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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATüRE. Wï" RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS To WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGAIIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT, NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING AGAINST LIABIL- 
K Y  FOR INFRINGEMENT OF LETI'ERS PATENT. 
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A . l  Least Saiiares Estimate of a Linear Repression 

The fitting of a line to describe the relationship between two variables (X and 

Y) via the method of least squares involves estimating a Y-intercept (O0) and a slope (O,). 
The method of least squares chooses the parameter estimates for Po and Pl, as those values 

which minimize the sum of squares of the vertical distances from the data points to the 

presumed regression line. In addition, these parameters are estimated so that the average 

residual (ri = Yi - ß, - PiXi ,  i =  1, . . . , n) is zero. 

Let 

and 

So that: 

or 

Y, = Log,, (Leak Rate determined by bagging component i), 

Xi = Log,, (Maxiinum Screening Value for component i). 

Log,, (Leak Rate) = ßo + ß, Log,, (Screening Value), 

Yi = Po + BIXi 

describes iIIe regression line. 
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Then the least square regression estimators can be given by: 

and 

where: 

n = number of parameters. 

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

where: 

ri = Yi - 8, - &Xi 

The MSE is a measure of how well the data fit the predicted values of the least-squares 

regression equation. 
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A.2 Scale-Bias Correction Factor 

In order to predict the mean emission rate for a given screening value, one 

must first transform the results of the least-squares analysis from log-log space back to 

arithmetic scales. To do this, a scale bias correction factor (SBCF) is required to obtain the 

following predictive correlation equation: 

Mean Leak Rate = SBCF X ido X (Screeningvalue)'' 

The SBCF is obtained by summing a sufficient number (generally 10-15) of 

terms of the infinite series given below. Specifically, the SBCF is estimated by: 

+- ...., (m - 1 ) t  + (m - ii3t2 + (m - 
m22! (m + i) 

SBCF = 1 + 
m m33! (m + i) (m + 3) 

where: 

t = (- MSE (ln10)') 
2 

and 

m = number of sources bagged - 1. 

The equation for the mean emission rate, given above, is the best, unbiased estimator and 

also provides an efficient estimate for the mean of a lognormal distribution [Finney (1941), 

Atchinson (19531. 
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A.3 Standard Error 

The standard error of an estimate is a statistical measure of the amount of 

variation of the actual values of the dependent variable from their predicted values, as 

estimated by the regression equation. Its formula may be written: 

The SE, possesses the same units as the response variable, Yi (for emission 

rates, this is lbs/hr). The standard error is also used in developing confidence intervals 

around the mean predicted values. 

A.4 Confidence Intervals 

A confidence interval for a parameter 0 is an interval: 

where: 

a and b are numbers calculated partially from sample data, within which we 

feel reasonably certain the unknown parameter lies. A confidence interval is 

derived from a probability statement that involves the unknown parameter 9. 

These confidence intervals should be interpreted as follows: 

When we state that the parameter falls within the computed 

confidence limits, we expect to be correct about 100 x ( l a )  

percent of the time. 
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For example, suppose a sample is drawn from some population and a 95% 

confidence interval (a, = 0.05) is computed for some parameter, say the mean. If a 100 

samples are drawn from that population, and 100 of these confidence intervals for the mean 
are computed, then 95 of these intervals should contain the true population mean 0 as an 
interior point. 

Confideiice intervals for the intercept of the least-squares regression equation 

can be specified as: 

Confidence intervals for the slope of the least-squares regression equation can be specified 

as: 

where: 

sxx = C(Xi - %* 

C e i  - Po - ß,q2 
MSE = 

n - 2  

n SXX 

MSE ln 
= (E) 
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and 

is the 1- a/2 probability point of the student's t distribution with (n-2) degrees of freedom. 

Confidence intervals for the predicted mean value of Y for a given x k  can be 

specified as: 

where: 

and 

SE, = ,/m as given in Appendix A.l .  

The confidence intervals for the predicted values are smallest when x k  = x and increase as 

Xk moves away from 

either direction) from x, the larger the expected error is when predicting the mean value of 

Y at 

in either direction. That is, the greater the distance an X, is (in 
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The sample correlation coefficient is a statistical measure of the linear 

relationship between two variables. The correlation between two variables, X and Y, is 

computed as: 

c (Xi - ?).(Y; - y> 
-xY I 

JE (Xi - x)2.E (YI - 

and is bounded: 

-1 s r m s  1 . 

The correlation coefficient squared (rxy2) can be interpreted as the fraction of 

the total variation which is explained by the least-squares regression line. In other words, 

r, measures how well the least-squares regression line fits the sample data. If the total 

variation is ail explained by the regression line, i.e., if rxy2 = 1 or rxy = & 1, we say there 

is a perfect linear correlation. On the other hand, if there is no linear relationship between 

sample values of X and Y, then rxy will have a value near zero. In addition, if rxy > O, 

then the response variable (Y) increases as the independent variable (X) does. If rxu < O, 

the response decreases as the independent variable increases. 

A.6 Wilcoxon Rank Sum Test 

The Wilcoxon rank sum test for paired data compares two population 

distributions by ranking the absolute magnitudes of the differences of these paired 

observations. Under the null hypothesis of no difference in the distributions A and B, the 

expected number of negative differences between pairs would be n/2 (where n is the number 

of data pairs), and positive and negative differences of equal absolute magnitude should occur 

with equal probability. Thus, if one were to order the differences according to their absolute 
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values and rank them from smallest to largest, the expected rank sums for the positive and 

negative differences would be equal. Large departures of the rank sum of the positive (or 
negative) differences from its expected value would provide evidence to indicate a difference 

between the distribution of the responses for A and B. 

Let populations A and B be the logarithm of the leak rates determined by 

bagging and those determined by the established EPA-SOCMI equations respectively. Say, 
for example, five baggings were done. For the given screening values, five responses can 

also be calculated from the EPA-SOCMI regression equation for a particular source, say 

pump seais: 

Log,,(Leak Rate) = -5.34 + 0.898 Log,,,(Screening Value) 

These observed and calculated responses, the differences of the two, and the ranking of the 

magnitude of these differences are given below. 

Masurecl Values 

Calculatal Values 
from 

EPA-SOCMI Equations 

Log (Screening Value) Log (Leak Rate) Log (Leak Rate) Difference Rank 

1.78 
1163 

1.84 
-0.82 

-1.39 

-3.53 
4.06 
-6.79 
-3.53 
-6.42 

-3.68 
-3.87 
-6.59 
-3.74 
-6.08 

o. 15 1 
-0.19 2 
-0.20 3 
0.21 4 
-0.34 5 

As stated, the null hypothesis is that the populations are equal, and the 

alternative hypothesis is that they’re not equal, which implies a 2-tailed test. From a 

Wilcoxon Table, the critical value To for a 2-tailed test with (Y = O. 10 and n = 5  is To = 1. 

Hence, reject the null hypothesis if the Wilcoxon statistic, T I 1. The sum of the ranks of 
the positive differences is 5 and of the negative differences is 10. The smaller of the two 
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rank sums will be the Wilcoxon statistic, T. Since 5 > To, we cannot reject Ho, the 

hypothesis that the population distributions are different. 

A.7 Repression Estimates for Eniission Rates from SOCMI Processes (U.S. 
EPA, 19881 

e Flanges 

Equation for predicted mean emission rate is: 

Emission Rate = (3.731)( 10~s)(OVA-SV)o~8z 

Least-Square Results (in log-log space): 

Log,,(Ernission Rate) = -4.73 + 0.818 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.77; 
Number of Data Pairs = 52; 
Standard Error of Estimate = 0.52; 
95% Confidence Interval for Intercept (-5.9, -4.5); 
95% Confidence Interval for Slope = (0.68, 1.08); and 
Scale Bias Correction Factor = 2.02. 

e Valves - Light Liquid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (3.74)( 104)(OVA-SV)o.47 

Least-Square Results (in log-log space): 

Log,,(Einission Rate) = -4.342 + 0.470 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.47; 
Number of Data Pairs = 129; 
Standard Error of Estimate = 0.902; 
95% Confidence Interval for Intercept (-5.0, -3.7); 
95% Confidence Interval for Slope = (0.31, 0.63); and 
Scale Bias Correction Factor = 8.218. 
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Valves - Gas VaDor Service 

Equation for predicted mean emission rate is: 

Emission Rate = (1.68)( 10-5)(OVA-SV)0.6y 

Least-Square Results (in log-log space): 

Log,,(Einission Rate) = -5.35 + 0.693 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.66; 
Number of Data Pairs = 99; 
Standard Error of Estimate = 0.716; 
95% Confidence Interval for Intercept (-6.0, -4.7); 
95% Confidence Interval for Slope = (0.53, 0.85) ; and 
Scale Bias Correction Factor = 3.766. 

