249.75 526.16 -6.380 5.520 6.266
0.00170673 337.53 721.97 -6.373 5.822 6.582
0.00263438 344.99 738.73 -5.939 5.844 6.605
0.00271318 126.27 257.03 -5.910 4.838 5.549
0.00282061 85.42 170.48 -5.871 4.448 5.139
0.00286144 205.12 427.86 -5.856 5.324 6.059
0.00414221 3,256.12 7,808.06 -5.487 8.088 8.963
0.00414368 1,082.80 2,456.31 -5.486 6.987 7.806
0.00420110 345.22 739.25 -5.472 5.844 6.606
0.00428421 255.41 538.69 -5.453 5.543 6.289
0.00433189 204.22 425.90 -5.442 5.319 6.054
0.00690873 1,213.08 2,767.64 -4.975 7.101 7.926
0.00691392 209.53 437.53 -4.974 5.345 6.081
0.00696835 413.59 893.79 -4.966 6.025 6.795
0.00716594 252.19 531.56 -4.938 5.530 6.276
0.00716625 252.52 532.30 -4.938 5.531 6.277
0.00719254 252.19 531.55 -4.935 5.530 6.276
0.00722439 2,659.82 6,313.44 -4.930 7.886 8.750
0.01088314 672.51 1,489.38 -4.521 6.511 7.306
0.01097489 254.74 537.20 -4.512 5.540 6.286
0.01097489 254.74 537.20 -4.512 5.540 6.286
0.01117409 610.07 1,344.46 -4.494 6.414 7.204
0.01119616 414.95 896.86 -4.492 6.028 6.799
0.01147153 2,922.21 6,969.21 -4.468 7.980 8.849
0.01147253 2,929.91 6,988.51 -4.468 7.983 8.852
0.01673968 254.28 536.20 -4.090 5.538 6.285
0.01673968 254.28 536.20 -4.090 5.538 6.285
0.01748345 600.96 1,323.40 -4.047 6.399 7.188
0.01761340 600.95 1,323.36 -4.039 6.399 7.188
0.01778718 414.14 895.03 -4.029 6.026 6.797
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Table C-1-3. 1980 Refinery Data (Con't.)

Natural Natural Natural
Log of Log of TLV Log of OVA

Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.01794441 9,705.86 24,591.90 -4.020 9.180 10.110
0.02777731 9,675.31 24,510.60 -3.584 9.177 10.107
0.02864463 2,945.66 7,027.99 -3.553 7.988 8.858
0.04440422 2,195.64 5,161.48 -3.114 7.694 8.549
0.04565131 1,658.94 3,845.08 -3.087 7.414 8.255
0.11170747 2,216.10 5,212.02 -2.192 7.704 8.559
0.11520974 9,757.82 24,730.22 -2.161 9.186 10.116
0.28962977 9,643.68 24,426.45 -1.239 9.174 10.103
0.28962977 9,643.68 24,426.45 -1.239 9.174 10.103
0.28965511 9,669.08 24,494.01 -1.239 9.177 10.106
0.43111208 2,966.41 7,079.99 -0.841 7.995 8.865
0.43111208 2,966.41 7,079.99 -0.841 7.995 8.865
1.12802623 9,741.28 24,686.17 0.120 9.184 10.114
1.14068097 9,753.65 24,719.09 0.132 9.185 10.115
1.77893548 9,735.45 24,670.65 0.576 9.184 10.113
1.78553430 9,735.29 24,670.24 0.580 9.184 10.113

N = 61
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Table C-1-3. 1980 Refinery Data (Con't.)

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00002962 8.11 14.37 -10.427 2.093 2.665
0.00003944 90.04 180.18 -10.141 4.500 5.194
0.00015933 330.36 705.88 -8.745 5.800 6.559
0.00030611 115.55 234.17 -8.092 4.750 5.456
0.00043153 181.88 377.09 -7.748 5.203 5.932
0.00043691 711.47 1,580.13 -7.736 6.567 7.365
0.00044418 712.29 1,582.04 -7.719 6.568 7.366
0.00044597 198.46 413.29 -7.715 5.291 6.024
0.00089174 257.29 542.85 -7.022 5.550 6.297
0.00121225 713.23 1,584.25 -6.715 6.570 7.368
0.00121225 713.23 1,584.25 -6.715 6.570 7.368
0.00121559 714.87 1,588.07 -6.713 6.572 7.370
0.00121579 607.33 1,338.12 -6.712 6.409 7.199
0.00125953 913.98 2,055.71 -6.677 6.818 7.628
0.00168810 3,960.24 9,590.69 -6.384 8.284 9.169
0.00178173 710.83 1,578.63 -6.330 6.566 7.364
0.00180113 846.36 1,896.25 -6.319 6.741 7.548
0.00183552 1,188.93 2,709.80 -6.300 7.081 7.905
0.00242435 789.16 1,761.85 -6.022 6.671 7.474
0.00244487 661.26 1,463.22 -6.014 6.494 7.288
0.00245776 844.47 1,891.79 -6.009 6.739 7.545
0.00250471 1,176.77 2,680.70 -5.990 7.071 7.894
0.00251852 1,179.48 2,687.17 -5.984 7.073 7.896
0.00345651 916.25 2,061.05 -5.667 6.820 7.631
0.00479664 10,438.79 26,546.18 -5.340 9.253 10.187
0.00481697 2,376.33 5,608.57 -5.336 7.773 8.632
0.00483651 648.56 1,433.70 -5.332 6.475 7.268
0.00697471 504.98 1,102.31 -4.965 6.225 7.005
0.00962437 425.60 921.06 -4.643 6.053 6.826
0.00978532 392.28 845.47 -4.627 5.972 6.740
0.00986119 10,464.10 26,613.82 -4.619 9.256 10.189
0.00986121 10,440.11 26,549.72 -4.619 9.253 10.187
0.00995942 1,982.33 4,636.09 -4.609 7.592 8.442
0.00996275 1,422.56 3,271.75 -4.609 7.260 8.093
0.01438591 4,733.39 11,566.60 -4.242 8.462 9.356
0.01931711 3,127.43 7,484.21 -3.947 8.048 8.921
0.01950717 10,513.52 26,745.84 -3.937 9.260 10.194
0.01966882 10,513.54 26,745.91 -3.929 9.260 10.194
0.01970286 1,861.25 4,339.10 -3.927 7.529 8.375
0.02633481 506.84 1,106.58 -3.637 6.228 7.009
0.02731456 3,677.22 8,872.08 -3.600 8.210 9.091
0.02754090 3,681.46 8,882.81 -3.592 8.211 9.092
0.02775928 5,249.27 12,894.31 -3.584 8.566 9.465
0.02815822 199.52 415.60 -3.570 5.296 6.030
0.02818559 1,184.04 2,698.10 -3.569 7.077 7.900
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Table C-1-3. 1980 Refinery Data (Con't.)

Natural Natural Natural
Log of Log of TLV Log of OVA

Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv

0.02842387 1,003.61 2,267.96 -3.561 6.911 7.727
0.02850212 1,003.61 2,267.96 -3.558 6.911 7.727
0.02850212 1,004.76 2,270.70 -3.558 6.913 7.728
0.02859211 10,538.38 26,812.30 -3.555 9.263 10.197
0.02859211 10,538.38 26,812.30 -3.555 9.263 10.197
0.03691188 1,018.75 2,303.91 -3.299 6.926 7.742
0.03917114 3,092.10 7,395.43 -3.240 8.037 8.909
0.03955608 10,526.89 26,781.58 -3.230 9.262 10.195
0.05258516 2,621.03 6,216.74 -2.945 7.871 8.735
0.05616945 2,837.15 6,756.30 -2.879 7.951 8.818
0.07550022 10,588.68 26,946.74 -2.584 9.268 10.202
0.11098012 9,451.61 23,915.68 -2.198 9.154 10.082
0.11374890 10,589.44 26,948.76 -2.174 9.268 10.202
0.15479117 10,565.72 26,885.35 -1.866 9.265 10.199
0.30036837 10,506.45 26,726.96 -1.203 9.260 10.193
0.30369119 10,518.53 26,759.24 -1.192 9.261 10.195

N = 61
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Table C-1-3. 1980 Refinery Data (Con't.)

------------------- Equipment Type=P_CS_PRV SERVICE=LL_G_TPS «---s-smrmemememes

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00004237 3,392.48 8,151.87 -10.069 8.129 9.006
0.00006298 136.58 279.12 -9.673 4.917 5.632
0.00006364 1,886.21 4,400.25 -9.662 7.542 8.389
0.00006397 1,534.24 3,542.06 -9.657 7.336 8.172
0.00010622 170.88 353.17 -9.150 5.141 5.867
0.00016673 3,408.70 8,192.83 -8.699 8.134 9.011
0.00017201 594.94 1,309.46 -8.668 6.388 7.177
0.00041408 374.65 805.59 -7.789 5.926 6.692
0.00041408 374.65 805.59 -7.789 5.926 6.692
0.00042163 1,089.97 2,473.39 -7.771 6.994 7.813
0.00043552 35.08 66.94 -7.739 3.558 4.204
0.00068080 268.97 568.78 -7.292 5.595 6.343
0.00068243 193.58 402.61 -7.290 5.266 5.998
0.00104082 3,463.88 8,332.20 -6.868 8.150 9.028
0.00105002 1,716.27 3,984.79 -6.859 7.448 8.290
0.00105273 1,205.32 2,749.04 -6.856 7.094 7.919
0.00105947 3,814.46 9,220.20 -6.850 8.247 9.129
0.00106711 24.55 46.02 -6.843 3.201 3.829
0.00107106 24.55 46.02 -6.839 3.201 3.829
0.00108841 431.13 933.64 -6.823 6.066 6.839
0.00108885 245.52 516.81 -6.823 5.503 6.248
0.00167903 970.51 2,189.47 -6.390 6.878 7.691
0.00170760 1,207.89 2,755.21 -6.373 7.097 7.921
0.00173961 431.38 934.21 -6.354 6.067 6.840
0.00254547 685.07 1,518.60 -5.973 6.530 7.326
0.00259400 4,915.33 12,034.08 -5.955 8.500 9.395
0.00259443 1,742.04 4,047.66 -5.954 7.463 8.306
0.00263011 15,437.18 40,039.38 -5.941 9.645 10.598
0.00264161 3,073.11 7,347.73 -5.936 8.030 8.902
0.00268912 1,216.00 2,774.64 -5.919 7.103 7.928
0.00271908 1,216.01 2,774.68 -5.907 7.103 7.928
0.00272186 383.07 824.63 -5.906 5.948 6.715
0.00399588 13,479.04 34,722.28 -5.522 9.509 10.455
0.00405129 1,224.09 2,794.03 -5.509 7.110 7.935
0.00406909 3,070.07 7,340.09 -5.504 8.029 8.901
0.00416407 34,171.65 92,254.02 -5.481 10.439 11.432
0.00423609 1,952.06 4,561.75 -5.464 7.577 8.425
0.00423609 1,952.06 4,561.75 -5.464 7.577 8.425
0.00641761 549.40 1,204.39 -5.049 6.309 7.094
0.00646354 11,933.39 30,552.46 -5.042 9.387 10.327
0.00655481 1,738.73 4,039.58 -5.028 7.461 8.304
0.00656223 2,472.04 5,846.08 -5.026 7.813 8.674
0.00656741 6,115.18 15,137.41 -5.026 8.719 9.625
0.00658649 6,816.89 16,967.08 -5.023 8.827 9.739
0.00665525 34,348.91 92,756.76 -5.012 10.444 11.438
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Table C-1-3. 1980 Refinery Data (Con't.)

------------------- Equipment Type=P_CS_PRV SERVICE=LL_G_TPS «---r-smrmemememes

(continued)

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00672364 3,057.93 7,309.60 -5.002 8.025 8.897
0.00673458 18,598.42 48,693.93 -5.001 9.831 10.793
0.00679853 3,057.97 7,309.71 -4.991 8.026 8.897
0.00684900 3,053.32 7,298.03 -4.984 8.024 8.895
0.00690833 1,550.34 3,581.13 -4.975 7.346 8.183
0.01031255 158.23 325.77 -4.574 5.064 5.786
0.01036867 11,977.05 30,669.89 -4.569 9.391 10.331
0.01058991 3,017.82 7,208.93 -4.548 8.012 8.883
0.01085059 17,055.40 44,459.47 -4.524 9.744 10.702
0.01088011 1,544.12 3,566.03 -4.521 7.342 8.179
0.01088011 1,544.12 3,566.03 -4.521 7.342 8.179
0.01580135 18,934.25 49,617.93 -4.148 9.849 10.812
0.01593600 776.04 1,731.11 -4.139 6.654 7.457
0.01650647 34,388.01 92,867.66 -4.104 10.445 11.439
0.01656751 34,388.09 92,867.88 -4.100 10.445 11.439
0.01689730 3,810.16 9,209.28 -4.081 8.245 9.128
0.01692011 24,077.03 63,863.87 -4.079 10.089 11.065
0.01719892 1,535.57 3,545.31 -4.063 7.337 8.173
0.01719892 1,535.57 3,545.31 -4.063 7.337 8.173
0.02585373 3,477.82 8,367.42 -3.655 8.154 9.032
0.02593482 17,205.09 44,869.44 -3.652 9.753 10.712
0.02608028 60,696.69 168,680.19 -3.647 11.014 12.036
0.02608058 60,603.82 168,409.10 -3.647 11.012 12.034
0.02627388 60,604.52 168,411.13 -3.639 11.012 12.034
0.02639205 1,560.08 3,604.77 -3.635 7.352 8.190
0.02646313 4,937.17 12,090.24 -3.632 8.505 9.400
0.02686162 1,747.13 4,060.09 -3.617 7.466 8.309
0.02686725 21,446.53 56,555.63 -3.617 9.973 10.943
0.02690520 305.39 649.94 -3.615 5.722 6.477
0.02699393 2,453.79 5,800.75 -3.612 7.805 8.666
0.02749516 6,829.08 16,998.96 -3.594 8.829 9.741
0.02757885 34,200.07 92,334.61 -3.591 10.440 11.433
0.02757885 34,200.07 92,334.61 -3.591 10.440 11.433
0.02768154 34,095.81 92,038.95 -3.587 10.437 11.430
0.02778396 34,095.89 92,039.17 -3.583 10.437 11.430
0.02780143 6,829.17 16,999.20 -3.583 8.829 9.741
0.02813742 6,005.66 14,852.78 -3.571 8.700 9.606
0.02824146 6,005.69 14,852.85 -3.567 8.700 9.606
0.03877057 30,226.79 81,100.81 -3.250 10.316 11.303
0.03927627 8,464.05 21,297.97 -3.237 9.044 9.966
0.03996025 6,008.29 14,859.61 -3.220 8.701 9.606
0.03999937 690.59 1,531.47 -3.219 6.538 7.334
0.04005716 54,394.88 150,333.83 -3.217 10.904 11.921
0.04060862 38,084.57 103,381.36 -3.204 10.548 11.546
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Table C-1-3. 1980 Refinery Data (Con't.)