Pump Seals - Light Liquid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (1.34)( 105)(OVA-SV)".WYn 

Least-Square Results (in log-log space): 

Log,,(Emission Rate) = -5.34 + 0.898 Log,o(OVA Screening Value); 
Correlation Coefficient (r) = 0.81; 
Number of Data Pairs = 52; 
Standard Error of Estimate = 0.650; 
95% Confidence Interval for Intercept (-6.1, -4.6); 
95% Confidence Interval for Slope = (0.71, 1.1) ; and 
Scale Bias Correction Factor = 2.932. 
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Regression Est iniates for Emission Rates from Refinerv Processes (Radian, 
1980 and Radian, 1989) 

Flanges 

Equation for predicted mean emission rate is: 

Emission Rate = (3.730)( 10-')(OVA-SV)o.x2 
Emission Rate = ( I  .275)( 105)(TLV-SV)o,xx 

Least-Square Results (in log-log space) using OVA Screening Instrument: 

Log,,(Einission Rate) = -4.73 + 0.818 Log,,(OVA Screening Value); 
95% Confidence Interval for Intercept (-5.43, -4.03); and 
95% Confidence Interval for Slope = (0.63, 1.00). 

Least-Square Results (in log-log space) using TLV Screening Instrument: 

Log,,(Einission Rate) = -5.20 + 0.88 Log,,,(TLV Screening Value); 
Correlation Coefficient (r) = 0.77; 
Number of Data Pairs = 52; 
Standard Error of Estimate = 0.52; 
95% Confidence Interval for Intercept (-5.9, -4.5); 
95% Confidence Interval for Slope = (0.68, 1.08); and 
Scale Bias Correction Factor = 2.02. 

Valves - Light Liquid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (8.46)( 10s)(OVA-SV)o.74 
Emission Rate = (3.19)( lO-')(TLV - SV)o.80 

Least-Square Resiilts (in log-log space) using OVA Screening Instrument: 

LogIo(Emission Rate) = -4.48 + 0.74 Log,,(OVA Screening Value); 
95% Confidence Interval for Intercept (-4.88, -4.08); and 
95% Confidence Interval for Slope = (0.641, 0.845). 
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e 

e 

Least-Square Results (in log-log space) iising TLV Screening Instrument: 

Log,,(Einission Rate) = -4.90 + 0.80 Log,,(TLV Screening Value); 
Correlation Coefficient (r) = 0.79; 
Number of Data Pairs = 119; 
Standard Error of Estimate = 0.60; 
95% Confidence Interval for Intercept (-5.3, -4.5); 
95% Confidence Interval for Slope = (0.69, 0.91); and 
Scale Bias Correction Factor = 2.53. 

Valves - Gas Vapor Service 

Equation for predicted mean emission rate is: 

Emission Rate = (2.16)( 10m6)(OVA SV)'.'' 
Emission Rate = (4.81)( lO-')(TLV - -SV)1.23 

Least-Square Results (in log-log space) using OVA Screening Instrument: 

Log,,(Emission Rate) = -6.35 + 1.14 Log,,(OVA Screening Value); 
95% Confidence Interval for Intercept (-7.45, -5.25); and 
95% Confidence Interval for Slope = (0.92, 1.37). 

Least-Square Results (in log-log space) using TLV Screening Instrument: 

Log,,(Emission Rate) = - 7 . 0  + 1.23 Log,,(TLV Screening Value); 
Correlation Coefficient (r) = 0.76; 
Number of Data Pairs = 79; 
Standard Error of Estimate = 0.78; 
95 % Confidence Interval for Intercept (-8.1 , -5.9); 
95% Confidence Interval for Slope = (0.99, 1.47) ; and 
Scale Bias Correction Factor = 4.81. 

PumD sea Is - Light Liauid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (5.022)( lv)(OVA-SV)o-ni 
Emission Rate = (1.823)( 10J)(TLV-SV)o.830 
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Least-Square Results (in log-log space) using OVA Screening Instrument: 

Log,,(Emission Rate) = -3.96 + 0.771 Log,,(OVA Screening Value); 
95% Confidence Interval for Intercept (-3.46, -4.46); and 
95% Confidence Interval for Slope = (0.67, 0.87). 

Least-Square Results (in log-log space) using TLV Screening Instrument: 

Log,,(Emission Rate) = -4.40 + 0.830 Log,,(TLV Screening Value); 
Correlation Coefficient (r) = 0.68; 
Number of Data Pairs = 259; 
Standard Error of Estimate = 0,760 
95% Confidence Interval for Intercept (-4.9, -3.9); 
95% Confidence Interval for Slope = (0.72, 0.94) ; and 
Scale Bias Correction Factor = 4.58. 

A.9 Remession Estimates for Petroleum MarketinP Terminals 

0 Flanges (Connectors) - All Services 

Equation for predicted inean einission rate is: 

Emission Rate = (4.652)( lO")(OVA - SV)o."6 

Least-Square Results (in log-log space): 

Log,,(Einission Rate) = -4.73 + 0,426 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.4 1 ; 
Number of Data Pairs = 36; 
Standard Error of Estimate = 0.604; 
95% Confidence Interval for Intercept (-5.48 -3.98); 
95% Confidence Interval for Slope = (0.097, 0.754); and 
Scale Bias Correction Factor = 2.50. 
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e 

e 

Valves - Lipht - Liaiiid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (6.34)( 106)(OVA - SV)0.708 

Least-Square Results (in log-log space): 

Log,o(Emission Rate) = -5.433 + 0.708 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.845; 
Number of Data Pairs = 46; 
Standard Error of Estimate = 0.460; 
95% Confidence Interval for Intercept (-5.81, -5.06); 
95% Confidence Interval for Slope = (0.57, 0.84); and 
Scale Bias Correction Factor = 1.72 

Loading Arm Valves - All Services 

Equation for predicted mean emission rate is: 

Emission Rate = (8.24)( 104)(OVA-SV)o.gss 

Least-Square Results (in log-log space): 

Log,,(Emission Rate) = -5.469 + 0.955 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.825; 
Number of Data Pairs = 24; 
Standard Error of Estimate = 0.601; 
95 % Confidence Interval for Intercept (-6.03, -4.91); 
95% Confidence Interval for Slope = (0.67, 1.24); and 
Scale Bias Correction Factor = 2.43 
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Open-Ended Lines - All Services 

Equation for predicted mean emission rate is: 

Emission Rate = (5.69)( 106)(OVA - SV)".995 

Least-Square Results (in log-log space): 

Log,,(Einission Rate) = -5.743 + 0.995 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.859; 
Number of Data Pairs = 16; 
Standard Error of Estimate = 0.701; 
95% Confidence Interval for Intercept (-6.53, -4.95); 
95% Confidence Interval for Slope = (0.65, 1.34); and 
Scale Bias Correction Factor = 3.14 

Piimp Seals - Light Liquid Service 

Equation for predicted mean emission rate is: 

Emission Rate = (6.567)( lO-')(OVA - SV)0.5)4 

Least-Square Results (in log-log space): 

Log,,(Emission Rate) = -4.619 + 0.534 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.757; 
Number of Data Pairs = 12; 
Standard Error of Estimate = 0.667; 
95% Confidence Interval for Intercept (-5.43, -3.81); 
95% Confidence Interval for Slope = (0.209, 0.859) ; and 
Scale Bias Correction Factor = 2.729. 
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Valves (Lieht Liaiiid Services) and Connectors (All Services). Co mbined 

Equation for predicted mean emission rate is: 

Emission Rate = (1.255)( 105)(OVA-SV)(’.635 

Least-Square Results (in log-log space): 

Log,,(Emission Rate) = -5.22 + 0.635 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.729; 
Number of Data Pairs = 82; 
Standard Error of Estiinate = 0.532; 
95% Confidence Interval for Intercept (-5.56, -4.88); 
95% Confidence Interval for Slope = (0.502, 0.768) ; and 
Scale Bias Correction Factor = 2.083. 

1, nd - n-En in All rvi 
Combined 

Equation for predicted niean emission rate is: 

Emission Rate = (7.663)( 1O6)(0VA - SV)0.9s9 

Least-Square Results (in log-log space): 

Log,,(Emission Rate) = -5.55 + 0.959 Log,,(OVA Screening Value); 
Correlation Coefficient (r) = 0.838; 
Number of Data Pairs = 40; 
Standard Error of Estiinate = 0.632; 
95% Confidence Interval for Intercept (-5.98, -5.12); 
95% Confidence Interval for Slope = (0.755, 1.164) ; and 
Scale Bias Correction Factor = 2.743. 
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A.10 Effects of Load a nd Service on Scree ninp Value Co ncentratiow 

It was considered desirable to determine whether the service or the load conditions had an 
effect on the screening value concentrations. Table A-1 presents statistics for the mean 
screening value concentrations by service (gas vapor, heavy liquid, or light liquid) and load 

(load or no load). "Load" is defined as process fluid flowing through the component and "no 

load" is defmed as a liquid-filled component but with no flow. The mean concentrations and 

sample sizes by category are also presented for the different component types in Figures A-1 

through A-6. 

Statistical hypothesis tests were performed to determine whether the effects of service and 

load on screening value concentrations were statistically significant. An effect is said to be 

"statistically significant" if it is too large to be explained by random chance; Le., a 
statistically significant effect is one that appears to be repeatable on the basis of trends seen 

in the data. 

To test the effects of service and load for each component type, the number of screened 

values within each service and load must be sufficientiy large. As shown in Table A-1 and 

in Figures A-1 through A-6, most of the screened components were connectors and valves. 

In addition, there were sufficient numbers of connectors and valves representing each of the 

service types and load conditions. For the remaining four component types (Le., loading 

arm valves, open-ended lines, pump Seals, and "other"), there was not a large number of 

screened values representing each of the service types and load conditions. Therefore, 

whereas reliable statistical conclusions about the effects of service and load can be drawn for 

co~ectors and valves, results given for the remaining four component types should be 

regarded with caution due to the small sample sizes. 

When a response variable (concentration) is computed as a function of two possible 

explanatory variables (load and service), a technique called "analysis of variance" is often 
used to determine the significance or lack of significance of the effects. Conventional 
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analysis of variance could be used to determine whether the mean concentration varies 

significantly as a function of load or service. In Figure A-1, for example, it is seen that 

concentration is larger for the gas service with no load than for the other data cells (i.e., 
other load-service combinations). The question is, are the cell-to-cell differences in the mean 

concentrations too large to be explained by random chance? 

Analysis of variance, strictly speaking, is based on the assumption that the data are normally 

distributed. The concentrations observed here are markedly non-normal. As discussed in 

Section 5.6.2, the distributions are strongly asymmetric (positively skewed). With this type 
of distribution, it is often possible to take logarithms of the values and produce an 
approximately normal distribution. Because of the large number of concentration values 

reported as zero, however, the log transformation was not feasible in this case. For this and 

other reasons, there was some doubt about the advisability of using Conventional analysis of 

VUiance. 

For this reason, a nonparametric analysis of variance was performed. A "nonparametric" 

statistical analysis is one that is designed so that a rigorous assumption regarding the type of 

statistical distribution is not required. 

To perform the nonparametric test, the complete set of concentrations for a given component 

were first ordered from low to high. The lowest concentration was assigned the rank 1, the 

next lowest was assigned the rank 2, and so on. Average ranks were used whenever ties 

occurred. An analysis of variance was then performed on the ranks of the concentrations. 

A fundamental difference between the parametric and nonparametric tests is as follows: In 

the parametric test, the mean concentrations for the different data cells are compared. In the 

nonparametric test based on ranks, the means are not directly compared. The question is, 

are the concentrations consistently (more often) higher in some cells than in others? 
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The nonparametric tests were preferred for theonzîical reasons. Also, however, the 

nonparametric tests produced results which are generally more consistent with the visual 

effects observed in the figures. 

A nonparametric test based on ranks of the type used here strictly should be based on data 
with qual variances in all cells (all load-serviCe combinations). This condition is not met 

here, and so the significance levels discussed below in connection with the test are not 

strictly correct. The nonparametric test used is sti l i  preferable to the parametric test, 
however, and is believed to be the best readily available. The parametric test also requires 

the assumption of equal variances. Moreover, the reasonableness of all nonparametric results 

is discussed in view of graphical displays and other considerations. Thus, the results of the 

significance tests are believed to provide useful information, although the confidence levels 

are not numerically exactly correct. 

The goal of a hypothesis test is not to draw conclusions with absolute certainty; this is not 

feasible when random variability is present in the data. The goal is to draw the most 

reasonable conclusions possible and to assess the confidence with which these conclusions 

can be drawn. 

Table A-2 presents the results of the nonparametric hypothesis tests. Certain notations 

appear regarding instances in which a significant rcsult was found by the parametric test but 

not by the nonparametric test. Factors that arc not significant are denoted as "NS." For 

those factors that are significant, the pvalue at which the indicated factor is statistidly 

significant is given. The p-value is the probability of incorrectly concluding that there is a 
significant difference between the mean concentrations. Thus, for example, a p-value of 

O.ûûO1 for a phase effect would indicate that there is only a 0.01% chance of incorrectly 

concluding that the mean concentrations of the three phases differ significantly and thus there 
is a 99.99% (ix., 1 - p-value) chance that the mean concentrations for the three phases 

actually differ significantly. 
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Table A-2 

Results of Non-parametric Tests to Determine 
Significance of Effects of Service and Load 

on Screening Value Concentrations 

Note: The values in the table are p-values at which the indicated effect is statistically significant. Where NS appears, the effect i s  no( 

statistically significant at the 0.05 level. 
Significant II the 0.05 ievei on the basis of a pammetnc test. 
"Oîher" includes components such as hatches, covers, manholes, t h e m l  wells, and pressure relief valves. 
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Consider first the results for connectors (Figure A-1). As noted earher, it is evident that the 

mean for gas service with no load is much higher than the means for the other cells. It is 

also evident that the concentrations are much higher on the average for the gas service than 
for the other services. Table A-2 indicates, however, that the sewice effect is not 

significant. As indicated by the footnote in Table A-2, however, the parametric test indicates 

that the service effect is significant. The same type of disparity occurs for the phase*load 

interaction, with the nonparametric test indicating that this is not a significant effect, 

whereas, the parametric test indicates that this is a significant effect. 

Thus, there is an apparent anomaly for connectors in that (1) the plot and the parametric test 

results suggest that there is a service effect and a service*load effect, but (2) the 
nonparametric hypothesis tests reveal that there is no significant service and sewice*load 

effect. This is not a contradiction, however. Recall that the figure presents the mean values, 

and the mean values are strongly affected by a small percentage of the points that have much 

higher than average concentrations. The nonparametric test, being based on ranks, is not 

sensitive to a small number of very large values. The nonparametric test is affected by cells 
that more frequently have higher concentrations than do other ceils. Thus, the mean values 

in the plots and the nonparametric results characterize two aspects of the problem, and both 

aspects are of some practicai interest. 

Further investigation r e v d s  that the high average screening value for C O M ~ C ~ O ~ S  in gas 

service with no load can be attributed to a two large screening concentrations of 8,000 and 

11,ooO ppm. In fact, of the 100 screening concentrations obtained for this category, 84 

screened at O ppm, 11 were less than 100 ppm, one each screened at 130 ppm, 160 ppm and 

340 ppm. For the gas connectors with the load on, the large average Screening concentration 

is due primariiy to a single high screening value of 2500 ppm. Of the 47 components 

screened in this category, 51 screened at O ppm and 5 screened at concentrations less than 
130 ppm. 
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The parametric test for connectors also indicated that there was a significant difference 

between for the service*load interactive term. As is indicated above, however, there is some 

doubt as to the validity of the parametric test. The nonparametric test did not reveal a 

significant difference for this interaction. This result does not prove that there is no 

service*load interaction; the conclusion is only that there is insufficient evidence on the basis 

of the nonparametric test to conclude with confidence that a service*load effect exists. 

The results for valves are shown in Figure A-2. Notice that the average concentrations are 

noticeably higher for light liquids for both load conditions than for other data cells. Note 

also that the average concentrations for the gas service are higher than those for the heavy 

liquid service. Consistently with these observations, Table A-2 indicates that the 

concentrations differ significantly among the different services. 

The results for valves, however, do not indicate a severe imbalance in concentrations for the 

same service but for different load conditions. Again, the hypothesis test results are 

consistent with the visual observations. The interaction effect for valves is not significant, 

and neither is the load effect. 