------------------- Equipment Type=P_CS_PRV SERVICE=LL_G_TPS «---s-rmsmemememes

(continued)
Natural Natural Natural
Log of Log of TLV Log of OVA

Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv

0.04060908 38,026.29 103,215.21 -3.204 10.546 11.545
0.04187031 11,943.02 30,578.34 -3.173 9.388 10.328
0.04256917 9,349.99 23,645.64 -3.157 9.143 10.071
0.04256917 9,349.99 23,645.64 -3.157 9.143 10.071
0.04283001 2,432.76 5,748.56 -3.151 7.797 8.657
0.04283051 2,429.05 5,739.33 -3.151 7.795 8.655
0.06487572 24,414.57 64,804.64 -2.735 10.103 11.079
0.06532933 42,937.13 117,260.65 -2.728 10.667 11.672
0.06538471 38,223.99 103,778.94 -2.727 10.551 11.550
0.06581353 42,937.52 117,261.79 -2.721 10.668 11.672
0.06772129 3,881.55 9,390.62 -2.692 8.264 9.147
0.06798752 494.31 1,077.85 -2.688 6.203 6.983
0.06842301 4,313.78 10,492.02 -2.682 8.370 9.258
0.06849158 494.31 1,077.86 -2.681 6.203 6.983
0.06997327 2,509.90 5,940.16 -2.660 7.828 8.689
0.06997569 2,498.40 5,911.58 -2.660 7.823 8.685
0.09915559 42,959.58 117,325.05 -2.311 10.668 11.673
0.10025896 43,025.90 117,515.33 -2.300 10.670 11.674
0.10120459 4,296.13 10,446.92 -2.291 8.365 9.254
0.10206861 77,307.92 217,480.42 -2.282 11.256 12.290
0.10232039 1,581.97 3,657.91 -2.280 7.366 8.205
0.10262666 60,707.73 168,712.42 -2.277 11.014 12.036
0.10331044 1,930.11 4,507.88 -2.270 7.565 8.414
0.10338849 60,615.54 168,443.32 -2.269 11.012 12.034
0.10383965 12,085.32 30,961.16 -2.265 9.400 10.340
0.10462156 54,460.17 150,523.39 -2.257 10.905 11.922
0.10462397 54,293.77 150,040.32 -2.257 10.902 11.919
0.10699986 6,851.16 17,056.70 -2.235 8.832 9.744
0.10931033 7,637.50 19,118.82 -2.214 8.941 9.858
0.15847552 43,182.52 117,964.71 -1.842 10.673 11.678
0.15898465 76,643.97 215,518.87 -1.839 11.247 12.281
0.16951073 3,042.23 7,270.20 -1.775 8.020 8.892
0.25840755 7,645.71 19,140.43 -1.353 8.942 9.860
0.26302874 3,067.28 7,333.09 -1.335 8.029 8.900
0.26527004 12,081.00 30,949.56 -1.327 9.399 10.340
0.42981364 3,073.86 7,349.62 -0.844 8.031 8.902
1.10801132 30,774.57 82,645.36 0.103 10.334 11.322
1.10801132 30,774.57 82,645.36 0.103 10.334 11.322
1.12449932 30,775.07 82,646.76 0.117 10.334 11.322

N = 128
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Table C-1-3. 1980 Refinery Data (Con't.)

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00001331 88.91 177.82 -11.227 4.488 5.181
0.00004011 6,639.19 16,502.81 -10.124 8.801 9.711
0.00005873 1,100.81 2,499.23 -9.743 7.004 7.824
0.00008684 28,723.41 76,869.15 -9.351 10.265 11.250
0.00008847 273.72 579.32 -9.333 5.612 6.362
0.00008852 82.39 164.13 -9.332 4411 5.101
0.00012745 2,159.55 5,072.40 -8.968 7.678 8.532
0.00026556 4,000.01 9,691.89 -8.234 8.294 9.179
0.00037361 4,327.05 10,525.93 -7.892 8.373 9.262
0.00053159 2,786.15 6,628.77 -7.540 7.932 8.799
0.00056183 9,364.08 23,683.07 -7.484 9.145 10.073
0.00056516 9,364.16 23,683.30 -7.478 9.145 10.073
0.00077033 9,401.02 23,781.23 -7.169 9.149 10.077
0.00079547 3,094.87 7,402.39 -7.137 8.038 8.910
0.00111849 2,001.89 4,684.16 -6.796 7.602 8.452
0.00163767 10,341.06 26,285.19 -6.414 9.244 10.177
0.00164080 8,596.21 21,647.44 -6.413 9.059 9.983
0.00164247 10,364.87 26,348.78 -6.412 9.246 10.179
0.00230073 40,320.51 109,766.16 -6.075 10.605 11.606
0.00230829 3,972.31 9,621.40 -6.071 8.287 9.172
0.00329738 17,115.36 44,623.65 -5.715 9.748 10.706
0.00335895 87,956.92 249,053.14 -5.696 11.385 12.425
0.00339793 67,782.41 189,423.49 -5.685 11.124 12.152
0.00479241 4,409.66 10,737.12 -5.341 8.392 9.281
0.00525603 22,456.91 59,357.68 -5.248 10.019 10.991
0.00740749 48,426.60 133,057.03 -4.905 10.788 11.799
0.01034094 62,802.08 174,831.53 -4.572 11.048 12.072
0.01097916 57,627.00 159,730.80 -4.512 10.962 11.981
0.01099118 29,275.75 78,422.59 -4.511 10.285 11.270
0.01504923 44,686.05 122,282.85 -4.196 10.707 11.714
0.01514346 57,523.86 159,430.51 -4.190 10.960 11.979
0.01518837 57,458.07 159,238.97 -4.187 10.959 11.978
0.03115510 15,704.60 40,768.29 -3.469 9.662 10.616
0.04884917 10,348.47 26,304.97 -3.019 9.245 10.178
0.09161977 17,363.25 45,302.80 -2.390 9.762 10.721
0.09853946 44,817.44 122,660.53 -2.317 10.710 11.717
0.13483362 41,140.73 112,112.87 -2.004 10.625 11.627
0.13594593 10,484.70 26,668.84 -1.995 9.258 10.191

N = 38
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Table C-1-3. 1980 Refinery Data (Con't.)

--------------------- Equipment Type=VALVE SERVICE=LL_TPS -----cececrcecaceccns

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00000225 4,59 7.91 -13.007 1.525 2.068
0.00001410 44.59 86.11 -11.170 3.797 4.456
0.00005956 62.56 122.91 -9.729 4.136 43811
0.00008638 156.77 322.62 -9.357 5.055 5.776
0.00012792 21.47 39.97 -8.964 3.067 3.688
0.00012930 209.02 436.41 -8.953 5.342 6.079
0.00013197 305.66 650.53 -8.933 5.722 6.478
0.00018238 620.52 1,368.68 -8.609 6.431 7.222
0.00018238 620.52 1,368.68 -8.609 6.431 7.222
0.00018799 22.13 41.25 -8.579 3.097 3.720
0.00019149 84.34 168.23 -8.561 4.435 5.125
0.00026364 64.62 127.17 -8.241 4.169 4.846
0.00027025 976.13 2,202.77 -8.216 6.884 7.697
0.00027125 5,330.54 13,104.08 -8.212 8.581 9.481
0.00039603 484.14 1,054.57 -7.834 6.182 6.961
0.00056453 1,162.25 2,645.96 -7.480 7.058 7.881
0.00060409 9,829.56 24,921.22 -7.412 9.193 10.123
0.00075854 8,440.85 21,236.66 -7.184 9.041 9.963
0.00082319 10.05 18.01 -7.102 2.308 2.891
0.00083585 984.52 2,222.66 -7.087 6.892 7.706
0.00085249 3,206.69 7,683.59 -7.067 8.073 8.947
0.00113007 1,153.61 2,625.30 -6.785 7.051 7.873
0.00118193 10.03 17.96 -6.741 2.305 2.888
0.00120220 3,324.54 7,980.47 -6.724 8.109 8.985
0.00123419 9,979.00 25,319.36 -6.697 9.208 10.139
0.00163290 4,540.59 11,072.23 -6.417 8.421 9.312
0.00168838 1,363.36 3,128.89 -6.384 7.218 8.048
0.00170950 1,796.41 4,180.46 -6.372 7.494 8.338
0.00179606 3,953.18 9,572.75 -6.322 8.282 9.167
0.00241099 5,398.93 13,280.75 -6.028 8.594 9.494
0.00241192 860.44 1,929.39 -6.027 6.757 7.565
0.00243467 3,361.20 8,072.96 -6.018 8.120 8.996
0.00247077 3,354.55 8,056.16 -6.003 8.118 8.994
0.00247366 8,515.22 21,433.26 -6.002 9.050 9.973
0.00248176 3,998.89 9,689.06 -5.999 8.294 9.179
0.00249558 8,515.54 21,434.09 -5.993 9.050 9.973
0.00255458 1,013.43 2,291.28 -5.970 6.921 7.737
0.00341580 39,058.18 106,159.28 -5.679 10.573 11.573
0.00348074 33,787.34 91,164.47 -5.661 10.428 11.420
0.00349794 54,274.02 149,982.99 -5.656 10.902 11.918
0.00353072 8,527.25 21,465.06 -5.646 9.051 9.974
0.00353574 30,014.01 80,501.23 -5.645 10.309 11.296
0.00355244 1,381.43 3,172.46 -5.640 7.231 8.062
0.00357339 1,381.46 3,172.54 -5.634 7.231 8.062
0.00357551 15,739.47 40,863.36 -5.634 9.664 10.618
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Table C-1-3. 1980 Refinery Data (Con't.)

--------------------- Equipment Type=VALVE SERVICE=LL_TPS -----cececrcececaccas

(continued)
Natural Natural Natural
Log of Log of TLV Log of OVA

Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv

0.00485006 8,625.65 21,725.33 -5.329 9.062 9.986
0.00491615 3,398.24 8,166.42 -5.315 8.131 9.008
0.00491615 3,398.24 8,166.42 -5.315 8.131 9.008
0.00493071 3,391.35 8,149.01 -5.312 8.129 9.006
0.00495259 1,383.25 3,176.85 -5.308 7.232 8.064
0.00516794 9,994.91 25,361.77 -5.265 9.210 10.141
0.00729950 8,551.85 21,530.11 -4.920 9.054 9.977
0.00736431 8,534.69 21,484.75 -4.911 9.052 9.975
0.00739766 1,176.57 2,680.21 -4.907 7.070 7.894
0.00755167 86,029.82 243,324.55 -4.886 11.362 12.402
0.00758374 2,932.48 6,994.95 -4.882 7.984 8.853
0.00758440 24,845.17 66,005.77 -4.882 10.120 11.097
0.00759940 13,655.17 35,199.01 -4.880 9.522 10.469
0.00772423 5,502.03 13,547.27 -4.863 8.613 9.514
0.01046618 86,317.33 244,178.82 -4.560 11.366 12.406
0.01047971 73,754.07 206,991.10 -4.558 11.208 12.240
0.01060438 8,547.05 21,517.41 -4.546 9.053 9.977
0.01066692 8,547.24 21,517.93 -4.541 9.053 9.977
0.01079315 8,547.64 21,518.97 -4.529 9.053 9.977
0.01127245 6,475.35 16,075.28 -4.485 8.776 9.685
0.01166120 5,355.65 13,168.93 -4.451 8.586 9.486
0.01474084 8,540.75 21,500.76 -4.217 9.053 9.976
0.01570609 29,161.44 78,100.99 -4.154 10.281 11.266
0.01605400 24,817.50 65,928.55 -4.132 10.119 11.096
0.02334577 7,507.70 18,777.67 -3.757 8.924 9.840
0.02368390 5,459.20 13,436.52 -3.743 8.605 9.506
0.02368390 5,459.20 13,436.52 -3.743 8.605 9.506
0.03207526 21,746.78 57,387.63 -3.440 9.987 10.958
0.04684899 47,238.27 129,629.48 -3.061 10.763 11.772
0.06870371 62,845.47 174,958.43 -2.678 11.048 12.072
0.10218383 62,944.53 175,248.12 -2.281 11.050 12.074
0.13512360 62,501.44 173,952.50 -2.002 11.043 12.067

N =77
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Table C-1-3. 1980 Refinery Data (Con't.)

---------------------- Equipment Type=V_CS SERVICE=HYDRO «-<-cscnememcmccccns

Natural Natural Natural

Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.00000026 499.50 1,089.76 -15.164 6.214 6.994
0.00001464 33,440.21 90,180.89 -11.132 10.418 11.410
0.00002100 354.70 760.60 -10.771 5.871 6.634
0.00002104 1,197.44 2,730.17 -10.769 7.088 7.912
0.00002118 1,974.09 4,615.83 -10.762 7.588 8.437
0.00002933 33,494.85 90,335.66 -10.437 10.419 11.411
0.00003021 7,191.76 17,948.51 -10.407 8.881 9.795
0.00004536 253.47 534.39 -10.001 5.535 6.281
0.00012180 28,416.27 76,005.97 -9.013 10.255 11.239
0.00012180 28,416.27 76,005.97 -9.013 10.255 11.239
0.00012252 28,416.66 76,007.07 -9.007 10.255 11.239
0.00018123 95,583.08 271,783.91 -8.616 11.468 12.513
0.00025613 95,116.75 270,391.26 -8.270 11.463 12.508
0.00026043 4,052.53 9,825.60 -8.253 8.307 9.193
0.00041109 141.22 289.09 -7.797 4.950 5.667
0.00054874 95,287.08 270,899.89 -7.508 11.465 12.510
0.00056055 3,638.51 8,773.98 -7.487 8.199 9.080
0.00110337 28,727.31 76,880.12 -6.809 10.266 11.250
0.00110661 28,727.51 76,880.68 -6.806 10.266 11.250
0.00111311 28,727.91 76,881.80 -6.801 10.266 11.250
0.00118994 1,204.72 2,747.61 -6.734 7.094 7.918
0.00170959 10,318.68 26,225.43 -6.371 9.242 10.174
0.00235967 8,602.88 21,665.09 -6.049 9.060 9.983
0.00509039 94,269.02 267,860.46 -5.280 11.454 12.498
0.00706640 95,751.81 272,287.91 -4.952 11.470 12.515
0.00710793 95,753.13 272,291.86 -4.947 11.470 12.515
0.00712880 95,753.80 272,293.84 -4.944 11.470 12.515
0.01037369 95,729.11 272,220.09 -4.568 11.469 12.514
0.01040414 95,729.77 272,222.06 -4.566 11.469 12.514
0.01046548 95,621.82 271,899.63 -4.560 11.468 12.513
0.01049601 95,731.75 272,227.99 -4.557 11.469 12.514
0.01559018 95,711.47 272,167.42 -4.161 11.469 12.514
0.02089894 95,777.39 272,364.32 -3.868 11.470 12.515
0.02102181 95,778.71 272,368.27 -3.862 11.470 12.515
0.02114537 95,780.04 272,372.22 -3.856 11.470 12.515
0.02120783 95,671.37 272,047.64 -3.853 11.469 12.514
0.02133247 95,672.91 272,052.24 -3.848 11.469 12.514
0.03262723 95,877.79 272,664.22 -3.423 11.471 12.516
0.03337807 10,367.31 26,355.28 -3.400 9.246 10.179
0.04530855 95,188.17 270,604.54 -3.094 11.464 12.508
0.04570873 95,190.15 270,610.43 -3.085 11.464 12.508
0.04584365 95,082.37 270,288.60 -3.083 11.462 12.507
0.06482435 29,370.14 78,688.21 -2.736 10.288 11.273
0.06483958 74,453.14 209,052.45 -2.736 11.218 12.250
0.06535400 95,270.18 270,849.44 -2.728 11.464 12.509

C-62



1980 Refinery Data (Con't.)

Table C-1-3.
---------------------- Equipment Type=V_CS SERVICE=HYDRO -------------m-nnnmmeee
(continued)
Natural Natural Natural
Log of Log of TLV Log of OVA
Measured Original TLV ~ OVA Adjusted Emission Screening Screening
Emission Screening Screening Rate Value Value
Rate(kg/hr)  Value (ppmv)  Value (ppmv) (kg/hr) (ppmv (ppmv
0.06612569 95,164.29 270,533.21 -2.716 11.463 12.508
0.06612569 95,164.29 270,533.21 -2.716 11.463 12.508
N = 47
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Table C-1-4.

REGRESSION STATISTICS FOR THE 1980 AND 1993 REFINERY DATA

Sum of
SHLEE Root Coefficient of | Scale Bias quared
. Mean . . Mean In Deviations
Facility | Sample | Intercept | Slope Simple Correctio .
a : Square N Screening from the
Type Size (bp) (bq) Determination n Factor
_ Error (R?) (SBCF) Value Mean In
Type Service (RMSE) Screening
Value
REF80 38 -12.07497 | 0.759 1.011 0.5333 1.6334 6.69239 72.8674
Connector All
REF93 28 -17.45599 | 1.007 1.851 0.7233 47774 7.04812 229.6503
Light REF80 128 -10.02998 | 0.676 1.726 0.3371 4.3133 8.36906 417.3760
Pump e
Liquid® | pepog 30 -10.07607 | 0.419| 1.579 0.3281 3.1882 6.71261 194.3916
REF80 38 -14.93176 | 0.960 1.751 0.4788 4.2109 9.15822 109.8584
Valve Gas
REF93 50 -13.94624 | 0.675 1.245 0.5725 2.1124 6.22836 218.6160
Light REF80 77 -11.46481 | 0.678 1.230 0.6145 2.0935 7.98760 393.2046
Valve oY
Liquid® | RreFo3 82 -14.17854 | 0.783 | 1.453 0.6340 2.7995 6.56265 476.8908

aFacility types are: REF80=1980 refinery data and REF93=1993 refinery data

bFor light liquid pumps, the 1980 refinery data include two-phase stream pumps, gas
compressors, gas pressure relief valves, and light liquid pumps.
CFor light liquid valves, the 1980 refinery data include two-phase stream valves and

light liquid valves.
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APPENDIX C: ATTACHMENT 2
This attachment lists the bagging data used to develop the
pegged emission rates for the combined 1993 petroleum industry
data in table C-2-1. Table C-2-2 lists summary statistics for
the 10,000 ppmv pegged emission rates and Table C-2-3 lists
summary statistics for the 100,000 ppmv pegged emission rates.
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TABLE C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES

Natural

Initial Final Log of

Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
————————— Equipment Type=COMPRESSOR SERVICE=G ----------
ONOFF 100000 100000 0.02448289939 -3.710
ONOFF 100000 100000 0.03493150685 -3.354

N =2
—————————— Equipment Type=COMPRESSOR SERVICE=LL -----------
ONOFF 100000 100000 0.00101197496 -6.896
N=1

——————————— Equipment Type=CONNECTOR SERVICE=G -----------
ONOFF 5000 10000 0.00001270072 -11.274
ONOFF 70000 70000 0.00009344099 -9.278
ONOFF 10000 10000 0.00015104781 -8.798
REF 100000 100000 0.00019804046 -8.527
ONOFF 100000 100000 0.00031933231 -8.049
MT 100000 100000 0.00035811031 -7.935
ONOFF 100000 100000 0.00045858659 -7.687
ONOFF 100000 100000 0.00081556745 -7.112
REF 11000 11000 0.00094198494 -6.968
REF 91000 91000 0.00125365146 -6.682
REF 100000 100000 0.00199886601 -6.215
REF 48000 40000 0.00220312075 -6.118
MT 100000 100000 0.00277519731 -5.887
ONOFF 10000 10000 0.00287262996 -5.853
ONOFF 10000 10000 0.00291935045 -5.836
ONOFF 100000 45000 0.00297922526 -5.816
ONOFF 100000 100000 0.00371632042 -5.595
ONOFF 10000 100000 0.00515513018 -5.268
ONOFF 10000 10000 0.00559920167 -5.185
ONOFF 100000 100000 0.00675269890 -4.998
ONOFF 100000 100000 0.00760364692 -4.879
ONOFF 100000 100000 0.00877029847 -4.736
ONOFF 100000 100000 0.01064229339 -4.543
ONOFF 100000 100000 0.01651047809 -4.104
REF 100000 100000 0.02005624603 -3.909
ONOFF 10000 10000 0.03374716502 -3.389
REF 100000 100000 0.03482899392 -3.357
REF 12500 29000 0.03548852400 -3.339
REF 55000 55000 0.05391454232 -2.920
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural

Initial Final Log of

Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 100000 0.06664383562 -2.708
ONOFF 100000 100000 0.10322462125 -2.271

N = 31
----------- Equipment Type=CONNECTOR SERVICE=HL -----------
REF 76650 21900 0.01362968339 -4.296
REF 1700 1200 0.03207475279 -3.440
N =2

——————————— Equipment Type=CONNECTOR SERVICE=LL -----------
ONOFF 100000 100000 0.00000408237 -12.409
ONOFF 10000 5000 0.00001859748 -10.892
REF 21060 17550 0.00001880613 -10.881
ONOFF 10000 10000 0.00002494784 -10.599
REF 16500 27500 0.00006329946 -9.668
ONOFF 10000 10000 0.00006441078 -9.650
ONOFF 100000 100000 0.00010977048 -9.117
ONOFF 10000 10000 0.00027215821 -8.209
ONOFF 100000 100000 0.00038328949 -7.867
ONOFF 100000 100000 0.00040143337 -7.820
REF 48000 100000 0.00062002177 -7.386
ONOFF 10000 10000 0.00063594303 -7.360
REF 90000 90000 0.00082713417 -7.098
ONOFF 100000 100000 0.00088768938 -7.027
ONOFF 10000 10000 0.00092760591 -6.983
REF 72000 80000 0.00117463485 -6.747
REF 117000 117000 0.00119817654 -6.727
ONOFF 4000 10000 0.00153451873 -6.480
ONOFF 10000 10000 0.00185475823 -6.290
ONOFF 100000 100000 0.00198267259 -6.223
ONOFF 10000 10000 0.00259548217 -5.954
REF 100000 100000 0.00275909462 -5.893
REF 47000 47000 0.00283806586 -5.865
REF 117000 117000 0.00303991654 -5.796
REF 49700 56000 0.00337970607 -5.690
ONOFF 10000 10000 0.00383470924 -5.564
ONOFF 5000 10000 0.00396035562 -5.531
ONOFF 100000 50000 0.00445613717 -5.413
ONOFF 100000 100000 0.00489748707 -5.319
ONOFF 100000 100000 0.00597387281 -5.120
REF 90000 90000 0.00711648372 -4.945
ONOFF 10000 10000 0.01034019777 -4.572
ONOFF 100000 100000 0.01055701715 -4.551
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 10000 10000 0.01699718770 -4.075
REF 20000 35000 0.02082463939 -3.872
ONOFF 100000 100000 0.02084550485 -3.871
ONOFF 100000 100000 0.02378708156 -3.739
REF 66000 66000 0.02872992833 -3.550
ONOFF 100000 100000 0.05975551120 -2.817
ONOFF 100000 100000 0.07526807584 -2.587
ONOFF 40000 50000 0.15713462760 -1.851
N = 41
----------- Equipment Type=DUMP LEVER ARM SERVICE=G -----------
ONOFF 100000 100000 0.39765218180 -0.922
N=1
----------- Equipment Type=FLANGE SERVICE=G -----------
ONOFF 10000 10000 0.00000544316 -12.121
REF 86000 86000 0.00007830899 -9.455
ONOFF 10000 8000 0.00030254922 -8.103
ONOFF 4000 10000 0.00045722580 -7.690
ONOFF 100000 100000 0.00241857933 -6.025
ONOFF 10000 9000 0.00292252563 -5.835
REF 86000 86000 0.00374639390 -5.587
ONOFF 100000 90000 0.00613217817 -5.094
ONOFF 100000 100000 0.01279370407 -4.359
ONOFF 100000 100000 0.01363467296 -4.295
ONOFF 100000 100000 0.01780277601 -4.028
ONOFF 100000 100000 0.01851673773 -3.989
REF 100000 100000 0.02487798240 -3.694
ONOFF 100000 100000 0.03357615894 -3.394
ONOFF 100000 20000 0.04434137712 -3.116
ONOFF 100000 100000 0.06712600925 -2.701
ONOFF 100000 100000 0.09028894130 -2.405
ONOFF 100000 100000 0.10636124467 -2.241
N = 18
——————————— Equipment Type=FLANGE SERVICE=LL -----------
ONOFF 100000 100000 0.00015603738 -8.765
REF 18000 22500 0.00095309807 -6.956
REF 30000 40000 0.00125641840 -6.679
REF 13200 9900 0.00344683843 -5.670
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 60000 0.02859657081 -3.554
ONOFF 100000 100000 0.17639481085 -1.735
N =6
----------- Equipment Type=INSTRUMENT SERVICE=G -----------
ONOFF 30000 30000 0.00028259095 -8.172
ONOFF 100000 100000 0.01809307811 -4.012
N =2
----------- Equipment Type=INSTRUMENT SERVICE=LL -----------
ONOFF 100000 100000 0.00345005897 -5.669
N =1
——————————— Equipment Type=LOADARM SERVICE=G -----------
MT 100000 100000 0.00021052799 -8.466
MT 400000 400000 0.04320148780 -3.142
MT 310000 310000 0.04397804590 -3.124
MT 7200 24000 0.04716501860 -3.054
N =4
----------- Equipment Type=OEL SERVICE=G -----------
ONOFF 100000 100000 0.00000272158 -12.814
ONOFF 3000 10000 0.00001360791 -11.205
ONOFF 200 10000 0.00001769028 -10.942
ONOFF 10000 10000 0.00001814388 -10.917
ONOFF 10000 10000 0.00003039100 -10.401
REF 13400 16750 0.00004146875 -10.091
ONOFF 20000 15000 0.00004853488 -9.933
ONOFF 10000 10000 0.00005080287 -9.888
ONOFF 3000 10000 0.00007983308 -9.436
ONOFF 10000 10000 0.00008935861 -9.323
ONOFF 10000 10000 0.00009026581 -9.313
REF 100000 100000 0.00013893677 -8.881
ONOFF 9000 10000 0.00014877982 -8.813
ONOFF 10000 100000 0.00020547945 -8.490
REF 6000 10000 0.00023758051 -8.345
ONOFF 12000 15000 0.00029257008 -8.137
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)
Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 100000 0.00046901932 -7.665
ONOFF 35000 20000 0.00057652182 -7.458
ONOFF 10000 10000 0.00059194412 -7.432
ONOFF 100000 100000 0.00072167287 -7.234
REF 50000 40000 0.00087367323 -7.043
ONOFF 100000 100000 0.00094847138 -6.961
ONOFF 100000 100000 0.00100244942 -6.905
ONOFF 10000 10000 0.00142610904 -6.553
ONOFF 10000 9000 0.00148326227 -6.514
ONOFF 70000 70000 0.00203392906 -6.198
ONOFF 15000 15000 0.00229792253 -6.076
REF 119000 119000 0.00267976050 -5.922
ONOFF 100000 100000 0.00350403701 -5.654
ONOFF 40000 100000 0.00398666425 -5.525
REF 89000 89000 0.00412528350 -5.491
ONOFF 100000 100000 0.00440850948 -5.424
ONOFF 100000 100000 0.00509843055 -5.279
ONOFF 10000 10000 0.00556200671 -5.192
REF 110000 110000 0.00582781457 -5.145
ONOFF 10000 10000 0.00610314796 -5.099
ONOFF 100000 100000 0.00673001905 -5.001
ONOFF 100000 100000 0.00783997097 -4.849
ONOFF 100000 80000 0.00808309897 -4.818
ONOFF 100000 100000 0.00899074662 -4.712
REF 140000 140000 0.01182844961 -4.437
ONOFF 100000 100000 0.01357071578 -4.300
REF 140000 140000 0.01958495872 -3.933
ONOFF 100000 100000 0.02699718770 -3.612
ONOFF 100000 100000 0.04810033566 -3.034
ONOFF 100000 100000 0.05125374218 -2.971
ONOFF 100000 100000 0.05756735916 -2.855
ONOFF 100000 100000 0.06938129366 -2.668
ONOFF 100000 100000 0.15146738637 -1.887
ONOFF 100000 100000 0.19622017600 -1.629
ONOFF 100000 100000 0.72652136442 -0.319
N = 51
----------- Equipment Type=OEL SERVICE=HL -----------
ONOFF 10000 8000 0.00003991654 -10.129
REF 15000 16000 0.00018571169 -8.591
ONOFF 10000 10000 0.00264628504 -5.935
REF 700 700 0.00467341014 -5.366
N =4
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)
Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
——————————— Equipment Type=OEL SERVICE=LL -----------
ONOFF 20000 100000 0.00003538057 -10.249
REF 13200 16500 0.00009666606 -9.244
ONOFF 20000 3000 0.00011385285 -9.081
ONOFF 30000 40000 0.00013063594 -8.943
ONOFF 2000 10000 0.00043000998 -7.752
ONOFF 10000 8000 0.00043499955 -7.740
REF 12000 13000 0.00056373038 -7.481
ONOFF 6000 20000 0.00085366960 -7.066
REF 100000 100000 0.00085947564 -7.059
REF 14000 12000 0.00092007620 -6.991
REF 95000 100000 0.00101356255 -6.894
ONOFF 10000 1000 0.00117753788 -6.744
ONOFF 40000 35000 0.00120112492 -6.724
MT 300000 300000 0.00217168647 -6.132
ONOFF 20000 20000 0.00219268802 -6.123
MT 136000 119000 0.00292179987 -5.836
ONOFF 50000 35000 0.00361471469 -5.623
ONOFF 100000 100000 0.00493286764 -5.312
ONOFF 80000 60000 0.00594257462 -5.126
ONOFF 100000 100000 0.00672366869 -5.002
ONOFF 50000 100000 0.00678853307 -4.993
ONOFF 100000 30000 0.00804363603 -4.823
ONOFF 100000 100000 0.00847319242 -4.771
REF 20000 33600 0.00883470924 -4.729
ONOFF 10000 10000 0.00924929692 -4.683
ONOFF 10000 10000 0.01178853307 -4.441
ONOFF 100000 100000 0.01185702622 -4.435
REF 73000 73000 0.01350811939 -4.304
ONOFF 100000 100000 0.01985711694 -3.919
ONOFF 100000 100000 0.02174907013 -3.828
REF 140000 140000 0.04261680123 -3.156
ONOFF 100000 100000 0.07331080468 -2.613
N = 32
——————————— Equipment Type=OTHER SERVICE=G -----------
MT 100000 100000 0.01708926789 -4.069
MT 100000 100000 0.01809353171 -4.012
N =2
——————————— Equipment Type=PRV SERVICE=G -----------
ONOFF 100000 100000 0.02052209018 -3.886
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 100000 0.36418670054 -1.010
N =2
——————————— Equipment Type=PUMP SERVICE=LL -----------
REF 35000 21000 0.00082055702 -7.106
REF 40500 27000 0.00086514560 -7.053
REF 109000 98100 0.00105651819 -6.853
REF 76500 90000 0.00106527261 -6.845
REF 21000 25000 0.00119445704 -6.730
MT 10000 12000 0.00176567178 -6.339
REF 56000 28000 0.00958087635 -4.648
REF 12000 16000 0.00968248208 -4.637
REF 18000 17400 0.03439081920 -3.370
REF 77000 47000 0.03876077293 -3.250
REF 100000 100000 0.16085911276 -1.827
REF 100000 100000 1.25088451420 0.224
N = 12
----------- Equipment Type=STUFFING BOX SERVICE=LL -----------
ONOFF 10000 500 0.00035698086 -7.938
ONOFF 10000 10000 0.00215186428 -6.141
N =2
----------- Equipment Type=VALVE SERVICE=G -----------
ONOFF 100000 100000 0.00000725755 -11.833
ONOFF 1000 10000 0.00001814388 -10.917
ONOFF 10000 10000 0.00002585503 -10.563
ONOFF 60000 10000 0.00002585503 -10.563
ONOFF 100000 100000 0.00002676222 -10.529
ONOFF 100000 100000 0.00004127733 -10.095
ONOFF 10000 10000 0.00005171006 -9.870
ONOFF 100000 100000 0.00005488524 -9.810
ONOFF 100000 3000 0.00008754423 -9.343
REF 20000 2000 0.00023997097 -8.335
ONOFF 100000 100000 0.00026399347 -8.240
ONOFF 10000 10000 0.00026852944 -8.223
ONOFF 15000 15000 0.00029257008 -8.137
ONOFF 100000 100000 0.00031706432 -8.056
REF 22500 22500 0.00035323415 -7.948
ONOFF 10000 10000 0.00038555747 -7.861
REF 18000 15000 0.00038567541 -7.861
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
REF 65700 65700 0.00060437268 -7.411
REF 100000 100000 0.00060967976 -7.403
ONOFF 10000 10000 0.00064002540 -7.354
ONOFF 100000 100000 0.00068946748 -7.280
ONOFF 100000 20000 0.00069717863 -7.268
REF 80000 48000 0.00085747981 -7.062
ONOFF 70000 70000 0.00090220448 -7.011
ONOFF 30000 10000 0.00094166742 -6.968
ONOFF 15000 15000 0.00094484260 -6.964
ONOFF 10000 10000 0.00095799692 -6.951
ONOFF 100000 100000 0.00104644834 -6.862
ONOFF 50000 40000 0.00109815840 -6.814
ONOFF 10000 10000 0.00121291844 -6.715
ONOFF 7500 10000 0.00122335117 -6.706
REF 100000 100000 0.00128871451 -6.654
ONOFF 100000 100000 0.00128957634 -6.653
ONOFF 100000 100000 0.00133085367 -6.622
REF 100000 100000 0.00160963440 -6.432
ONOFF 40000 40000 0.00171278236 -6.370
REF 109000 109000 0.00178594756 -6.328
ONOFF 10000 10000 0.00181348090 -6.313
ONOFF 10000 10000 0.00199129094 -6.219
REF 100000 100000 0.00205130182 -6.189
ONOFF 60000 100000 0.00206341286 -6.183
ONOFF 100000 100000 0.00208563912 -6.173
ONOFF 25000 40000 0.00233194230 -6.061
ONOFF 50000 40000 0.00269255194 -5.917
MT 300000 300000 0.00277487980 -5.887
ONOFF 100000 100000 0.00287081557 -5.853
REF 67000 100000 0.00287548762 -5.852
ONOFF 100000 100000 0.00300553388 -5.807
ONOFF 100000 100000 0.00333167014 -5.704
ONOFF 100000 100000 0.00336795791 -5.693
REF 77000 77000 0.00341059603 -5.681
REF 80000 80000 0.00349872993 -5.655
ONOFF 100000 100000 0.00377438084 -5.580
REF 58000 35000 0.00417118752 -5.480
REF 100000 100000 0.00479905652 -5.339
REF 100000 100000 0.00497732015 -5.303
ONOFF 100000 100000 0.00498639209 -5.301
REF 78000 78000 0.00514197587 -5.270
ONOFF 100000 100000 0.00520366506 -5.258
ONOFF 100000 100000 0.00543227796 -5.215
ONOFF 10000 10000 0.00546720494 -5.209
REF 100000 100000 0.00554839880 -5.194
ONOFF 100000 100000 0.00594393541 -5.125
ONOFF 10000 10000 0.00630545224 -5.066
ONOFF 100000 100000 0.00660664066 -5.020
REF 70000 63000 0.00672094711 -5.003
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 80000 100000 0.00687607729 -4.980
ONOFF 100000 100000 0.00845640933 -4.773
ONOFF 80000 100000 0.00850403701 -4.767
REF 100000 100000 0.00879071033 -4.734
REF 90000 90000 0.00915767033 -4.693
ONOFF 100000 100000 0.00999909281 -4.605
REF 100000 100000 0.01077791890 -4.530
ONOFF 100000 100000 0.01084051529 -4.524
ONOFF 10000 10000 0.01150231334 -4.465
ONOFF 100000 100000 0.01338700898 -4.313
REF 50000 100000 0.01343826544 -4.310
REF 16000 80000 0.01372947473 -4.288
ONOFF 100000 100000 0.01451056881 -4.233
ONOFF 50000 50000 0.01612628141 -4.127
ONOFF 30000 100000 0.01659711512 -4.099
ONOFF 100000 100000 0.01664837159 -4.095
REF 58000 58000 0.01690556110 -4.080
REF 120000 120000 0.01879887508 -3.974
ONOFF 100000 100000 0.01883380205 -3.972
ONOFF 100000 100000 0.02038374308 -3.893
ONOFF 100000 100000 0.02074389912 -3.876
ONOFF 100000 100000 0.02144924249 -3.842
ONOFF 100000 100000 0.02216048263 -3.809
ONOFF 100000 100000 0.02497323778 -3.690
REF 71400 71400 0.02521500499 -3.680
ONOFF 100000 100000 0.02522135535 -3.680
ONOFF 100000 100000 0.02819150866 -3.569
ONOFF 100000 100000 0.03083597932 -3.479
ONOFF 100000 100000 0.03347137803 -3.397
ONOFF 100000 100000 0.03378118480 -3.388
ONOFF 100000 100000 0.03389685204 -3.384
ONOFF 100000 100000 0.03527669418 -3.345
ONOFF 100000 100000 0.03595482174 -3.325
ONOFF 100000 100000 0.03649097342 -3.311
ONOFF 100000 100000 0.03771114941 -3.278
ONOFF 100000 100000 0.03832713417 -3.262
ONOFF 5000 10000 0.04127914361 -3.187
ONOFF 100000 100000 0.04416220630 -3.120
ONOFF 100000 100000 0.04438764402 -3.115
ONOFF 60000 70000 0.04505624603 -3.100
ONOFF 100000 100000 0.04937176812 -3.008
ONOFF 10000 10000 0.05139208927 -2.968
ONOFF 100000 100000 0.05296924612 -2.938
ONOFF 100000 100000 0.05525764311 -2.896
ONOFF 100000 100000 0.06018007802 -2.810
MT 90000 300000 0.06055973873 -2.804
ONOFF 10000 10000 0.06589585412 -2.720
ONOFF 10000 10000 0.06919123651 -2.671
ONOFF 10000 100000 0.06986891046 -2.661
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Natural