The results for loading arm valves are presented in Figure A-3. The results here are very 

similar to the results of the parametric test performed on connectors. Notice, however, that 

the sample sizes for loading arm valves are much smaller than those for connectors. Thus, 

the conclusions for loading arm valves are drawn with much less confidence. The results of 
the test on loading arm valves shows there is evidence of a service effect. This is consistent 

with the plot showing large differences in screening values for different services. 

Table A-2 also indicates that the service*load interaction effect is significant for loading arm 
valves. As a general statement, this result means that either (1) concentration does not vary 
uniformly with service for a given load, (2) concentration does not vary uniformly with load 

for a given service, or (3) both. This result is very consistent with the data as depicted in 

A-30 

                                      
                                         
                                      
                                         



A P I  P U B L t 4 5 8 8 1  93 D 0732290 0513640 205 D 

Figure A-3. It is evident that the higher concentration for the gas service does not occur 

uniformly for the cases with and without load. 

The results for open ended lines are presented in Figure A-4. The results here are similar to 

those for the loading arm valves, in that the sample sizes are very small when the load is on. 

Thus, the failure to detect a significant load effect is partly due to the small sample sizes. 

No significant sexvice effects were detected for open ended lines. This may seem counter 

intuitive in view of the appearance of Figure A-4, which shows large differences in average 

concentrations for different services when the load is off. However, as shown in Table A-1, 

the variability within each service is very large. The lack of significant service results is 
therefore explainable in part by the large variability within each service and in part by the 

small sample sizes. 

Figure A-5 presents the results for pumps. There is a noticeably large mean value for light 

liquids with no load. The results are affected, however, by small sample sizes (one cell has 

only one observation). As a result, neither the parametric nor the nonparametric tests 

reveaied a significant semice, load, or service*load difference. 

Figure A-6 presents the results for "other" components. "Other" components includes 

hatches, hoses, covers, man holes, thermal wells, and pressure relief valves. This figure 

reveais high mean dues for the gas service for both load conditions. This seems to imply 

that a significant service effect exists. This is consistent with the results of the non- 
parametric test given in Table A-2 which shows a significant service effect for service type. 

It is interesting to note that valves showed statistically significant service effects. Higher 

Screening value concentrations were observed more often for vaives in light liquid service 

than the other two semices. Typically it would be expected that the gas service would show 
higher concentrations of screening values, as was shown for mnnectors. Further evaluation 

of the valve data however, showed that M y  ail of the light liquid valves with large 
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screening values, also were larger in size (Le., greater than 2 inches). Thus, the size of the 

valve appears also to have an effect on the screening value distribution. 

The average concentrations for valves with different services and sizes are shown in 

Figure A-7. A second ANOVA was performed on valves to determine whether there were 

statistically significant effects on the screening value concentrations due to the valve size, 

service, and service*size interactions. Load was not included in this second ANOVA 
because it was not shown to be a significant factor in the fust ANOVA. In addition, 19 

valves that did not have a recorded size variable were not included in this second ANOVA. 

The results of this second ANOVA are given in Table A-3. As shown before, service 

appears to have a significant effect on screening value concentrations for valves. This 

ANOVA also shows that size and the service*size interactions are significant effects. It is of 

interest to note that all of the 15 leakers (screening values of greater than 10,ûûû ppm) for 

valves occurred in the light liquid service. Of these leakers, 1 was in the 0-2" size category, 

4 were in the 2-4" category, 5 were in the 4-6" size category, 3 were in the 6-8" size 

category, and 2 were in the >8" size category. 

In summary, reliable significant statistical conclusions were only shown for valves. For 

connectors there was no strong semice or load effect. For valves, however, the service 

effect was significant. There were also indications for valves that size and the service*size 
interactions were significant. Loading arm valves showed statistically significant effects 

between service*load and load, respectively. However, the results for loading arm valves 

are not as reliable due to the small sample sizes obtained. In addition, the category of 
"other" showed a significant sexvice effect. It should also be noted that the statistical tests 

performed determine whether there are systematic variations in the screening values for 

different parameters (e.g., sewice and load). In some cases, the indicated significant effects 

may run counter to those expected from analysis of physical principles. Thus, the results 

from the statistical analysis should also be viewed from a practical perspective. 
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Component 

Valves 

Table A-3 

Phase Size Phase*Size 

o.oO01 0.0001 0.0004 

Results of Nonparametric ANOVA to Determine Significance 
of Effects of Phase and Size on Screening Value Concentrations for Valves 
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Data for Default Zeros Emission Estimates 1 
15:45 Tuesday, October 20, 1992 

A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 

032 
03 3 
036 
04 3 
044 
136 
137 
138 
142 
149 
152 
153 

A356 
A361 
A291 
A147 
A9 2 
D.ZER 
D.ZER 
D.ZER 
D.ZER 
D.ZER 
D.ZER 
D. ZER 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Regular 
Supreme 
Supreme 
Supreme 
Plus 
Premium 
Premium 
Premium 
Regular 
Regular 
Premium 
Premium 

0.00 
0.00 
o. O0 
0.25 
o. O0 
0.20 
0.25 
0.10 
0.25 
0.50 
0.00 
0.00 

.O00005707 

.O00007327 

.O00019031 

.O00006936 

.O00003923 

.O00002613 

.O00002999 

.O00001940 

.O00002743 

.O00003076 

.O00003042 

.O00023157 

N = 12 

Sample Component 
OVA Emission 
SV Rate 

Terminal 

A 
A 
A 
A 
A 
A 
B 
B 

ID 

'030 
037 
038 
040* 
041 
042 
144 
14 5 

Sample 
Terminal ID 

A 
A 
A 
A 
B 
B 
B 
B 

052* 
055 
056* 
058* 
13 9 
140 
14 6 
147 

- 

ID Load Product (PPm) (lbs/hr) 

A509 
A1679 
A1502 
A972 
A1519 
A1523 
D. Z E R  
D.ZER 

N = 8  

Interface 
Regular 
Regular 
Supreme 
VRU 
VRU 
Premium 
Premium 

0.75 
0.00 
o. 10 
0.10 
0.00 
0.00 
0.75 
0.35 

.O000017499 

.O000063686 

.O000026643 

.O000057232 

.O000073704 

.O000066932 

.O000013937 

.O000030918 

Component 
ID 

A193 
A110 
A8 O 
A8 O 

D.ZER 
D.ZER 
D.ZER 

De ZER 

Load 

N 
N 
Y 
N 
N 
N 
N 
N 

N = 8  

Product 

Regular 
Plus 
Plus 
Plus 
Premium 
Clear 
Premium 
Regular 

OVA 
sv 

(PPm) 

0.00 
0.35 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 . 0 0  

Emission 
Rate 

(lbs/hr) 

.O0001710 

.O0004448 . O0001059 

.00002202 

.O0003646 

.O0003167 

.O0013821 
00002910 
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15:45 Tuesday, October 20, 1992 
Data for Default Zeros Emission Estimates 

---__----.------.----. Component*Type=Valve Service=Gas ------------------o---- 

mission 

Terminal ID ID Load Product (PPm) (lbc/hr) 

OVA 
Sample Component sv Rate 

D 
D 
D 
D 
D 
D 
D 
D 

76 
77 
78 
79 
8 1  
82  
83 
84 

235 
1 5 1  
68 
344 
344 
345 
343 
346 

VRU 
VRU 
VRU 
VRU 
VRU 
VRU 
VRU 
VRU 

0.00  .O00004327 
0.00 .O00004447 
0.00 .O00017608 
0.00 .O00004590 
0.00 .O00005261 
0.75 .O00004334 
0.00 .O00002774 
0 .25  ,000005840 

N = 8  

Terminal 

A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 

Sample 
ID 

04 5 
04 6 
047 
04 8 
049 
050* 
132 
133 
134 
135 
14 1 

Component 
ID 

A7 2 
A181 
A178 
A19 1 
A3 
.A3 3 
D.ZER 
D. Z E R  
D. ZER 
D.ZER 
D.ZER 

Load 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N = 11 

Product 

Plus 
Regular 
Regular 
Regular 
Plus 
Supreme 
Premium 
Premium 
Premium 
Premium 
Regular 

OVA 
sv 

( PPm) 

0.30 
0 .20  
0 .10  
0.00 
0.15 
o. O 0  
0.25 
0.00 
0.00 
0 .10  
0.00 

Emission 
Rate 

(lbs/hr) 

.O00002516 

.O00001948 
, 000001453 
,000004315 
.O00011740 
.O00004301 
.O00002037 
.O00002277 
.O00002491 
.O00002085 
.O00004856 

                                      
                                         