Initial Final Log of

Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 100000 0.07176086365 -2.634
REF 100000 100000 0.07735190057 -2.559
ONOFF 100000 100000 0.08639118207 -2.449
ONOFF 10000 10000 0.08908826998 -2.418
ONOFF 100000 100000 0.09582463939 -2.345
ONOFF 100000 100000 0.15789757779 -1.846
ONOFF 100000 100000 0.18449242493 -1.690
ONOFF 100000 100000 0.18958677311 -1.663
ONOFF 100000 100000 0.19712873084 -1.624
ONOFF 100000 100000 0.21433094439 -1.540
ONOFF 100000 100000 0.22602739726 -1.487
ONOFF 100000 100000 0.27724439808 -1.283
ONOFF 10000 10000 0.28369636215 -1.260
ONOFF 100000 100000 0.28827360973 -1.244
ONOFF 100000 100000 0.38205751610 -0.962
ONOFF 100000 100000 0.44049986392 -0.820
ONOFF 100000 100000 0.81931597569 -0.199
ONOFF 100000 100000 1.13625011340 0.128

N = 133
----------- Equipment Type=VALVE SERVICE=HL -----------
REF 10000 16000 0.00043354350 -7.744
REF 11000 12000 0.00223700445 -6.103
N =2

——————————— Equipment Type=VALVE SERVICE=LL -----------
ONOFF 10000 10000 0.00002404064 -10.636
ONOFF 10000 10000 0.00002449424 -10.617
ONOFF 100000 100000 0.00003447337 -10.275
REF 80000 32000 0.00009142702 -9.300
ONOFF 15000 20000 0.00010342012 -9.177
REF 16000 32000 0.00013744443 -8.892
ONOFF 10000 4000 0.00018279960 -8.607
MT 19800 22000 0.00023388370 -8.361
REF 13500 10800 0.00025930781 -8.257
REF 42000 28000 0.00035377846 -7.947
MT 17600 26400 0.00043848771 -7.732
REF 49500 36000 0.00044372675 -7.720
REF 70000 35000 0.00045913091 -7.686
REF 18000 22500 0.00046035562 -7.684
ONOFF 10000 10000 0.00050122471 -7.598
ONOFF 20000 20000 0.00052617255 -7.550
ONOFF 10000 10000 0.00056563549 -7.478
REF 2000 10000 0.00056713236 -7.475
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BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES
(CONTINUED)

Table C-2-1.

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
REF 10000 24000 0.00059525538 -7.427
REF 24000 24000 0.00060782001 -7.406
ONOFF 100000 60000 0.00065091173 -7.337
ONOFF 30000 4000 0.00068220992 -7.290
ONOFF 20000 20000 0.00070443618 -7.258
ONOFF 10000 10000 0.00070488978 -7.257
ONOFF 70000 40000 0.00075932142 -7.183
REF 50000 30000 0.00095572893 -6.953
ONOFF 60000 50000 0.00102558287 -6.882
REF 11000 11000 0.00113353896 -6.782
REF 80000 80000 0.00134786356 -6.609
ONOFF 80000 100000 0.00135625510 -6.603
MT 10000 11984 0.00142805951 -6.551
REF 25000 18000 0.00153742175 -6.478
ONOFF 10000 10000 0.00168647374 -6.385
ONOFF 350 10000 0.00185929420 -6.288
ONOFF 20000 15000 0.00211829810 -6.157
ONOFF 40000 70000 0.00223351175 -6.104
ONOFF 10000 10000 0.00225936678 -6.093
ONOFF 10000 10000 0.00226753152 -6.089
ONOFF 100000 100000 0.00230064411 -6.075
ONOFF 50000 35000 0.00247028939 -6.003
REF 58000 58000 0.00307012610 -5.786
ONOFF 10000 9000 0.00325773383 -5.727
REF 70000 70000 0.00345051256 -5.669
ONOFF 9000 10000 0.00417490701 -5.479
ONOFF 90000 100000 0.00426290484 -5.458
ONOFF 100000 100000 0.00436587136 -5.434
ONOFF 10000 10000 0.00454277420 -5.394
ONOFF 100000 100000 0.00488886873 -5.321
REF 5000 40000 0.00500408237 -5.298
REF 70000 70000 0.00507983308 -5.282
ONOFF 100000 100000 0.00518234600 -5.262
ONOFF 100000 100000 0.00592896671 -5.128
ONOFF 10000 10000 0.00596117209 -5.122
REF 24500 27300 0.00601378935 -5.114
ONOFF 100000 100000 0.00647010796 -5.041
REF 131400 146000 0.00666334029 -5.011
REF 30000 70000 0.00844506940 -4.774
REF 55000 100000 0.00920847319 -4.688
ONOFF 100000 100000 0.01027941577 -4.578
ONOFF 100000 100000 0.01037285675 -4.569
ONOFF 10000 10000 0.01041458768 -4.565
ONOFF 10000 10000 0.01133221446 -4.480
ONOFF 10000 10000 0.01256146240 -4.377
REF 67000 67000 0.01319241586 -4.328
REF 140000 140000 0.01378798875 -4.284
ONOFF 10000 10000 0.01564138619 -4.158
REF 17000 34000 0.01730744806 -4.057
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Table C-2-1. BAGGING DATA USED TO DEVELOP PEGGED EMISSION RATES

(CONTINUED)

Natural
Initial Final Log of
Screening Screening Measured Emission
Plant Value Value Emission Rate
Type (ppmv) (ppmv) Rate(kg/hr) (kg/hr)
ONOFF 100000 100000 0.01835979316 -3.998
REF 100000 100000 0.01882427651 -3.973
ONOFF 45000 45000 0.01897986029 -3.964
REF 76000 69850 0.02037603193 -3.893
REF 100000 100000 0.02065272612 -3.880
ONOFF 10000 10000 0.02356890139 -3.748
REF 87500 87500 0.02427696634 -3.718
REF 100000 100000 0.02519096435 -3.681
REF 39000 39000 0.02586999909 -3.655
ONOFF 100000 100000 0.02691508664 -3.615
REF 70000 70000 0.03012791436 -3.502
ONOFF 10000 10000 0.03019504672 -3.500
ONOFF 10000 10000 0.03919486528 -3.239
ONOFF 10000 10000 0.08274879797 -2.492
ONOFF 100000 100000 0.08523224168 -2.462
ONOFF 10000 10000 0.08567948834 -2.457
ONOFF 100000 100000 0.08933548036 -2.415
ONOFF 100000 100000 0.09434591309 -2.361
ONOFF 100000 100000 0.10369500136 -2.266
REF 70000 70000 0.18793885512 -1.672
ONOFF 100000 100000 0.38088768938 -0.965
N = 88
----------- Equipment Type=VENT SERVICE=G -----------
ONOFF 100000 100000 0.00012972875 -8.950
ONOFF 100000 100000 0.00851719133 -4.766
ONOFF 100000 100000 0.00923206024 -4.685
ONOFF 100000 100000 0.02947428105 -3.524
N =4
——————————— Equipment Type=VENT SERVICE=LL -----------
ONOFF 100000 100000 0.00005443164 -9.819
ONOFF 100000 100000 0.00027714778 -8.191
ONOFF 10000 10000 0.00117844507 -6.744
ONOFF 10000 10000 0.00200762043 -6.211
N =4
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TABLE C-2-2.

TERMINAL, AND OIL AND GAS PRODUCTION OPERATIONS DATA

PEGGED VOC MASS EMISSION RATES AND 95 PERCENT CONFIDENCE INTERVALS FOR
READINGS PEGGED AT 10,000 PPMV DEVELOPED FROM THE COMBINED 1993 REFINERY, MARKETING

Normal Statistic® Upper
(Probability of a LEEL 95 Percent
Larger Normal JEET . =B B el Confidence
. Statistic) Natural Scale Bias Confidence Pegged
Equipment . : e Bound for
. Sample Size Log Mass Correction Bound for Emission
Type/Service Emissi F P d R ka/h Pegged
Mass In Mass mission actor egge ate (kg/hr) Emission
Emission | Emission Rate Emission Rate
Rate (kg/hr)
Rate Rate (kg/hr)
Connector/All 74 0.5569 0.9631
(0.0000) | (0.0945) -6.067 12.24 0.01668 0.02836 0.04821
Flange/All 24 0.6790 0.9424
(0.0000) | (0.1899) -5.312 17.25 0.02877 0.08504 0.25141
Open-Ended 87 0.2597 0.9819
Line/All (0.0000) | (0.6620) -6.374 17.78 0.01797 0.03031 0.05110
Pump/All 12 0.3985 0.8640
(0.0000) | (0.0519) -4.869 9.63 0.01609 0.07395 0.33989
Valve/All 223 0.3740 0.9774
(0.000) (0.1524) -5.301 12.84 0.04741 0.06403 0.08648
OtheP/All 25 0.4359 | 0.9506
(0.0000) | (0.2710) -5.219 13.46 0.02665 0.07285 0.19914

dThe Normal Statistic IS generated by default from SAS--by default the Shapiro-Wilk
statistic is calculated for sample sizes less than 2,000. Probabilities greater than
0.05 indicate a normal distribution.

The "other" equipment type was developed from instruments, loading arms, pressure
relief valves, stuffing boxes, vents, compressors, and dump lever arms. This "other"
equipment type should be applied to any equipment other than connectors, flanges,
open-ended lines, pumps, or valves.
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TABLE C-2-3.
TERMINAL, AND OIL AND GAS PRODUCTION OPERATIONS DATA

PEGGED VOC MASS EMISSION RATES AND 95 PERCENT CONFIDENCE INTERVALS FOR
READINGS PEGGED AT 100,000 PPMV DEVELOPED FROM THE COMBINED 1993 REFINERY, MARKETING

Normal Statistic® Lower Upper
(Probability of a Larger Mean 95 Percent 95 Percent
3 Normal Statistic) Natural Scale Bias Confidence Pegged Confidence
TEq:'ggrev?ée S;rir;gle Log Mass | Correction Bound for Emission Bound for
yp Mass In Mass Emission Factor Pegged Rate (kg/hr) Pegged
Emission Emission Rate Emission Rate Emission
Rate Rate (kg/hr) Rate (kg/hr)
Connector/All 33 0.6405 0.9579
(0.0000) (0.2747) -5.739 9.25 0.01359 0.02974 0.06509
Flange/All 12 0.8101 0.8653
(0.0106) (0.0539) -3.969 4.47 0.02515 0.08439 0.28317
Open-Ended Line/All 36 0.3759 0.9444
(0.0000) (0.0918) -4.893 10.55 0.03672 0.07911 0.17046
Pump/AlP - - - - 0.16000 -
Valve/All 99 0.4680 0.9519
(0.0000) (0.0042) -4.388 11.30 0.08984 0.14043 0.21952
Other/AlIC 19 0.4759 0.9140
(0.0000) (0.0900) -4.853 14.61 0.03374 0.11406 0.38554

dThe Normal Statistic IS generated by default from SAS--by default the Shapiro-Wilk
statistic is calculated for sample sizes less than 2,000. Probabilities greater than
0.05 indicate a normal distribution.

bOnIy 2 data points were available for the pump emission factor; therefore the ratio of
the pump/overall 10,000 ppmv emission factor was multiplied by the overall 100,000
ppmv emission factor to approximate the pump 100,000 ppmv emission factor

CThe "other" equipment type was developed from instruments, loading arms, pressure
relief valves, stuffing boxes, vents, compressors, and dump lever arms. This "other"
equipment type should be applied to any equipment other than connectors, flanges,
open-ended lines, pumps, or valves.




APPENDIX C: ATTACHEMENT 3
This attachment lists the bagging data used to develop the default
zero emission rates for the combined 1993 petroleum industry data in
table C-3-1. Table C-3-2 lists summary statistics for the default zero
emission rates.
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TABLE C-3-1.

BAGGING DATA USED TO DEVELOP DEFAULT ZERO EMISSION RATES

Natural
Log of
Measured Emission
Plant Screening Emission Rate
Type Value (ppmv) Rate(kg/hr) (kg/hr)
----------- Equipment Type=CONNECTOR SERVICE=G -----------
REF 0.00 0.00000000476 -19.163
REF 0.00 0.00000000636 -18.873
REF 0.00 0.00000002555 -17.483
REF 0.00 0.00000023605 -15.259
REF 0.00 0.00000038635 -14.767
REF 0.00 0.00000362959 -12.526
N =26
----------- Equipment Type=CONNECTOR SERVICE=LL -----------
REF 0.00 0.00000000501 -19.112
REF 0.00 0.00000000544 -19.030
REF 0.00 0.00000000739 -18.723
REF 0.00 0.00000000763 -18.691
REF 0.00 0.00000000777 -18.673
MT 0.00 0.00000137993 -13.493
MT 0.00 0.00000177942 -13.239
MT 0.00 0.00000258886 -12.864
MT 0.00 0.00000332328 -12.615
REF 0.00 0.00000470743 -12.266
MT 0.00 0.00000863240 -11.660
MT 0.00 0.00001050395 -11.464
N = 12
——————————— Equipment Type=FLANGE SERVICE=G -----------
REF 0.00 0.00000000642 -18.863
REF 0.00 0.00000000709 -18.764
REF 0.00 0.00000007912 -16.352
REF 0.00 0.00000080155 -14.037
N =4
----------- Equipment Type=FLANGE SERVICE=LL -----------
REF 0.00 0.00000000958 -18.464
REF 0.00 0.00000019031 -15.475
REF 0.00 0.00000021919 -15.333
REF 0.00 0.00000021930 -15.333
REF 0.00 0.00000047102 -14.568
N =5
----------- Equipment Type=LOADARM SERVICE=LL -----------
MT 0.00 0.00005125646 -9.879
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TABLE C-3-1. BAGGING DATA USED TO DEVELOP DEFAULT ZERO EMISSION RATES
(CONTINUED)

Natural
Log of
Measured Emission
Plant Screening Emission Rate
Type Value (ppmv) Rate(kg/hr) (kg/hr)
N=1
----------- Equipment Type=OEL SERVICE=G -----------
REF 0.00 0.00000000693 -18.788
REF 0.00 0.00000140955 -13.472
MT 0.00 0.00000303602 -12.705
MT 0.00 0.00000334319 -12.609
N =4
——————————— Equipment Type=OEL SERVICE=HL -----------
REF 0.00 0.00000000575 -18.975
REF 0.00 0.00000000583 -18.960
REF 0.00 0.00000001096 -18.329
REF 0.00 0.00000009800 -16.138
N =4
----------- Equipment Type=OEL SERVICE=LL -----------
REF 0.00 0.00000000511 -19.093
REF 0.00 0.00000000540 -19.036
REF 0.00 0.00000076594 -14.082
MT 0.00 0.00000288878 -12.755
N =4
----------- Equipment Type=PRV SERVICE=G -----------
REF 0.00 0.00000000710 -18.763
REF 0.00 0.00000000807 -18.635
REF 0.00 0.00000001125 -18.303
N =3
——————————— Equipment Type=PUMP SERVICE=HL -----------
REF 0.00 0.00000002008 -17.723
REF 0.00 0.00000002256 -17.607
REF 0.00 0.00000002315 -17.581
REF 0.00 0.00000002586 -17.471
REF 0.00 0.00000089186 -13.930

N =25
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TABLE C-3-1. BAGGING DATA USED TO DEVELOP DEFAULT ZERO EMISSION RATES
(CONTINUED)

Natural
Log of
Measured Emission
Plant Screening Emission Rate
Type Value (ppmv) Rate(kg/hr) (kg/hr)
——————————— Equipment Type=PUMP SERVICE=LL -----------
REF 0.00 0.00000002503 -17.503
REF 0.00 0.00000002714 -17.422
REF 0.00 0.00000005485 -16.719
REF 0.00 0.00000006666 -16.524
REF 0.00 0.00000053647 -14.438
REF 0.00 0.00000186896 -13.190
MT 0.00 0.00000480541 -12.246
MT 0.00 0.00000775832 -11.767
MT 0.00 0.00000998821 -11.514
MT 0.00 0.00001319922 -11.235
MT 0.00 0.00001436632 -11.151
MT 0.00 0.00001653679 -11.010
REF 0.00 0.00002058968 -10.791
MT 0.00 0.00006269164 -9.677
N = 14
----------- Equipment Type=VALVE SERVICE=G -----------

REF 0.00 0.00000000775 -18.676
REF 0.00 0.00000000865 -18.565
REF 0.00 0.00000000940 -18.482
REF 0.00 0.00000000990 -18.431
REF 0.00 0.00000001019 -18.402
REF 0.00 0.00000001420 -18.070
REF 0.00 0.00000002762 -17.405
REF 0.00 0.00000003664 -17.122
REF 0.00 0.00000003966 -17.043
REF 0.00 0.00000004455 -16.927
REF 0.00 0.00000020591 -15.396
REF 0.00 0.00000032682 -14.934
REF 0.00 0.00000032845 -14.929
REF 0.00 0.00000061449 -14.302
REF 0.00 0.00000083416 -13.997
MT 0.00 0.00000125837 -13.586
MT 0.00 0.00000196249 -13.141
MT 0.00 0.00000201696 -13.114
MT 0.00 0.00000208210 -13.082
REF 0.00 0.00000218398 -13.034
MT 0.00 0.00000238633 -12.946
MT 0.00 0.00000798694 -11.738
REF 0.00 0.00000893314 -11.626
REF 0.00 0.00001171097 -11.355
REF 0.00 0.00001563050 -11.066

N =25
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TABLE C-3-1. BAGGING DATA USED TO DEVELOP DEFAULT ZERO EMISSION RATES
(CONTINUED)

Natural
Log of
Measured Emission
Plant Screening Emission Rate
Type Value (ppmv) Rate(kg/hr) (kg/hr)
——————————— Equipment Type=VALVE SERVICE=HL -----------
REF 0.00 0.00000000660 -18.836
REF 0.00 0.00000000665 -18.828
REF 0.00 0.00000001034 -18.387
REF 0.00 0.00000001058 -18.364
REF 0.00 0.00000001345 -18.124
REF 0.00 0.00000001638 -17.927
REF 0.00 0.00000004990 -16.813
REF 0.00 0.00000005393 -16.736
REF 0.00 0.00000005530 -16.710
REF 0.00 0.00000240865 -12.936
REF 0.00 0.00001479770 -11.121
REF 0.00 0.00002881475 -10.455
REF 0.00 0.00003605008 -10.231
N = 13
----------- Equipment Type=VALVE SERVICE=LL -----------

REF 0.00 0.00000000467 -19.182
REF 0.00 0.00000000637 -18.871
REF 0.00 0.00000000664 -18.830
REF 0.00 0.00000000691 -18.791
REF 0.00 0.00000000834 -18.602
REF 0.00 0.00000000976 -18.445
REF 0.00 0.00000000997 -18.423
REF 0.00 0.00000001104 -18.322
REF 0.00 0.00000001198 -18.240
REF 0.00 0.00000002004 -17.725
REF 0.00 0.00000002139 -17.660
REF 0.00 0.00000002191 -17.636
REF 0.00 0.00000002793 -17.394
REF 0.00 0.00000005696 -16.681
REF 0.00 0.00000007503 -16.405
REF 0.00 0.00000048449 -14.540
REF 0.00 0.00000053602 -14.439
MT 0.00 0.00000103293 -13.783
MT 0.00 0.00000112977 -13.693
REF 0.00 0.00000192842 -13.159
MT 0.00 0.00000195101 -13.147
MT 0.00 0.00000195727 -13.144
MT 0.00 0.00000220253 -13.026
REF 0.00 0.00000233299 -12.968
REF 0.00 0.00000234795 -12.962
REF 0.00 0.00000312302 -12.677
REF 0.00 0.00000683117 -11.894
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TABLE C-3-1. BAGGING DATA USED TO DEVELOP DEFAULT ZERO EMISSION RATES
(CONTINUED)

Natural
Log of

Measured Emission
Plant Screening Emission Rate
Type Value (ppmv) Rate(kg/hr) (kg/hr)
REF 0.00 0.00000696181 -11.875
REF 0.00 0.00000698812 -11.871
REF 0.00 0.00001664883 -11.003

N = 30
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TABLE C-3-2.

DEFAULT ZERO VOC MASS EMISSION RATES AND 95 PERCENT CONFIDENCE INTERVALS

DEVELOPED FROM THE COMBINED 1993 REFINERY AND MARKETING TERMINAL2 DATA

Normal StatisticP

o Lower Upper
(Erobab;l:ty Of? Mean In 95 Percent 95 Percent
Equioment Sample arg(;,\rt' ?rma Mass Scale Bias Confidence Default Zero Confidence
T qe/%ervice Sizg atistic) Emission Correction Bound for Emission Bound for
yp Mass In Mass Rate Factor Default Zero Rate (kg/hr) Default Zero
Emission | Emission Emission Emission
Rate Rate Rate (kg/hr) Rate (kg/hr)
Connector/All 18 0.7177 0.8302
(0.0001) (0.0034) -15.550 42.72 1.64E-06 7.54E-06 3.47E-05
Flange/All 9 0.8137 0.8687
(0.0296) | (0.1173) -16.354 3.94 7.39E-08 3.11E-07 1.31E-06
Open-Ended Line/All 12 0.7232 0.7909
(0.0009) | (0.0061) -16.245 22.70 3.19E-07 2.00E-06 1.25E-05
Pump/All 19 0.5942 0.8532
(0.0000) (0.0065) -14.184 34.97 5.81E-06 2.42E-05 1.01E-04
Valve/All 68 0.5178 0.8764
(0.0000) | (0.0000) -15.415 38.38 3.95E-06 7.75E-06 1.52E-05
OtheF/All 4 0.6297 0.6691
(0.0000) | (0.0045) -16.395 52.16 3.91E-09 3.95E-06 4.00E-03

dNo default zero data were collected from oil and gas production facilities

bThe Normal Statistic is generated by default from SAS--by default the Shapiro-Wilk
statistic is calculated for sample sizes less than 2,000.

0.05 indicate a normal distribution.
©The "other" equipment type were developed from instruments, loading arms, pressure

relief valves, stuffing boxes, vents, compressors, and dump lever arms.

Probabilities greater than

This "other"

equipment type should be applied to any equipment other than connectors, flanges,
open-ended lines, pumps, or valves.




APPENDIX C: ATTACHMENT 4

Because it would be impractical to list all of the screening
data used to develop emission factors, this attachment summarizes
the 1993 marketing terminal and oil and gas production operations
screening data sets. Figures C-4-1 through C-4-4 are plots of
the distribution of screening values for marketing terminals and
figures C-5-5 through C-5-10 are plots of the distribution of
screening valves for oil and gas production operations.
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Distribution of Screening Values
Marketing Terminals — Connectors
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Figure C-4-1. Distribution of Connector Screening Values for
Marketing Terminals
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Distribution of Screening Values
Marketing Terminals — Other
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Figure C-4-2. Distribution of Other Screening Values for
Marketing Terminals
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Distribution of Screening Values
Marketing Terminals — Pumps
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Figure C-4-3. Distribution of Pump Screening Values for
Marketing Terminals
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Figure C-4-4.
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Distribution of Screening Values
Marketing Terminals — Valves
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Distribution of Valve Screening Values for
Marketing Terminals
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Distribution of Screening Values
Oil ang Gas Operations — Connectors
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Figure C-4-5. Distribution of Connector Screening Values for Oll
and Gas Operations
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Distribution of Screening Values
Oil ang Gas Operations — Flanges
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Figure C-4-6. Distribution of Flange Screening Values for Oill
and Gas Operations
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Figure C-4-7.
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Distribution of Screening Values
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Distribution of Screening Values
Oil ang Gas Operations — Pumps
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Figure C-4-8. Distribution of Pump Screening Values for Oil and
Gas Operations
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Distribution of Screening Values
Oil ang Gas Operations — Valves
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Figure C-4-9. Distribution of Valve Screening Values for Oil and
Gas Operations
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Distribution of Screening Values
Oil ang Gas Operations — Other
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Figure C-4-10. Distribution of Other Screening Values for Oil and
Gas Operations
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APPENDIX D
RESPONSE FACTORS

The response factors presented in table D-1 were taken from
two separate sources. The response factors at an actual
concentration of 10,000 ppmv are from the EPA document entitled,
"Response Factors of VOC Analyzers Calibrated with Methane for
Selected Organic Chemicals,” EPA-600/2-81-002 (September 1980).
The document presents results of analytical tests performed to
determine the response factors at 10,000 ppmv of two portable
monitoring instruments--the Foxboro OVA-108 and the Bacharach
TLV-108. Both instruments were calibrated with methane.

The response factors at a concentration of 500 ppmv are from
the document entitled "Method 21 Evaluation for the HON,
"90-ME-07)" (March 1991) prepared for the Emission Measurement
Branch of the U.S. Environmental Protection Agency. This
document presents the results of analytical tests performed to
determine the response factors at an actual concentration of
500 ppmv of several emission monitors including the Foxboro
OVA-108, two of Foxboro OVA-128 units, the Heath Detecto-PAK llI,
and the HNU Systems HW-101. The two Foxboro OVA-128 instrument
response factors are presented in the table to indicate the
variability of individual instruments. To determine the response
factor for the OVA-128, the average of the two instrument
response factors should be used. All of the instruments except
the HNU HW-101 were calibrated with methane. The HNU HW-101 was
calibrated with benzene.

A dashed line in table D-1 indicates that the study did not
test that particular chemical. If the emission monitor did not
respond to a chemical, N/R was recorded to indicate no response.

Operators of portable leak detection devices should be
thoroughly familiar with their instrumentation. Even under the
best of circumstances, no two analyzers will perform exactly the
same and the effect of changes in instrument parameters upon
accuracy can be significant. Other external quality controls,
such as a checklist for periodically noting battery condition,
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fuel pressure, post-survey calibration checks, etc., will support
the validity of the data. An audit program testing both the
operator and the analyzer should be a requirement whenever a
situation warranting an exacting determination of a fugitive
emission is encountered.

In general, the response factors follow the pattern which
would be predicted for increasing flame ionization detector
response with increasing hydrocarbon character for the molecule.
The sequence of compounds methyl chloride, methylene chloride,
chloroform, and carbon tetrachloride exhibits progressively
decreasing response on the OVA detectors (response factors
ranging from 2 to 12) as the substitution on the methyl carbon
atom increases (i.e., decreasing hydrocarbon character for the
molecule). In general, increasing electronegativity of the
substituent decreases the system response: methyl chloride,
response factor approximately 2; methyl bromide, response factor
approximately 5; iodomethane, response factor approximately 8.
Carbon tetrachloride exhibits a response factor of 12 or more,
but tetrachloroethylene has a response factor of 2 or less. The
lack of carbon-hydrogen bonds in tetrachloroethylene is
apparently compensated by the presence of a site of unsaturation
in the molecule (chlorobenzene, response factor 0.60 vs.
trichlorobenzene, response factor of 12 or greater). The
difficulty of obtaining a reproducible and useful response factor
for compounds of insufficient volatility such as nitrobenzene,
m-cresol, and oxygenated compounds such as acrylic acid
demonstrates that there is a point dictated by vapor pressure or
possibly boiling point where an accurate measurement cannot be
made using the portable field analyzers. With compounds which
are not very volatile, the portable field analyzers can be
usedonly qualitatively, at best; if a large amount of the
compound is present in the air, the compound will be observed but
not with a proportionate quantitative response.