                                      
                                         



A P I  PUBL*45881 93 H 0732290 0513b48 5Tb 

CORRELATION EQUATION EMISSIONS DATA 

                                      
                                         
                                      
                                         



A P I  PUBLx4588b 93 m 0732290 05L3b49 432 m 

Data for LOG10 Correlation Equations 1 
15:46 Tuesday, October 20, 1992 

Sample 
Terminal Id 

A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
D 
D 
D 
D 
D 
D 
D 
D 

:O08 
'O10 
012* 
o19 
022 
023 
025 
027* 
061 
07 4 
07 6 
078 
085 
086 
089 
098 
100 
103 
104 
105 
119 
122 
123 
124 
127 
128 
129 
130 
47 
50 
51 
60 
88 
91 
93 
95 

Phase 

LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
Gas 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
Gas 
LL 
LL 
Gas 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
U 
U 
U 
LL 
U 
U 
U 
U 

Measured 
Emission Rate 

(lbs/hr) 

. O007019 . O006776 

.O004731 

.O019859 

.O010145 

.O005724 

.O001528 . O008281 . O000208 . O000942 . O021289 . O000337 

.O001204 . O001197 

.O003064 . O016740 

.O006099 

.O001938 * 

.O000575 

.O000382 

.O001126 

.O000416 

.O000319 

.O000092 

.O000123 

.O005671 . 0000865 

.O000355 

.O000711 

.O001389 

.O015803 

.O003076 

.O000627 

.O000228 

.O000981 

.O000988 

Log (Conc) 

-3.15370 
-3.16904 
-3.32509 
-2.70204 
-2.99375 
-3.24231 
-3.81585 
-3.08191 
-4.68154 
-4.02612 
-2.67184 
-4.47223 
-3.91941 
-3.92183 
-3.51377 
-2.77624 
-3.21478 
-3.71258 
-4.24006 
-4.41791 
-3.94842 
-4.38042 
-4.49670 
-5.03537 
-4.90992 
-3.24636 
-4.06305 
-4.44964 
-4.14798 
-3.85742 
-2.80126 
-3.51203 
-4.20273 
-4.64231 
-4.00820 
-4.00523 

Screening Value 
( PPm 1 

171.5 
270.0 
621.5 
37.5 

372.5 
94.0 
141.5 
27.5 
37.5 
670. O 
997. O 
23.0 
96.0 
112. o 
392. O 
940.0 
30.0 

511.0 
45. O 
30.0 
87.0 
50.0 
34.5 
35.0 
46.0 
41. O 
42.5 
23.0 

1096.5 
1096.5 
6996.0 
420.0 
321.0 
317.0 
446.5 
542. O 

Log (SV) 

2.23426 
2.43136 
2.79344 
1.57403 
2.57113 
1.97313 
2.15076 
1.43933 
1.57403 
2.82607 
2.99870 
1.36173 
1.98227 
2.04922 
2.59329 
2.97313 
1.47712 
2.70842 
1.65321 
1.47712 
1.93952 
1.69897 
1.53782 
1.54407 
1.66276 
1.61278 
1.62839 
1.36173 
3.04001 
3.04001 

2.62325 
2.50651 
2.50106 
2.64982 
2.73400 

3.84485 

N = 36 
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Measured 
Sample Emission Rate Screening Value 

Terminal Id Phase (lbs/hr) Log (Conc) (PPm) Log ( SV) 

A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

O 17 
018 
060 
062 
'113 
114 
117 
118 
121 
12 5 
12 6 
41 
43 
44 
52 
56 
57 
59 
61 
64 
66 
67 
68 
69 

Gas 
Gas 
LL 
Gas 
Gas 
LL 
LL 
LL 
Gas 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
Gas 
U 
LL 
LL 
LL 
LL 
LL 

O. 00877 
0.00296 
O. 00048 
O. 00080 
O. 00016 
O. 00004 
o. 00001 
o. 00001 
O. 00649 
o. 00001 
O. 00006 
O. 00017 
O 00013 
O. 00028 
0.00024 
o. 00001 
O. 00006 
0.10398 
O. 00006 

O. 00003 
O. 00004 
o. O0009 
o. 00002 

O 00003 

-2.05716 
-2.52834 
-3.32233 
-3.09657 
-3.78513 
-4.40076 
-4.97196 
-4.84552 
-2.18806 
-4.84967 
-4.23108 
-3.75923 
-3.89486 
-3.55385 
-3.62344 
-5.23597 
-4.24408 
-0.98305 
-4.18785 
-4.54076 
-4.59813 
-4.39535 
-4.03077 
-4.65326 

1096. O 3.03981 
2498.5 3.39768 
145.5 2.16286 
19.5 1.29003 
70.0 1.84510 
33.0 1.51851 
75.0 ' 1.87506 
76.0 1.88081 
387. O 2.58771 
18.0 1.25527 
45.0 1.65321 
70.0 1.84510 
15.0 1.17609 
10.5 1.02119 
96.0 1.98227 
3.0 O. 47712 

79.0 1.89763 
15594.5 4.19297 

26.5 1.42325 
5.5 0.74036 
4.5 0.65321 
6.0 0.77815 

46.5 1.66745 
6.0 0.77815 

N = 24 
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Data for LOG10 Correlation Equations 3 

15:46 Tuesday, October 20, 1992 

Terminal 

A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

Sample 
Id 

003 
03 1 
039* 
059 
066 
068 
072 
07 3 
079 
084 
095 
096 
108 
111 
14 3 
150 

Phase 

LL 
LL 
U 
LL 
LL 
LL 
LL 
Gas 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 

Measured 
Emission Rate 

(lbs/hr) Log (Conc) 

O. 00182 -2.74067 
o. 00001 -5.19435 
0.00001 -5.16172 
o. 00010 -3.99853 
O. 00062 -3.20776 
O. 00124 -2.90553 
o. 00002 -4.61934 
O. 00008 -4.11233 
O. 00118 -2.92904 
0.00169 -2.77312 
0.00191 -2.72001 
0.00387 -2.41263 
O. 11072 -0.95577 
O. 00003 -4.54679 
o. 00000 -5.61789 
0.00000 -5.40235 

Screening Value 
(PPm) 

210.00 
8.00 
1.75 

51.00 
142.00 
93.00 
175.50 
296.00 
495.00 
1186.00 
1039.00 
990.00 

7992.00 
545.50 

1.00 
2.00 

Log (SV) 

2.32222 
0.90309 
O. 24304 
1.70757 
2.15229 
1.96848 
2.24428 
2.47129 
2.69461 
3.07408 
3.01662 
2.99564 
3.90266 
2.73679 
o. 00000 
O. 30103 

N = 16 

Measured 
Sample Emission Rate Screening Value 

Terminal Id Phase (lbs/hr) Log (Conc) (PPm) Log (SV) 

A 
A 
B 
B 
D 
D 
D 
D 
D 
D 
D 
D 

014 
015 
069 
071 
02 
03 
05 
17 
18 
20 
34 
35 

U 
LL 
U 
LL 
U 
U 
LL 
U 
U 
U 
U 
U 

0.000147 
O. 000144 
O. 000056 
O. 001468 
O. 000764 

0.003893 
O. 002037 
O. 000084 
O. 000055 
O. 000068 
O. 000013 

0.029050 

-3.83203 
-3.84312 
-4.25003 
-2.83336 
-3.11671 
-1.53685 
-2.40976 
-2.69097 
-4.07401 
-4.25839 
-4.16816 
-4.90125 

7.5 
5.0 
20.0 
43.0 

8945.5 
4488. O 
10995. O 
6868. O 
45.5 
2.0 

95.0 
24.5 

O. 87506 
O. 69897 
1.30103 
1.63347 
3.95160 
3.65205 
4.04120 
3.83683 
1.65801 
0.30103 
1.97772 
1.38917 

N = 12 
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Terminal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Sample 
Id 

004 
005 
006 
007 
020 
021 
024 
028 
029 
034 
067 
07 5 
077 
080 
081 
082. 
083 
087 
088 
O90 
092 
093 
094 
097 
o99 
106 
107 
109 
116 
151 
08 
o9 
11 
12 
14 
16 
21 
23 
25 
27 
32 
33 
73 
85 
90 
92 

Phase 

LL 
LL 
LL 
LL 
U 
LL 
LL 
LL 
LL 
LL 
U 
U 
U 
LL 
LL 
LL 
U 
LL 
LL 
LL 
LL 
U 
LL 
LL 
LL 
LL 
U 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
U 
U 
U 
U 
U 
U 
LL 
LL 
U 
LL 
LL 