D-2



TABLE D-1. RESPONSE FACTORS AT ACTUAL CONCENTRATIONS OF 10,000 PPMV AND 500 PPMV

e-d

Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108& TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP 1l & HW - 101P
75-07-0 Acetaldehyde LL - - 8.41 9.96 7.95 5.36 6.07
64-19-7 Acetic Acid LL 1.83 5.70 - - - - -
108-24-7 Acetic anhydride LL 1.36 2.89 -- -- -- -- --
67-64-1 Acetone LL 0.79 1.22 - - - - -
75-86-5 Acetone cyanohydrin HL 3.42 7.84 - - - - -
75-05-08 Acetonitrile LL 0.94 117 1.20 1.24 1.27 1.27 N/R
98-86-2 Acetophenone HL 10.98 54.86 271 2.62 2.43 2.92 3.07
75-36-5 Acetyl chloride LL 1.99 2.59 -- -- -- - -
74-86-2 Acetylene G 0.37 11.95 - - - - -
107-02-8 Acrolein LL - - 6.25 6.69 5.64 371 273
79-10-7 Acrylic acid LL 4.65 36.95 1051 © 10.81 © 9.63 € 8.61 € 8.91 €
107-13-1 Acrylonitrile LL 0.96 2.70 1.55 1.58 1.56 1.47 3.04
Allene G 0.55 5.78 - - - - -
107-18-6 Allyl alcohol LL 0.94 - - - - -
107-5-1 Allyl chloride LL - - 277 2.73 251 1.56 1.46
71-41-0c Amyl alcohol, N- HL 0.69 1.78 -- -- -- -- --
Amylene LL 0.31 1.03 -- -- -- -- --
62-53-3 Aniline HL - - 14.44 © 20.45 © 22.68 € 1471 ¢ 15.23 €
100-66-3 Anisole LL 0.92 2.69 - - - - -
100-52-7 Benzaldehyde HL 2.36 6.30 - - - - -




TABLE D-1. RESPONSE FACTORS AT ACTUAL CONCENTRATIONS OF 10,000 PPMV AND 500 PPMV (Cont.)

v-d

Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

71-43-2 Benzene LL 0.21 1.07 0.56 0.54 0.50 0.38 1.00
100-47-0 Benzonitrile HL 2.24 9.13 -- -- -- - -
98-88-4 Benzoyl Chloride HL 6.40 6.60 -- -- -- - -
100-44-7 Benzyl Chloride HL 4.20 4.87 1.43 1.42 1.21 0.95 1.34
10-86-0 Bromobenzene LL 0.36 1.16 - - - - -
75-25-2 Bromoform LL -- -- 5.90 6.71 5.68 5.12 0.62
106-99-0 Butadiene, 1,3- G 0.37 6.00 241 2.69 2.37 1.68 2.15
106-97-8 Butane, N- G 0.38 0.68 - - - - -
71-36-3 Butanol, N- LL 1.43 2.80 - - - - -
78-92-2 Butanol, Sec- LL 0.70 1.26 - - - - -
75-65-0 Butanol, Tert- S 0.44 2.19 - - - - -
106-98-9 Butene, 1- G 0.51 2.97 - - - - -
111-76-2 Butoxyethanol, 2- ¢ - - 19.37 © 26.11 © 2469 © 13.93 € 9.23 €
123-86-4 Butyl acetate LL 0.60 1.30 - - - - -
141-32-2 Butyl acrylate, N- LL 0.64 1.98 - - - - -
142-96-1 Butyl ether, N- LL 2.70 2.66 - - - - -

Butyl ether, Sec- LL 0.26 1.13 -- -- -- -- --
109-73-9 Butylamine, N- LL 0.63 1.91 - - - - -
13952-84-6 Butylamine, Sec- LL 0.67 1.50 - - - - -
75-64-9 Butylamine, Tert- LL 0.58 1.80 -- -- -- -- --
98-06-6 Butylbenzene, Tert- HL 1.27 6.42 -- -- -- -- --
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

123-72-8 Butyraldehyde, N- LL 1.39 1.89 - - - - -
107-92-6 Butyric acid HL 0.74 4.58 - - - - -
109-74-0 Butyronitrile LL 0.46 1.33 - - - - -
75-1-50 Carbon disulfide LL -- 2.96 33.87 53.06 N/R 57.06 0.71
56-23-5 Carbon tetrachloride LL - - 12.07 15.99 13.72 11.11 3.06
463-58-1 Carbonyl Sulfide G -- -- 103.95 N/R N/R N/R 3.14
107-20-0 Chloroacetaldehyde LL 13.40 5.07 -- -- -- -- --
79-04-9 Chloroacetyl chloride LL - - 1.86 1.93 1.66 1.28 3.21
108-90-7 Chlorobenzene LL 0.36 0.88 0.62 0.60 0.54 0.38 1.06
75-00-3 Chloroethane G 0.67 2.16 - - - - -
67-66-3 Chloroform L 4.48 8.77 2.06 2.38 1.91 1.38 3.35

Chloromethyl methyl -- -- 7.77 9.76 7.52 4.28 1.65

ether
25167-80-0 Chlorophenol, 0- HL 3.33 5.87 - - - - -

50% Chloroprene/xylene -- -- 1.46 1.47 1.27 0.77 1.37

Chloropropene, 1- LL 0.59 0.86 -- -- -- -- --

Chloropropene, 3- LL 0.75 1.24 -- -- -- -- --
108-41-8 Chlorotoluene, M- LL 0.43 0.92 - - - - -
95-49-9 Chlorotoluene, O- LL 0.45 1.05 -- -- -- - --
106-43-4 Chlorotoluene, P- LL 0.52 1.15 -- -- - - -
95-48-7 Cresol, O- S 0.95 3.98 - - - - -
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TABLE D-1. RESPONSE FACTORS AT ACTUAL CONCENTRATIONS OF 10,000 PPMV AND 500 PPMV (Cont.)
Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

108-39-4 Cresol, M- LL - - 75.60 © 115.20 © N/R N/R N/R
106-44-5 Cresol, P- S - - N/R N/R N/R N/R N/R
4170-30-0 Crotonaldehyde LL 1.32 8.54 -- -- -- -- --
98-82-8 Cumene LL 1.92 12.49 2.05 1.82 1.55 0.79 1.87
110-82-7 Cyclohexane LL 0.36 0.72 -- -- -- - -
108-93-0 Cyclohexanol HL 0.82 4.92 -- -- -- - -
108-94-1 Cyclohexanone LL 1.50 3.99 -- -- -- -- --
110-83-8 Cyclohexene LL 0.40 1.84 -- -- -- - -
108-91-8 Cyclohexylamine LL 0.47 1.38 -- -- -- - -
124-18-5 Decane HL 0.00 0.20 - - - - -
123-42-2 Diacetone alcohol HL 1.53 0.98 -- -- -- - -
431-03-8 Diacetyl LL 1.61 2.81 - - - - -

Dichloro-1-propene, LL 61.51 34.34 -- -- -- -- --
541-73-1 Dichlorobenzene, M- HL 0.66 1.89 - - - - -
95-50-1 Dichlorobenzene, O- HL 0.70 1.22 - - - - -
75-34-3 Dichloroethane, 1,1- LL 0.77 1.80 -- -- -- - --
107-06-2 Dichloroethane, 1,2- LL 0.95 2.08 - - - - -
540-59-0 Dichloroethylene, 2- LL 131 1.93 -- -- -- -- --
540-59-0 Dichloroethylene, LL 1.13 1.86 -- -- -- - -

TRANS, 1,2
111-44-4 Dichloroethyl ether - - 2212 € 25.10 € 24.48 © 16.88 © 8.79 €
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

Dichloromethane LL 2.26 3.63 - - - - -

Dichloropropane, 1,2- LL 1.03 1.80 -- -- -- -- --
542-75-6 Dichloropropene, 1,3- -- -- 2.03 2.08 1.93 1.23 1.18
25167-70-8 Diisobutylene LL 0.24 1.39 - - - - -

Dimethoxy ethane, 1,2- LL 1.28 1.43 -- -- -- -- --
68-12-2 Dimethylformamide, N,N- LL 3.89 2.95 6.42 6.38 7.20 7.09 5.73
57-14-7 Dimethylhydrazine, 1,1- LL 1.04 2.74 2.68 2.84 3.00 2.89 2.29
67-68-5 Dimethylsulfoxide HL 0.00 4.88 - - - - -
123-91-1 Dioxane, 1,4- LL 1.58 1.23 3.74 4.27 3.60 3.21 1.66
106-89-8 Epichlorohydrin LL 1.72 2.02 2.30 2.41 2.07 1.27 1.95
106-88-7 Epoxybutane, 1,2- - - 2.67 2.54 2.16 1.89 2.68
74-84-0 Ethane G 0.57 0.73 - - - - -
64-17-5 Ethanol LL 2.04 -- - - - - -
110-80-5 Ethoxy ethanol, 2- LL 1.68 1.61 3.55 4.09 3.50 2.02 1.70
141078-6 Ethyl acetate LL 0.84 3.13 - - - - -
141-97-9 Ethyl acetoacetate HL 3.02 3.13 -- -- -- -- --
140-88-5 Ethyl acrylate LL 0.72 -- 2.49 2.64 2.18 1.16 1.09
75-00-3 Ethyl chloride G -- -- 1.68 1.84 1.65 1.10 2.38
105-39-5 Ethyl chloroacetate LL 1.97 1.47 -- -- -- -- --
60-29-7 Ethyl Ether LL 0.97 1.11 - - - - -
100-41-4 Ethylbenzene LL 0.70 3.14 0.77 0.76 0.66 0.51 1.08
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TABLE D-1. RESPONSE FACTORS AT ACTUAL CONCENTRATIONS OF 10,000 PPMV AND 500 PPMV (Cont.)
Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

74-85-1 Ethylene G 0.52 4.49 - - - - -
106-93-4 Ethylene dibromide - - 2.03 2.22 2.03 1.36 0.98
107-06-2 Ethylene dichloride LL -- -- 1.37 1.59 1.41 1.19 1.42
107-21-1 Ethylene glycol ¢ - - 24.81 39.39 N/R 33.13 10.91
75-21-8 Ethylene oxide G 2.72 2.43 2.40 2.77 2.40 1.81 6.61
107-15-3 Ethylenediamine LL 1.78 2.46 -- -- -- - -
64-18-6 Formic Acid LL 34.87 33.21 - - - - -

Formalin (37% - - 18.83 31.39 27.66 16.50 4.04

formaldehyde/H  50)
556-52-5 Glycidol LL 8.42 5.23 - - - - -
142-82-5 Heptane LL 0.30 0.75 - - - - -
87-68-3 Hexachlorobutadiene ¢ - - 16.28 © 22,99 © 18.06 © 1456 © 19.34 ©
100-54-3 Hexane, N- LL 0.31 0.72 1.42 1.49 1.33 0.93 1.49
592-41-6 Hexene, 1- LL 0.39 2.92 - - - - -

Hydroxyacetone LL 8.70 9.34 -- -- -- -- --
74-88-4 lodomethane - - 8.06 8.76 7.35 4.59 0.72
75-28-5 Isobutane G 0.30 0.61 - - - - -
115-11-7 Isobutylene G 2.42 6.33 - - - - -
540-84-1 Isooctane LL -- -- 1.05 1.05 0.89 0.56 0.98
78-79-5 Isoprene LL 0.38 - -- - - - -
78-59-1 Isophorone ¢ - - 28.80 40.71 N/R 29.69 17.76
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

67-63-0 Isopropanol LL 0.90 1.35 - - - - -
108-21-4 Isopropyl acetate LL 0.68 1.25 - - - - -
75-29-6 Isopropy! chloride LL 0.62 0.99 -- -- -- -- --
590-86-3 Isovaleraldehyde LL 0.55 2.04 -- -- -- -- --
141-79-7 Mesityl oxide LL 1.12 3.12 - - - - -
78-85-3 Methacrolein LL 1.27 3.10 -- -- -- - --
79-41-4 Methacrylic acid HL 0.71 6.61 -- -- -- -- --
67-56-1 Methanol LL 5.69 1.88 13.24 17.34 N/R 21.73 4.59
111-90-0 Methoxy-ethanol, 2- LL 2.70 2.19 9.61 ¢ 9.87 ¢ N/R 791 ¢ 2.80 €
79-20-9 Methyl acetate LL 1.80 1.76 -- -- -- -- --
74-99-7 Methyl acetylene G 0.53 3.92 -- -- -- -- --
74-83-9 Methyl bromide G -- -- 3.71 3.83 3.46 2.43 1.47
74-87-3 Methyl chloride G 1.75 2.45 1.97 2.38 1.97 1.27 1.77
78-93-3 Methyl ethyl ketone LL 0.57 1.12 1.78 1.84 1.59 1.19 2.92
107-31-3 Methyl formate LL 3.47 1.93 -- -- -- - -
60-34-4 Methyl hydrazine LL -- -- 5.47 5.50 5.74 5.44 3.93
108-10-1 Methyl isobutyl ketone LL -- -- 1.65 1.69 1.40 0.98 1.46
80-62-6 Methyl methacrylate LL 0.99 2.36 2.02 2.16 1.81 0.92 1.84

Methyl tert-butyl - - 1.23 1.25 1.03 0.72 1.69

ketone
108-11-2 Methyl-2-pentanol, 4- LL 1.70 1.94 -- -- -- -- --
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

Methyl-2-pentanone, 4- LL 0.49 1.54 -- -- -- -- --

Methyl-3-butyn-2-OL, 2- LL 0.51 - - - - - -
109-87-5 Methylal LL 1.46 1.41 - - - - -
100-61-8 Methylaniline, N- HL 4.13 5.25 - - - - -
108-87-2 Methylcyclohexane LL 0.38 0.85 -- -- -- -- --

Methylcyclohexene, 1- LL 0.33 2.22 -- -- -- -- --
75-09-2 Methylene chloride LL 2.26 3.63 1.67 1.72 1.41 0.84 2.06
77-75-8 Methylpentynol LL 1.17 2.82 - - - - -
98-83-9 Methylstyrene, A- LL 10.24 31.46 - - - - -
110-91-8 Morpholine LL 0.92 1.93 -- -- -- -- --
98-95-3 Nitrobenzene HL 29.77 40.61 16.41 © 16.52 © N/R 26.01 © 19.98 ©
79-24-3 Nitroethane LL 1.40 2.54 -- -- -- - -
75-52-5 Nitromethane LL 3.32 5.25 - - - - -
24332-01-4 Nitropropane, 2- LL 1.06 1.77 1.86 1.91 1.60 1.06 3.29
111-84-2 Nonane-N LL 1.62 5.54 - - - - -
111-65-9 Octane LL 1.04 2.06 - - - - -

Phenol (90% carboxylic LL -- -- 16.38 44.89 47.01 N/R 71.06

acid)
109-66-0 Pentane LL 0.42 0.62 - - - - -
109-06-8 Picoline, 2- LL 0.34 1.17 - - - - -
74-98-6 Propane G 0.88 0.63 - - - - -
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

123-38-6 Propionaldehyde LL 1.19 1.65 4.01 4.27 3.95 2.53 4.79
79-09-4 Propionic acid LL 1.34 3.51 -- -- -- -- --
71-23-8 Propy! alcohol LL 0.91 1.55 -- -- -- -- --
103-65-1 Propylbenzene, N- LL 0.44 5.97 -- -- -- -- --
115-07-1 Propylene G 0.79 2.80 - - - - -
78-87-5 Propylene dichloride LL - - 1.49 1.48 1.26 0.84 1.37
75-56-0 Propylene oxide LL 0.80 1.15 2.02 2.14 1.78 1.26 3.09
75-55-8 Propyleneimine, 1,2- - - 1.75 1.52 1.53 1.33 2.31
110-86-1 Pyridine LL 0.41 1.17 - - - - -
100-42-5 Styrene LL 4.16 36.83 1.10 1.08 0.93 0.57 1.36
96-09-3 Styrene Oxide L -- -- 2.61 2.49 2.06 2.61 3.03
79-34-5C Tetrachloroethane, LL 3.00 6.52 -- -- -- - --

1,11,2-

Tetrachloroethane, LL 6.06 14.14 1.64 1.69 1.66 1.14 1.52

1,1,2,2-
127-18-4 Tetrachloroethylene LL 3.16 11.46 1.77 2.09 1.72 1.20 0.74
108-88-3 Toluene LL 0.33 2.32 0.87 0.87 0.76 0.57 1.25
120-82-1 Trichlorobenzene, 1,2,4 1.35 0.39 12.55 16.71 N/R 18.66 16.58
71-55-6 Trichloroethane, 1,1,1- LL 0.79 241 1.09 1.16 1.03 0.70 1.85
79-00-5 Trichloroethane, 1,1,2- LL 1.26 3.68 1.19 1.27 1.11 0.79 1.33
79-01-6 Trichloroethylene LL 0.94 3.35 2.26 2.60 2.14 1.25 1.09
96-18-4 Trichloropropane, LL 0.95 2.23 -- -- -- -- --
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Actual Concentration:
10,000 ppmV Actual Concentration: 500 ppmV
Volatility Foxboro Bacharach Foxboro Foxboro Foxboro Heath HNU
CAS No.# Compound Name Class OVA - 108% TLVR OVA - 1088  OVA - 1282 OVA - 1282 DP I & HW - 101P

121-44-8 Triethylamine LL 0.46 1.41 0.47 0.49 0.48 0.35 0.73
108-05-4 Vinyl acetate LL 1.31 3.99 3.63 3.36 2.80 1.48 2.07
593-60-2 Vinyl bromide G -- -- 2.14 2.41 2.33 1.68 1.37
75-01-4 Vinyl chloride G 0.65 1.10 2.03 2.11 2.11 1.76 2.18

Vinyl propionate LL 0.94 0.70 -- -- -- - -
75-35-4 Vinylidene chloride LL 1.15 2.38 2.73 2.97 2.61 1.79 1.70
106-42-3 Xylene, P- LL 2.27 5.35 0.89 0.88 0.74 0.54 0.93
108-38-3 Xylene, M- LL 0.30 3.56 0.89 0.89 0.75 0.54 0.96
95-47-6 Xylene, O- LL 0.36 1.40 0.95 0.95 0.80 0.60 1.09

= No response

Calibrated with methane in air.
Calibrated with benzene in air.
Volatility problem with compound.

o ooz
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APPENDIX E
SELECTION OF SAMPLE SIZE FOR SCREENING CONNECTORS

In estimating emissions for a given process unit, all
equipment components must be surveyed for each class of
components. The one exception to this "total component
screening" criterion is the category of connectors. Note
however, that if the process unit is subject to a standard which
requires the screening of connectors, then all connectors must be
screened. In typical process units, connectors represent the
largest count of individual equipment components, making it
costly to screen all components. The purpose of this appendix is
to present a methodology for determining how many connectors must
be screened to constitute a large enough sample size to identify
the actual screening value distribution of connectors in the
entire process unit. Please note that the sampling is to be a
random sampling throughout the process unit.

The basis for selecting the sample population to be screened
is the probability that at least one "leaking" connector will be
in the screened population. The "leaker" is used as a
representation of the complete distribution of screening values
for the entire class of sources. The following binomial
distribution was developed to approximate the number of
connectors that must be screened to ensure that the entire
distribution of screening values for these components is
represented in the sample:

nzNx{l-(-p D] (E-1)
where:
N = Number of connectors;
D = (fraction of leaking connectors) x N; and
p = 0.95.
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Refer to figure E-1, which shows the fraction of leaking
connectors at several leak definitions based on currently
available data. Since the fraction of leaking connectors will
most likely not be known prior to screening, the leaking fraction

at the intersection of the SOCMI average emission factor line and

applicable leak definition line on figure F-1 can be used to
estimate what the fraction of leaking connectors will be.
Entering this value into equation E-1 for at least a 95 percent
confidence interval (p = 0.95) will give the minimum number of
connectors that need to be screened. A larger sample size will
be required for units exhibiting a lower fraction of leaking
connectors.

After 'n’ connectors have been screened, an actual leak
frequency should be calculated as follows:

Leaking frequency = Number of leaking connectors
n
Then, the confidence level of the sample size can be calculated
using the following equation, based upon a hypergeometric
distribution:

p =1 . (N-D) (N-n)

N! (N-D’-n)!
where:
N = Total population of connectors;
n = Sample size; and
D’ = Number of leaking connectors x N

n

If 'p’ calculated in this manner is less than 0.95, then a less
than 95 percent confidence exists that the screening value
distribution has been properly identified. Therefore, additional
connectors must be screened to achieve a 95 percent confidence
level. The number of additional connectors required to satisfy
the requirement for a 95 percent confidence level can be
calculated by solving Equation (E-1) again, using the leak
frequency calculated in Equation (E-2), and subtracting the

E-2

(E-2)

(E-3)
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Figure E-1. Fraction of Leaking Connectors at Several Leak
Definitions
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original sample size. After this additional number of connectors
have been screened, the revised fraction of leaking components
and the confidence level of the new sample size (i.e., the
original sample size plus the additional connectors screened)
should be recalculated using Equation (E-3). The Agency requires
sufficient screening to achieve a 95 percent confidence level,
until a maximum of 50 percent of the total number of connectors
in the process unit have been screened. The EPA believes that
50 percent of the total connector population is a reasonable
upper limit for a sample size. If half of the total number of
connectors are screened, no further connector screening is
necessary, even if a 95 percent confidence level has not been
achieved.
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(Code of Federal Regulations, Title 40, Part 60,
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U.S. Government Printing Office. Revised

June 22, 1990.)



EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER
NSPS TEST METHOD

(EMTIC M-21, 2/9/93)
Method 21 - Determination of Volatile Organic Compound Leaks
1. APPLICABILITY AND PRINCIPLE

1.1  Applicability. This method applies to the determination of
volatile organic compound (VOC) leaks from process equipment.

These sources include, but are not limited to, valves, flanges

and other connections, pumps and compressors, pressure relief
devices, process drains, open-ended valves, pump and compressor
seal system degassing vents, accumulator vessel vents, agitator

seals, and access door seals.

1.2 Principle. A portable instrument is used to detect VOC
leaks from individual sources. The instrument detector type is

not specified, but it must meet the specifications and

performance criteria contained in section 3. A leak definition
concentration based on a reference compound is specified in each
applicable regulation. This procedure is intended to locate and
classify leaks only, and is not to be used as a direct measure of
mass emission rate from individual sources.

2. DEFINITIONS

2.1 Leak Definition Concentration. The local VOC concentration
at the surface of a leak source that indicates that a VOC

emission (leak) is present, The leak definition is an instrument

meter reading based on a reference compound.

2.2 Reference Compound. The VOC species selected as an
instrument calibration basis for specification of the leak

definition concentration. (For example, if a leak definition
concentration is 10,000 ppm as methane, then any source emission
that results in a local concentration that yields a meter reading

of 10,000 on an instrument meter calibrated with methane would be
classified as a leak. In this example, the leak definition is

10,000 ppm, and the reference compound is methane.)

2.3 Calibration Gas. The VOC compound used to adjust the
instrument meter reading to a known value. The calibration gas

is usually the reference compound at a known concentration
approximately equal to the leak definition concentration.

2.4 No Detectable Emission. The total VOC concentration at the
surface of a leak source that indicates that a VOC emission

(leak) is not present. Since background VOC concentrations may

exist, and to account for instrument drift and imperfect

reproducibility, a difference between the source surface
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concentration and the local ambient concentration is determined.

A difference based on the meter readings of less than a
concentration corresponding to the minimum readability

specification indicates that a VOC emission (leak) is not

present. (For example, if the leak definition in a regulation is
10,000 ppm, then the allowable increase is surface concentration
versus local ambient concentration would be 500 ppm based on the
instrument meter readings.)

2.5 Response Factor. The ratio of the known concentration of a
VOC compound to the observed meter reading when measured using an
instrument calibrated with the reference compound specified in

the applicable regulation.

2.6 Calibration Precision. The degree of agreement between
measurements of the same known value, expressed as the relative
percentage of the average difference between the meter readings

and the known concentration to the known concentration.

2.7 Response Time. The time interval from a step change in VOC
concentration at the input of the sampling system to the time at

which 90 percent of the corresponding final value is reached as
displayed on the instrument readout meter.

3. APPARATUS
3.1 Monitoring Instrument.
3.1.1 Specifications

a. The VOC instrument detector shall respond to the compounds
being processed. Detector types which may meet this requirement
include, but are not limited to, catalytic oxidation, flame

ionization, infrared absorption, and photoionization.

b. The instrument shall be capable of measuring the leak
definition concentration specified in the regulation.

C. The scale of the instrument meter shall be readable to +
or - 5 percent of the specified leak definition concentration.

d. The instrument shall be equipped with a pump so that a
continuous sample is provided to the detector. The nominal
sample flow rate shall be 0.1 to 3.0 liters per minute.

e. The instrument shall be intrinsically safe for operation in
explosive atmospheres as defined by the applicable U.S.A.
standards (e.g., National Electrical Code by the National Fire
Prevention Association).

f. The instrument shall be equipped with a probe or probe

extension for sampling not to exceed 1/4 in. in outside diameter,
with a single end opening for admission of sample.
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3.1.2 Performance Criteria.

a. The instrument response factors for the individual compounds
to be measured must be less than 10.

b. The instrument response time must be equal to or less than
30 seconds. The response time must be determined for the
instrument configuration to be used during testing.

C. The calibration precision must be equal to or less than
10 percent of the calibration gas value.

d. The evaluation procedure for each parameter is given in
section 4.4.

3.1.3 Performance Evaluation Requirements.

a. A response factor must be determined for each compound that
is to be measured, either by testing or from reference sources.

The response factor tests are required before placing the

analyzer into service, but do not have to be repeated at

subsequent intervals.

b. The calibration precision test must be completed prior to
placing the analyzer into service, and at subsequent 3-month
intervals or at the next use whichever is later.

C. The response time test is required before placing the
instrument into service. If a modification to the sample pumping
system or flow configuration is made that would change the
response time, a new test is required before further use.

3.2 Calibration Gases.

The monitoring instrument is calibrated in terms of parts
per million by volume (ppm) of the reference compound specified
in the applicable regulation. The calibration gases required for
monitoring and instrument performance evaluation are a zero gas
(air, less than 10 ppm VOC) and a calibration gas in air mixture
approximately equal to the leak definition specified in the
regulation. If cylinder calibration gas mixtures are used, they
must be analyzed and certified by the manufacturer to be within +
or - 2 percent accuracy, and a shelf life must be specified.
Cylinder standards must be either reanalyzed or replaced at the
end of the specified shelf life. Alternatively, calibration
gases may be prepared by the user according to any accepted
gaseous preparation procedure that will yield a mixture accurate
to within + o r - 2 percent. Prepared standards must be replaced
each day of use unless it can be demonstrated that degradation
does not occur during storage.

Calibrations may be performed using a compound other than
the reference compound if a conversion factor is determined for
that alternative compound so that the resulting meter readings
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during source surveys can be converted to reference compound
results.

4. PROCEDURES

4.1 Pretest Preparations. Perform the instrument evaluation
procedure given in section 4.4 if the evaluation requirement of
section 3.1.3 have not been met.

4.2 Calibration Procedures. Assemble and start up the VOC
analyzer according to the manufacturer's instructions. After the
appropriate warmup period and zero internal calibration

procedure, introduce the calibration gas into the instrument

sample probe. Adjust the instrument meter readout to correspond

to the calibration gas value. (Note . If the meter readout cannot
be adjusted to the proper value, a malfunction of the analyzer is
indicated and corrective actions are necessary before use.)

4.3 Individual Source Surveys.

43.1 Typ e | - Leak Definition Based on Concentration. Place
the probe inlet at the surface of the component interface where
leakage could occur. Move the probe along the interface
periphery while observing the instrument readout. If an

increased meter reading is observed, slowly sample the interface
where leakage is indicated until the maximum meter reading is
obtained. Leave the probe inlet at this maximum reading location
for approximately two times the instrument response time. If the
maximum observed meter reading is greater than the leak
definition in the applicable regulation, record and report the
results as specified in the regulation reporting requirements.
Examples of the application of this general technique to specific
equipment types are:

a. Valves - Leaks usually occur at the seal between the stem
and the housing. Place the probe at the interface where the stem
exits the packing and sample the stem circumference and the
flange periphery. Survey valves of multipart assemblies where a
leak could occur.

b. Flanges and Other Connections - Place the probe at the outer
edge of the flange-gasket interface and sample the circumference
of the flange.

C. Pump or Compressor Seals - If applicable, determine the type
of shaft seal. Perform a survey of the local area ambient VOC
concentration and determine if detectable emissions exist as
described above.

d. Pressure Relief Devices - For those devices equipped with an

enclosed extension, or horn, place the probe inlet at
approximately the center of the exhaust area to the atmosphere.
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e. Process Drains - For open drains, place the probe inlet as
near as possible to the center of the area open to the
atmosphere. For covered drains, locate probe at the surface of
the cover and traverse the periphery.

f. Open-ended Lines or Valves - Place the probe inlet at
approximately the center of the opening of the atmosphere.

g. Seal System Degassing Vents, Accumulator Vessel Vents,
Pressure Relief Devices - If applicable, observe whether the
applicable ducting or piping exists. Also, determine if any
sources exist in the ducting or piping where emissions could
occur before the control device. If the required ducting or

piping exists and there are no sources where the emissions could
be vented to the atmosphere before the control device, then it is
presumed that no detectable emissions are present. If there are
sources in the ducting or piping where emissions could be vented
or sources where leaks could occur, the sampling surveys
described in this section shall be used to determine if

detectable emissions exist.

h. Access door seals - Place the probe inlet at the surface of
the door seal interface and traverse the periphery.

4.3.2 Type Il - "No Detectable Emission”. Determine the
ambient concentration around the source by moving the probe
randomly upwind and downwind around one to two meters from the
source. In case of interferences, this determination may be made
closer to the source down to no closer than 25 centimeters. Then
move the probe to the surface of the source and measure as in
4.3.1. The difference in these concentrations determines whether
there are no detectable emissions. When the regulation also
requires that no detectable emissions exist, visual observations

and sampling surveys are required. Examples of this technique

are: (&) Pump or Compressor Seals - Survey the local area ambient
VOC concentration and determine if detectable emissions exist.

(b) Seal System Degassing Vents, Accumulator Vessel Vents,
Pressure Relief Devices - Determine if any VOC sources exist
upstream of the device. If such ducting exists and emissions
cannot be vented to the atmosphere upstream of the control

device, then it is presumed that no detectable emissions are
present. If venting is possible sample to determine if

detectable emissions are present.

4.3.3  Alternative Screening Procedure.

4.3.3.1 A screening procedure based on the formation of bubbles
in a soap solution that is sprayed on a potential leak source may
be used for those sources that do not have continuously moving
parts, that do not have surface temperatures greater than the

boiling point or less than the freezing point of the soap

solution, that do not have open areas to the atmosphere that the
soap solution cannot bridge, or that do not exhibit evidence of
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liquid leakage. Sources that have these conditions present must
be surveyed using the instrument technique of section 4.3.1 or
4.3.2.

4.3.3.2 Spray a soap solution over all potential leak sources.
The soap Solution may be a commercially available leak detection
solution or may be prepared using concentrated detergent and
water.

A pressure sprayer or squeeze bottle may be used to dispense the
solution. Observe the potential leak sites to determine if any
bubbles are formed. If no bubbles are observed, the source is
presumed to have no detectable emissions or leaks as applicable.
If any bubbles are observed, the instrument techniques of section
4.3.1 or 4.3.2 shall be used to determine if a leak exists, or if

the source has detectable emissions, as applicable.

4.4 Instrument Evaluation Procedures. At the beginning of the
instrument performance evaluation test, assemble and start up the
instrument according to the manufacturer’'s instructions for

recommended warmup period and preliminary adjustments.

441 Response Factor.

44.1.1 Calibrate the instrument with the reference compound as
specified in the applicable regulation. For each organic species
that is to be measured during individual source surveys, obtain
or prepare a known standard in air at a concentration of
approximately 80 percent of the applicable leak definition unless
limited by volatility or explosivity. In these cases, prepare a
standard at 90 percent of the standard saturation concentration,
or 70 percent of the lower explosive limit, respectively.

Introduce this mixture to the analyzer and record the observed
meter reading. Introduce zero air until a stable reading is
obtained. Make a total of three measurements by alternating
between the known mixture and zero air. Calculate the response
factor for each repetition and the average response factor.

4.4.1.2 Alternatively, if response factors have been published
for the compounds of interest for the instrument or detector
type, the response factor determination is not required, and
existing results may be referenced. Examples of published
response factors for flame ionization and catalytic oxidation
detectors are included in the Bibliography.

4.4.2 Calibration Precision. Make a total of three measurements
by alternately using zero gas and the specified calibration gas.