Measured 
Emission Rate 

(lbs/hr) 

.O029656 

.O008128 

.O000052 

.O001188 . O000600 

.O000353 

.O001295 

.O001538 

.O013766 . 0006447 

.O009157 

.O000336 

.O001137 . 0001106 

.O000217 . 0000766 . 0001081 

.O000864 

.O000356 

.O000316 

.O000532 

.O000842 

.O001279 . 0003157 . 0007034 

.O001372 

.O001397 

.O002649 

.0000099 

.O000045 

.O006059 

.O043482 

.O052703 

.O067283 

.O035476 

.O022909 
0041507 
.O031483 
.O015669 
.O005156 . 0009667 . 0000190 
.O009272 
.O005467 
.O000505 

0061519 

Log (Conc) 

-2.52789 
-3.09001 
-5.28050 
-3.92533 
-4.22215 
-4.45197 
-3.88776 
-3.81293 
-2.86119 
-3.19065 
-3.03824 
-4.47356 
-3.94432 
-3.95644 
-4.66364 
-4.11578 
-3.96621 
-4.06335 
-4.44887 
-4.50066 
-4.27398 
-4.07489 
-3.89299 
-3.50073 
-3.15283 
-3.86277 
-3.85487 
-3.57692 
-5.00559 
-5.34470 
-3.21758 
-2.36169 
-2.27816 
-2.21099 
-2 . 17209 
-2.45007 
-2.63999 

-2.50192 
-2.80496 
-3.28767 
-3.01471 
-4.72088 
-3.03282 
-3.26224 
-4.29713 

-2.38188 

Screening Value 
(PPW 
2257.50 
4545.00 

10.00 
205.00 
75.00 
34.00 
124.00 
71.50 

2147.50 
187.50 

3243.00 
22.00 
22.00 

109.00 
18.00 
45.00 
116.00 
181.00 
28.50 
59.50 

588.00 
119.00 
691.00 
132.00 
52.50 
116.00 
61.00 

496.50 
11.50 
4.25 

4996.50 
5494 . O 0  
3844.00 ’ 

3389.00 
3302.00 
5434.00 
2745.00 
8994.00 
10981.00 
8091.00 

20897.00 
21994 . O 0  
524.00 

4246.50 
2744.00 

74 . O 0  

Log (SV) 

3.35363 
3.65753 
1.00000 
2.31175 
1 87506 
1.53148 
2.09342 
1.85431 
3.33193 
2 . 27300 
3.51095 
1.34242 
1.34242 
2.03743 
1.25527 
1.65321 
2.06446 
2.25768 
1.45484 
1.77452 
2.76938 
2.07555 

2.12057 
1.72016 
2.06446 
1.78533 
2.69592 
1.06070 
O. 62839 
3.69867 
3.73989 

3.53007 

3.73512 
3.43854 
3.95395 
4.04064 
3 .go800 
4.32008 
4.34230 
2.71933 
3.62803 
3.43838 

2.83948 

3 58478 

3 51878 

i. a6923 

N = 46 
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B3 

PEGGED SOURCES EMISSIONS DATA 
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1 
15:50 Tuesday, October 20, 1992 

Pegged Emission Estimates 

----------.------------ Component*Type=Conct phase=Gas ........................ 
Measured Calculated 

OVA Pegged Emission Emission 
Sample Component sv cv Rate Rate 

TERMINAL ID ID Load (ppm) (ppm) (lbs/hr) (at 100,000)  

A 013 A1067 N 100000 100000 .O061182 O .  46958 
B 1 2  o -9 8 4 N 100000 100000 .O007895 0.46958 

N = 2  

Measured Calculated 
OVA Pegged Emission Emission 

Sample Component sv sv Rate Rate 
TERMINAL ID ID Load (ppm) (ppm) (lbs/hr) (at 100,000)  

B '112 - 515 N 100000 100000 0.000464 0.39013 
D 39 315 N 310000 100000 0.096954 0.39013 
D 42 232 N 400000 100000 0.095242 O .  39013 

N = 3  

Measured Calculated 
OVA Pegged Emission Emission 

Sample Component sv SV Rate Rate 
TERMINAL ID ID Load (ppm) (ppm) (lbc/hr) (at 100,000) 

D :10 1077 N 127475 100000 .O064414 O.  39013 
D 07 1077 N 300000 100000 .O047877 O .  39013 

N = 2  

Measured Calculated 
OVA Pegged Emission Emission 

Sample Component sv sv  Rate Rate 
TERMINAL ID ID Load (ppm) (ppm) (lbs/hr) (at 100,000)  

B 102 B568 N 100000 100000 0.037675 O .  46958 
B 131 B1507 N 100000 100000 0.039889 0.46958 

N = 2  
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Pegged Emission Estimates 2 
15:50 Tuesday, October 20, 1992 

------.œ---------I--œo- Component*Type=valve phase=Gas -----------------o------ 

Measured Calculated 
OVA Pegged Emission Emission 

Sample Component sv sv Rate Rate 
TERMINAL ID ID Load (ppm) (ppm) (lbs/hr) (at 100,000) 

D 54 71 Y 300000 100000 0.13351 1.08256 
D 96 71 N 300000 100000 O. 00612 1.08256 

N = 2  
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B.4 

SCREENING VALUE DATA BY SITE 
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APPENDIX C 

MASS EMISSIONS CALCULATIONS 
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c.1 

COMPARISON OF THE COMPOSITION OF RIGITIVE EMISSIONS 
TO THE COhIPOSITION OF THE LIQUID STREAMS 
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The following pages present the data from gas chromatograph analyses of 
various pairs of gas and liquid samples. Each pair of corresponding samples was taken from 
the same process stream on the same day. The mass fraction ratios presented in the text are 
computed from these data. An example calculation follows: 

Example: Ethylbenzene from Terminal "D" , gas sample DO25 and corresponding liquid 
sample D026B. 

From Table D1, the measured concentrations in the gas sample were: 

191 pg/l 
14,286 pg/l 

Ethylbenzene in the gas sample. 
Total hydrocarbons in the gas sample. 

Hence, the ethylbenzene fraction of the fugitive emission from this component was: 

Ethylbenzene = 1.34% Ethylbenzene in fugitive emission 
14,286 ugll THC 

Similarly, from Table D2, the measured concentration in liquid sample D026B was: 

12,200 mg/l Ethylbenzene in the liquid gasoline. 

Gasoline has a specific gravity of approximately 0.75. Therefore the THC concentration in 
the liquid sample was: 

750,000 mg/l Total hydrocarbons in liquid gasoline. 

Hence, the ethylbenzene fraction of the liquid stream through this component was: 

12200 = 1.63% Ethylbenzene in liquid stream 
750,000 ugll ZHC 

Finally, the ratio of the gas stream ethylbenzene fraction over the liquid stream ethylbenzene 
fraction is given in Table D4 (and in Table 5.23 in the text): 

i.34%, Ethylbenzene in gas 
1.63%6, Ethylbenzene in liquid 

= 0.82 Gas/Liquid Ratio 
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RAW DATA USED TO ESTIMATE MASS EMISSIONS 
FROM SCREENING AND BAGGED COMPONENTS 
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A003 A828 
A004 A861 
A005 A952 
A006 A964 
A007 A954 
AO08 A936 
A010 A574 
AO118AO A l l 2  
A012MO A112 
A013 A1067 
A014 A1437 
A015 Ai436 
A0168AO A30 
A017 A1169 
A018 A1412 
A019 A168 
A020 A173 
A021 A38 
A022 A42 
A023 A45 
A024 A1433 
A025 A866 
A0268AO A911 
A027MD A911 
A028 A886 
A029 A1646 
A030 A509 
A031 A337 
A032 A356 
A033 A361 
A034 A364 
AO358AD A289 
A036 A291 
A037 A1679 
A038 A1502 
A039* A972 
A040MD A972 
A041 A1519 
A042 A1523 
A043 A147 
A044 A92 
A045 A72 
A046 A181 
A047 A178 
A048 A191 
A049 A3 
AO5OBAD A33 
A050MD A33 
A052* A193 
A053MD A193 
A054 A179 
A055 A110 

DEL 
Valve 
Valve 
Valve 
Valve 
Cnct 
Cnct 
Cnct 
Cnct 
Cnct 
Pump 
Pump 
Cnct 
Valve 
Valve 
Cnct 
Valve 
Valve 
Cnct 
Cnct 
Valve 
Cnct 
Cnct 
Cnct 
Valve 
Valve 
O E L  
O E L  
Cnct 
Cnct 
Valve 
Valve 
Cnct 
O E L  
OEL 
O E L  
O E L  
O E L  
O E L  
Cnct 
Cnct 
Valve 
Valve 
Valve 
Valve 
Valve 
Valve 
Valve 
Pump 
Pump 
Pump 
Pump 

Regular 250 
Regular 3500 
Supreme 6100 
Supreme 20 
Supreme 200 
Regular 180 
Varsol 300 
P1 us 180 
P1 us 500 
VR Line >100000 
VRU 
VRU 
Sup r erne 
Gas Ld Ar 
Gas Ld Ar 
Reg wfadd 
Regular 
Sup reme 
P1 us 
Sup reme 
Regular 
Regular 
Regular 
Regular 
Regular 
P1 us 
Inter face 
Supreme 
Regular 
Supreme 
Supreme 
Regular 
Supreme 
Regular 
Regular 
Supreme 
Supreme 
VRU 
VRU 
Supreme. 
P1 us 
P1 us 
Regular 
Regular 
Regular 
P1 us 
Supreme 
Supreme 
Regular 
Regular 
Regular 
P1 u s  

10 
7 

1 O0 
2000 
2730 

40 
75 
35 

350 
1 O0 
120 
150 
30 
30 
70 

2000 
2.5 

10 
2.5 
2.5 
160 
350 

5 
2.5 
2.8 
2.5 

2 
2.2 

2 
2.5 
2.8 
2.2 
2.3 
2.5 

3 
3 . 5  
3 . 5  
3.5 
3.5 
3.5 
3.2 
3.8 

250 
1035 
3000 

20 
220 
170 
250 
170 
750 

~ 1 0 0 0 0 0  
10 
8 

100 
200 

2275 
40 
80 
38 

400 
100 
140 
140 
30 
30 
80 

2300 
4 

10 
2.5 
2.5 
220 

90 
5 

2.5 
3 

2.5 
2.2 
2.2 

2 
3 

2.8 
2.8 
2.7 
2.7 

3 

3 .5  
3 .3  
3.5 
3.5 
3.5 
4.5 

3 .8  

250 
2267.5 

4550 
20 

210 
175 
275 
175 
625 

~100000 
10 

7.5 
1 O0 

1100 
2502.5 

40 
77.5 
36.5 

375 
1 O0 
130 
145 
30 
30 
75 

2150 
3.25 

10 
2.5 
2.5 
190 
220 

5 
2.5 
2.9 
2.5 
2.1 
2.2 

2 
2.75 

2.8 
2.5 
2.5 
2.6 

3 
3.65 

3.5 
3.4 
3.5 
3 . 5  

3.35 
4.15 

40 
10 
5 

10 
5 

3 . 5  
5 
6 

3.5 
2.5 
2.5 
2.5 
2.5 

4 
4 

2.5 
2.5 
2.5 
2.5 

6 
6 

3.5 
2.5 
2.5 
3.5 
2.5 
2.5 

2 
2.5 
2.5 
2.5 

6 
5 

2.5 
2.8 
2.5 

2 
2.2 

2 
2.5 
2.8 
2.2 
2.3 
2.5 

3 
3.5 
3.5 
3.5 
3 .5  
3 . 5  
3.2 
3.8 

210 
2257.5 

4545 
10 

205 
171.5 

270 
169 

621.5 

7.5 
5 

97.5 
1096 

2498.5 
37.5 

75 
34 

372.5 
94 

124 
141.5 
27.5 
27.5 
71.5 

2147.5 
0.75 

8 
O 
O 

214 
O 
O 

0 .1  
O 

0 . 1  
O 
O 

0.25 
O 

0.3 
0.2 
o.  1 

O 
0.15 

O 
O 
O 
O 

0.15 
0.35 

187.5 

450 
200 
30 

6 
12 

170 
80 

120 
170 

>100000 
16 

3 .5  
225 
500 

7000 
250 
25 
12 

120 
1 O0 
34 
24 

130 
110 
30 

140 
2 .5  
2.5 
1.9 
2 .3  

75 
31 

6.5 
2.2 
2.7 
1.7 
1.7 
1.8 
1 .8  
2.5 
2.9 
2.5 
2.6 
2.6 
3.3 
3 . 8  
3 . 4  
3.1 
3.2 
3.2 
3.6 
4 .5  

250 
37 
50 

5 
13 

140 
90 

120 
130 

21 00000 
17 

3 .5  
250 
350 

7000 
225 
22 
11 

130 
95 
26 
22 

110 
110 
29 

140 
3 . 5  
2.7 
2 .6  
2.2 

75 
30 

9 . 5  
2.3 
2.7 
4.8 
1.9 

2 
1.8 
2.5 
3 .2  
2.5 
2.3 

2.9 
3.6 
3.4 
2.9 
3.2 
3.2 
3 . 5  
4 .5  

2 .8  

26.7 9345.0 
22 2607.0 

24.4 976.0 
24.4 134.2 
24.4 305.0 
10.5 1627.5 
10.5 892.5 
10.5 1260.0 
10.5 1575.0 
9.7 ~ 1 0 0 0 0 0  
9 .5  156.8 
9 . 5  33.3 
9 .5  2256.3 
9.1 3867.5 
9.1 63700.0 
8 .5  
8 .5  

11.9 
11.9 
11.9 
12.5 
12.5 
12 .5  
12.5 
10.9 
10.9 
12.9 
12.9 
12.9 
12.9 
9.5 

10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
12.7 
12.7 
12.7 
11.1 
11.1 
11.1 
12.2 

11 
11 
11 
12 

2018.8 
199.8 
136.9 

1487.5 
1160.3 
375.0 
287.5 

1500.0 
1375. O 
321.6 

1526.0 
38.7 
33.5 
29.0 
29.0 

712.5 
308.1 

80.8 
22.7 
27.3 
32.8 
18.2 
19.2 
18.2 
25.3 
30.8 
31.8 
3 1 . 1  
34.3 
34.4 
41.1 
37.7 
36.6 
35.2 
35.2 
39 .1  
54.0 

                                      
                                         
                                      
                                         



API PUBL*4588b 93 0732290 0513801 327 W 

BAGGING RESULTS AND MASS E M I S S I O N S  
TERMINAL "A" OVA OVA AVG 

I n i t  F ina l  Avg OVA I n i t  F ina l  OVA 
Sample Cmpnt Cmpnt Product Screen Screen Screen Bkgnd Screen Bag Bag D i  1 Bag 
I D  IO Type Conc Conc Conc Conc Conc Conc Conc R a t i o  Ppm 

ææ========== ===========Ip=I======--===.11===æ===----=----------------=-------=========æ========================*-======= ---- ______-_-__--_-- -__---- 
AO%* A80 Pump Plus 4.5 3.8 4.15 4.5 O 3.5 4 . 1  12 45.6 
A057' A80 Pump Plus 4.5 3.8 4.15 4.5 O 4 . 1  3.7 12 46.8 
AOSBMO ABO Pump Plus 4.5 3 .8  4.15 4.5 O 3.7 3.2 1 2  41.4 
A059 A1401 OEL Supreme 60 50 55 4 51 14 9 11.1 127.7 
A060 A1317 l d  A n n  VaRegular 140 160 150 4.5 145.5 100 100 11.1 1110.0 
A061 Cnct Regular 50 45 47.5 10 37.5 9 9 11.1 99.9 
A062 A1323 VRLine VR gas 25 19 22 2 .5  19.5 170 180 10 1750.0 

Notes : 

1. Xthc = mole f r a c t i o n  o f  THC = volume % ( i . e .  10.000 ppm = 1% = .O1 mole f r a c t i o n  
Xo2 = mole f r a c t i o n  o f  02 
Xn2 = mole f r a c t i o n  o f  N2 

2. MD stands f o r  method d u p l i c a t e  ( t e n t  recons t ruc ted) .  These are  
used as separate data p o i n t s .  
BAD means t h a t  t h e  data i s  i n v a l i d  because of excessive v a r i a t i o n  i n  the  
i n i t i a l / f i n a l  screening values or a leak  i n  the  t e n t .  