Record the meter readings. Calculate the average algebraic

difference between the meter readings and the known value.

Divide this average difference by the known calibration value and

multiply by 100 to express the resulting calibration precision as

a percentage.
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4.4.3 Response Time. Introduce zero gas into the instrument
sample probe. When the meter reading has stabilized, switch
quickly to the specified calibration gas. Measure the time from
switching to when 90 percent of the final stable reading is
attained. Perform this test sequence three times and record the
results. Calculate the average response time.
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VERSUS FRACTION LEAKING EQUATIONS
AND DETERMINATION OF LDAR CONTROL EFFECTIVENESS



APPENDIX G

The purpose of this appendix is to provide additional
information on the approach used to develop the average leak rate
versus fraction leaking equations presented in chapter 5.0.

Also, background information is presented on the determination of
control effectiveness of LDAR programs at SOCMI process units and
refinery process units.

G.1 DEVELOPMENT OF AVERAGE LEAK RATE VERSUS FRACTION LEAKING
EQUATIONS

In chapter 5.0, tables 5-4 and 5-5 present equations that
predict average leak rate based on the fraction leaking at SOCMI
process units and refinery process units, respectively.
Equations are presented for gas valves, light liquid valves,
light liquid pumps, and connectors, and each of the equations are
plotted in figures 5-1 through 5-8.

The equations are expressed in the following format:

Average Leak Rate = (Slope x Fraction Leaking) + Intercept

The average leak rate has units of kilograms per hour per source.
The fraction leaking is the fraction of sources that screen

greater than or equal to the applicable leak definition. The

leak definition is the screening value at which a leak is

indicated. (For example an equipment leak regulation may have a
leak definition of 10,000 ppmv.) Equations were developed for
several possible leak definitions.

Using the applicable equation, if it is known what
percentage of sources screen greater than or equal to the leak
definition, then an overall average leak rate for all sources can
be estimated. If the fraction leaking before and after an LDAR
program is implemented are known, then the average leak rates
before and after the program can be determined. These average
leak rates before and after the program are used to calculate the
control efficiency of the program.
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The leak rate versus fraction leaking equations were
developed using the following procedure:

STEP 1: Determine average emission factors for
(1) screening values greater than or equal to the
applicable leak definition, and (2) screening
values less than the applicable definition.

STEP 2: The average emission factor for screening values
less than the leak definition is the intercept in
the equation.

STEP 3: The average emission factor for screening values
greater than or equal to the leak definition minus
the average emission factor for screening values
less than the leak definition is the slope in the
equation.

An example of the above steps is presented for gas valves in a
SOCMI process units for a leak definition of 10,000 ppmv. From
table 2-4 the gas valve > 10,000 ppmv emission factor is
0.0782 kg/hr and the <10,000 ppmv factor is 0.000131 kg/hr.
Thus, the equation relating average leak rate to fraction leaking
for SOCMI gas valves with a leak definition of 10,000 ppmv is as
follows:

Avg Leak Rate (kglhr) = [(0.0782-0.000131) x FL] + 0.000131
= (0.0781 x FL) + 0.000131

where:

FL = Fraction leaking.

Notice that when applying the above equation if 100 percent of
the gas valves screened less than 10,000 ppmv, the equation
predicts an average leak rate equal to the <10,000 ppmv factor.
Similarly, if 100 percent of sources screened greater than or
equal to 10,000 ppmv, the equation predicts an average leak rate
equal to the > _10,000 ppmv factor.

For SOCMI process units, equations were developed for each
of the equipment types for leak definitions of 500 ppmv,
1,000 ppmv, 2,000 ppmv, 5000 ppmv, and 10,000 ppmv. For each of
the leak definitions, the greater than or equal to factors and
the less than factors were developed by entering the applicable
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screening data from the combined screening data set into the
applicable revised SOCMI correlation equation (see appendix B).
For example, the <500 ppmv factor for connectors was estimated by
entering all connector screening data with values less than
500 ppmv from the combined screening dataset into the revised
SOCMI connector correlation equation. The sum of total emissions
divided by the number of screening values gives the <500 ppmv
connector average emission factor.

For refinery process units, equations were developed for
each of the equipment types for leak definitions of 500 ppmv,
1,000 ppmv and 10,000 ppmv. The refinery > 10,000 ppmv and
<10,000 ppmv emission factors had previously been developed and
are presented in table 2-5. The same approach used to develop
the > 10,000/<10,000 ppmv refinery factors was used to develop the
factors for leak definitions of 500 ppmv and 1,000 ppmv. This
approach involves using information from the Refinery Assessment
Study (EPA-600/2-80-075c) on the cumulative distribution of
emissions and screening values.

G.2 CONTROL EFFECTIVENESS CALCULATIONS

In addition to the equations described in section G.1,
chapter 5.0 presents estimated control effectiveness values at
SOCMI and refinery process units for control equivalent to:

(1) Monthly LDAR program with a leak definition of
10,000 ppmyv;

(2) Quarterly LDAR program with a leak definition of
10,000 ppmv; and

(3) Control equivalent to the LDAR program required by the
proposed hazardous organic NESHAP equipment leaks
negotiated regulation.

Tables G-1 and G-2 summarize how the control effectiveness values
of the above LDAR programs were determined for SOCMI and refinery
process units, respectively.

The approach for calculating the control effectiveness of a
LDAR program is discussed in detail in chapter 5.0. The approach
involves determining the average leak rate before and after the
LDAR program is implemented. The average leak rates before and

G-3



TABLE G-1. DETERMINATION OF LDAR CONTROL EFFECTIVENESS AT SOCMI PROCESS UNITS

Steady-state leak fraction after LDAR
implemented (percent)

-9

Final
Leak Initial leak Initial Immediately Immediately leak LDAR control
Equipment Control definition fraction leak rate after LDAR prior to Cycle rate effectiveness
type program (ppmv) (percent) (kg/hr) monit. LDAR monit. average (kg/hr) (percent)
LL Valves Monthly 10000 4.3 0.0040 0.20 0.88 0.54 0.00064 84
Quarterly 10000 4.3 0.0040 0.59 2.61 1.60 0.00159 61
HON reg neg 500 8.5 0.0040 0.00 2.00 1.00 0.00050 88
Gas Valves Monthly 10000 7.5 0.0060 0.29 1.29 0.79 0.00075 87
Quarterly 10000 7.5 0.0060 0.86 3.80 2.33 0.00195 67
HON reg neg 500 13.6 0.0060 0.00 2.00 1.00 0.00045 92
LL Pumps Monthly 10000 7.5 0.0199 0.00 3.53 1.77 0.00613 69
Quarterly 10000 7.5 0.0199 0.00 7.50 3.75 0.01092 45
HON reg neg 1000 17.1 0.0199 0.00 8.04 4.02 0.00501 75
Connectors HON reg neg 500 3.9 0.0018 0.00 0.50 0.25 0.00013 93




TABLE G-2. DETERMINATION OF LDAR CONTROL EFFECTIVENESS AT REFINERY PROCESS UNITS

Leak Initial leak Initial Immediately Immediately Final LDAR control
Equipment Control definition fraction leak rate after LDAR prior to Cycle leak rate effectiveness
type program (ppmv) (percent) (kg/hr) monit. LDAR monit. average (kg/hr) (percent)
LL Valves Monthly 10000 11.0 0.0109 0.39 1.72 1.06 0.00258 76
Quarterly 10000 11.0 0.0109 1.15 5.07 3.11 0.00430 61
HON reg neg 500 28.5 0.0109 0.00 2.00 1.00 0.00057 95
Gas Valves Monthly 10000 10.0 0.0268 0.36 1.60 0.98 0.00317 88
Quarterly 10000 10.0 0.0268 1.06 4.69 2.88 0.00813 70
HON reg neg 500 24.0 0.0268 0.00 2.00 1.00 0.00120 96
LL Pumps Monthly 10000 24.0 0.1140 0.00 11.28 5.64 0.03597 68
Quarterly 10000 24.0 0.1140 0.00 24.00 12.00 0.06300 45
HON reg neg 1000 48.0 0.1140 0.00 10.00 5.00 0.01365 88
Connectors HON reg neg 500 1.7 0.00025 0.00 0.50 0.25 0.00005 81
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after implementing the LDAR program are estimated by entering the
fraction leaking before and after implementing the program into
the equations described in section G.1.

For SOCMI process units, the fraction leaking before
implementing the LDAR program was based on the percentage of
equipment screening above the applicable leak definition in the
combined SOCMI screening dataset. (See appendix B.) Similarly,
the initial fraction leaking for refinery process units was based
on data from the Refinery Assessment Study on the percentage of
equipment screening above the applicable leak definition. Note
that each of the initial leak fractions predict leak rates equal
to the applicable SOCMI or refinery average emission factors
(tables 2-1 and 2-2) when entered into the applicable equation
described in section G.1. In other words, when estimating the
control effectiveness for the SOCMI and refinery LDAR programs,
it has been assumed that prior to implementing the program
equipment leak emissions are equivalent to emissions that would
be predicted by the average emission factors.

The fraction leaking after implementing the LDAR program is
assumed to be the average of the "steady-state" fraction leaking
immediately before and after a monitoring cycle (see discussion
in chapter 5.0). The following parameters are used to estimate
the steady-state leak fractions:

. recurrence rate,
. unsuccessful repair rate, and
. occurrence rate.

The values used for these parameters are summarized in
table G-3 for both SOCMI and refinery process units.

The paragraphs below summarize the approach used to
determine the above parameters. First, the approach used to
determine the parameters in a program with a leak definition of
10,000 ppmv is described. Then, the approach used to determine
the parameters in a program equivalent to the proposed hazardous
organic NESHAP equipment leaks negotiated regulation is
described.

G-6



TABLE G-3.

PARAMETERS USED TO CALCULATE STEADY-STATE LEAK

FRACTION AFTER LDAR PROGRAM IS IMPLEMENTED

Leak Recurrence Unsuccessful Initial leak Occurrence
Control definition repair rate i rate
Equipment type program (ppmv) (percent) (percent) Ebaecr%%rr]]t) (percent)
PARAMETER VALUES FOR SOCMI PROCESS UNITS
LL Valves Monthly 10000 14 10 4.3 0.68
Quarterly 10000 14 10 4.3 2.03
HON reg neg 500 0 0 8.5 2.00
Gas Valves Monthly 10000 14 10 7.5 1.00
Quarterly 10000 14 10 7.5 2.97
HON reg neg 500 0 0 13.6 2.00
LL Pumps Monthly 10000 0 0 7.5 3.53
Quarterly 10000 0 0 7.5 7.50
HON reg neg 1000 0 0 171 8.04
COMNECIOTS e HON reg neg e 900 S O e 3 e 050 ..
PARAMETER VALUES FOR REFINERY PROCESS UNITS
LL Valves Monthly 10000 14 10 11.0 1.34
Quarterly 10000 14 10 11.0 3.97
HON reg neg 500 0 0 28.5 2.00
Gas Valves Monthly 10000 14 10 10.0 1.24
Quarterly 10000 14 10 10.0 3.67
HON reg neg 500 0 0 24.0 2.00
LL Pumps Monthly 10000 0 0 24.0 11.28
Quarterly 10000 0 0 24.0 24.00
HON reg neg 1000 0 0 48.0 10.00
Connectors HON reg neg 500 0 0 1.7 0.50

& The recurrence rate and unsuccessful repair rate for valves and pumps in LDAR programs with a leak
definition of 10,000 ppmv was obtained from the SOCMI Fugitives AID (EPA-450/3-82-010). For the HON
reg neg, a simplifying assumption was made that the recurrence rate and unsuccessful repair rate equal
zero percent for all equipment types.

P The initial leak fraction for SOCMI process units is based on the combined screening dataset. The initial
leak fraction for refinery process units is based on data collected in the Refinery Assessment Study

(EPA-600/2-8--075¢).

C The occurrence rate for LDAR programs with a leak definition of 10,000 ppmv is calculated as a function of
the initial leak fraction. The relationship is based on data collected in the Six Unit Maintenance Study
(EPA-600/S2-081-080). The equations for valves and pumps are as follows:

Valve 30 Day Occurrence rate = 0.0976 * leak fraction + 0.264.

Pump 30 Day Occurrence rate = 0.47 * leak fraction.
The quarterly occurrence rate is approximately 3 times the 30-day occurrence rate. In cases where the
quarterly occurrence rate exceeded the initial leak fraction, it was set equal to the initial leak
fraction. The occurrence rate for the HON reg neg LDAR programs is set equal to the performance level,
except for pumps in SOCMI process units. For pumps in SOCMI process units the occurrence rate is
calculated using the equation above.
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G.21 LDAR Program with Leak Definition of 10,000 ppmv

Estimates for the recurrence rate and unsuccessful repair
rate were obtained from the Fugitive Emissions Additional
Information document (EPA-450/3-82-010). In this document, data
collected for LDAR programs with a leak definition of 10,000 ppmv
were summarized. It was concluded that the recurrence rate for
valves was 14 percent and the unsuccessful repair rate for valves
10 percent. It was assumed that all pumps are replaced with a
new seal and for that reason the recurrence rate and unsuccessful
repair rate for pumps were both assumed equal to zero percent
(i.e., all pumps are successfully repaired and leaks do not
recur). Data were unavailable for connectors for an LDAR program
with a leak definition of 10,000 ppmv, and, for this reason,
control efficiency for connectors in an LDAR program with a leak
definition of 10,000 ppmv have not been estimated.

Estimates for the occurrence rate were based on data
collected in the Six Unit Maintenance Study (EPA-600/S2-081-080).
Data from this study indicated that the occurrence rate is a
function of the initial leak fraction. For valves this
relationship was expressed by the following equation:

OCGalve = 0.0976 (LF) + 0.264

where:
OCGalve = Monthly occurrence rate for valves;
and
LF = Initial leak fraction.

For pumps, the relationship was as follows:
Oc%ump = 0.47 x LF
where:

OCGump = Monthly occurrence rate for pumps; and

LF Initial leak fraction.

G-8



For both pumps and valves, the monthly occurrence rate was used
to estimate the quarterly occurrence rate using the following
equation:

Q=M+MQ2-M+M{T-M+M(@A- M]}
where:

Monthly occurrence rate; and
Quarterly occurrence rate.

M
Q

Note that in cases where the estimated quarterly occurrence rate
exceeded the initial leak fraction, it was set equal to the

initial leak fraction.

G.2.2 Control Equivalent to the LDAR Program Required by the

Proposed Hazardous Organic NESHAP Equipment Leaks

Negotiated Requlation

For each of the equipment types, the proposed hazardous
organic NESHAP LDAR program requirements include a performance
level requirement. This performance level specifies the
allowable leak fraction once the program is in place. For
example, the performance level for valves is 2 percent. Because
the proposed hazardous organic NESHAP rule contains the
performance level requirement and because limited data are
available on LDAR programs with the leak definitions of the
proposed hazardous organic NESHAP rule, simplifying assumptions
were made when estimating the recurrence rate, unsuccessful
repair rate, and occurrence rate.

For each of the equipment types, it was assumed that the
recurrence rate and unsuccessful repair rate were equal to zero
percent. These two parameters have the least impact on the
predicted control efficiency.

For valves and connectors, the proposed hazardous organic
NESHAP rule allows for reduced monitoring frequency if the leak
fraction remains below the performance level. For this reason,
it was assumed that process units would monitor valves and
connectors at whatever monitoring frequency (i.e., monthly,
quarterly, annually, etc.) that allows them to meet the
performance level. Thus, for valves and connectors the
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occurrence rate was set equal to the performance level. Note
that in cases where process units remain below the performance
level this may overestimate the occurrence rate. However, this
is offset by the assumption that the recurrence rate and
unsuccessful repair rate are equal to zero percent.

For pumps the proposed hazardous organic NESHAP rule
requires monthly monitoring. For this reason the occurrence rate
was calculated using the same equation for pumps as presented in
section G.2.1 for LDAR programs with a leak definition of
10,000 ppmv. Note, however, that the initial leak fraction used
in the equation was the leak fraction associated with the leak
definition of the proposed hazardous organic NESHAP rule
(1,000 ppmv). For refineries, the predicted occurrence rate for
pumps exceeded the performance level, and for this reason the
occurrence rate was set equal to the performance level.
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