Bag I016 I n i t i a l / F i n a l  OVA values fo r  t h e  bag, cor rec ted  10/1/92 by Ron Ricks.  (Bad run anyway. h i g h l y  v a r i  

FOOTNOTE REGARDING HEXANE RESPONSE CORRECTION FACTOR 

The Byron was c a l i b r a t e d  us ing  4 concent ra t ions  of propane 10. 100, 1000. and 10,000 ppmv. These samples 
came from t h e  same vendor. 
two d i f f e r e n t  

Dur ing the  work a t  S i t e  D. the  Byron was checked w i t h  two samples o f  hexane from 
vendors, a 100 ppmv sample and a 1000 ppmv sample. 

When hexane i s  read on an inst rument  c a l i b r a t e d  t o  propane, you expect i t  t o  r e g i s t e r  a f i a t  mass response 
ppmv, w i t h  a s l i g h t  adjustment f o r  FIO mass s e n s i t i v i t i e s  t o  hexane and propane, which are  1.03 
and 0.98 r e s p e c t i v e l y .  Thus, 100 ppmv hexane should r e g i s t e r  as 
(1OOppmv) * (86.17/44.19) (1.03/98) = 205 ppmv 
The Byron reading,  however was 152 ppmv. 
gas vendor) 
problem was w i t h  the  o r i g i n a l  s e r i e s  o f  propane ca l  gases. 

L i n e a r i t y  was checked with a 1000 ppmv sample o f  hexane ( d i f f e r e n t  
Subsequent t e s t i n g  o f  t h e  c a l i b r a t i o n  gas sample t h a t  i s  s t i l l  i n  t h e  shop i n d i c a t e s  t h a t  t h e  

Because t h e r e  was c l e a r l y  a systemic b ias ,  
va lue t h a t  s imulates what i t  would have been i f  hexane had been the  c a l i b r a t i o n  gas. The c o r r e c t i o n  f a c t o r  i s  
205/152 or  1.35 t imes t h e  repor ted  va lue 

an adjustment f a c t o r  has been incorpora ted  t h a t  r e s u l t s  i n  a Byron ppnm 

                                      
                                         
                                      
                                         



API PUBL+Y5881 93 0732290 0513802 263 

A003 
A004 
A005 
A006 
A007 
AO08 
AO10 
AO110AO 
AO12MD 
A013 
A014 
A015 
AO16BAD 
A017 
A018 
AO19 
A020 
A021 
A022 
A023 
A024 
A025 
A0260AO 
A027MO 
A028 
A029 
A030 
A031 
A03 2 
A033 
A034 
A0358AD 
A036 
A037 
A038 
A039' 
A040MO 
A04 1 
A042 
A043 
A044 
A045 
A046 
A047 
A048 
A049 
A050BAO 
AOSOMO 
A052* 
A053MO 
A054 
A055 

6065 
550 
980 
8.4 
135 

1039 
1018 
1956 
700 

7300 
38 
40 

1000 
4920 
3883 
1750 

15 
52 

1455 
024.5 

186 
225 
150 

1200 
200 

1775 
2.3 
9.5 
7.9 

11.5 
920 
44 5 

27 
8.6 
3.7 
9.9 
7.5 

10.4 
9 . 1  
9.2 
5 . 1  
3.4 
2.9 

2 
6.2 

15.5 
6.4 
5.6 
6.4 
7.4 

14.5 
17.4 

6064 
548 
979 

8 
135 

1039 
1018 
1956 
700 

7300 
37 
40 

1000 
4919 
3882 
1750 

14 
52 

1455 
824 
186 
225 
150 

1200 
200 

1775 
2 
9 
8 

11 
920 
445 
27 

9 
4 

10 
7 

10 
9 
9 
5 
3 
3 
2 
6 

15 
6 
6 
6 
7 

14 
17 

9471 
857 

1533 
13 

211 
1633 
1597 
3066 
1100 

11356 
59 
62 

1564 
7664 
6049 
2746 

23 
82 

2286 
1296 
292 
3 54 
236 

1886 
314 

2782 
4 

15 
12 
18 

1446 
699 
42 
13 
6 

15 
11 
16 
14 
14 
8 
5 
5 
3 

10 
24 
10 
9 
9 

11 
21 
27 

12786 
1157 
2070 

1 7  
285 

2204 
2156 
4140 
1486 

15331 
79 
84 

2112 
10347 
8167 
3707 

31 
110 

3086 
1750 
395 
478 
319 

2546 
425 

3756 
5 

20 
17 
24 

1952 
944 

57 
18 
8 

21 
16 
22 
19 
19 
11 

7 
6 
4 

13 
33 
13 
12 
12 
14 
29 
36 

524 
6152 
1086 
1519 
532 
661 

1571 
1550 
2482 
1233 
7836 
581 
576 

1533 
5430 
4406 
2273 
547 
576 

1973 
1352 
724 
763 
68 1 

1726 
707 

528 

536 
54 1 
540 
549 
538 

0.88 
13.00 
2.13 
1.95 
2.54 
1.99 
2.01 
2.03  
2.02 
2.31 
9.58 
9.15 

11.34 
4.70 
1.91 
3.19 

10.02 
2.01 
2.11 
2.07 
2.03 
2.05 
2.11 
2.11 
2.29 
2.17 
2.24 
1.99 
2.16 
1.91 
2.07 
2.07 
2.07 
2.17 
2.13 
2.03 
2.14 
2.13 
2.22 
2.28 
2.33 
2.21 
2.03 
2.24 
2.13 
2.34 
2.06 
2.34 
7.57 
7.60 

14.53 
7.60 

0.4 
5 
4 

0.3 
2.4 

0.55 
0.2 

1 
0.6 
1.5 
4.4 
4.3 
3.2 
3.2 
3.8 

1 
4.9 
0.4 
0.4 
0.4 
0.9 
0 . 1  
0.3 
0.3 
0.3 
0.9 
0.2 
0.3 
0.2 
0.3 
0.5 
0.6 

1 
0.5 
0.3 
0.5 

2 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 
3 .6  
3.2 
4.8 
1.7 

0 . 4  
4 

2.4 
1 

0.9 
0.7 
0.2 
1 .7  
0.6 
2.5 
4.4 
3.6 
4 . 1  
3 . 1  
4 . 2  

1 
3.5 
0.5 
0.4 
0.4 
0.4 
0.3 
0.4 
0.4 

1 
2.6 
0.2 
0.3 
0.3 
0.3 
0.7 
1.1 
0.7 
0.4 
0.3 
O.? 
1.0 
0.4 
0 . 4  
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 
3.2 
3.0 
5.2 
1.2 

0.4 
4.5 
3.2 

0.65 
1.65 

O. 625 
0.2 

1.35 
0.6 

2 
4.4 

3.95 
3.65 
3.15 

4 
1 

4.2 
0.45 

0.4 
0.4 

0.65 
0.2 

0.35 
0.35 
0.65 
1.75 
0.2 
0.3 

0.25 
0.3 
0.6 

0.85 
0.85 
0.45 

0.3 
0 .6  
1.9 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 
3.4 
3.5 

5 
1.45 

                                      
                                         
                                      
                                         



API PUBL*4S&BL 93 D 0732290 0513803 L T T  D 

BAGGING R n e t  n e t  Byron 
TERM I NAL Byron Byron Ad jus td  t o  

THC THC as THC as HEXANE THC 
Sample Byron PROPANE PROPANE Response Tracor N2 I n i t  F i n a l  o2 

IO wrnv PPV PP ppmw ppmv l / rn in %O 2 %O2 x 

A056' 4.4 4 7 9 7.60 1 1 .4  1.2 
A05?* 7.60 1.4 1.4 1 .4  
AOSBMD 8.7 a 13 18 526 7.75 1 .6  0.8 1.2 
A059 104 103 161 217 536 2.22 4.6 6 5.3 
A060 504 583 915 1236 632 2.21 O.  7 4 2.35 
A061 28.5  28 44 60 528 2.20 0.2 0.8 O. 5 
A062 869 868 1355 1830 2.09 4 .6  6.5 5.55 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

                                      
                                         
                                      
                                         



A P I  PUBL*4588L 93 m O732290 0533804 036 m 

A003 6.07E-03 
A004 5.50E-O4 
A005 9.8OE-04 
A006 8.40E-06 
A007 1.35E-04 
AO08 1.04E-03 
A010 1.02E-03 
AO11BAO 1.96E-03 
AOlZMO 7.00E-04 
A013 7.30E-03 
A014 3.80E-05 
A015 4.00E-05 
AO168AO 1.00E-03 
A017 4.92E-03 
A018 3.88E-03 
A019 1.75E-O3 
A020 1.50E-05 
A021 5.2OE-O5 
A022 1.46E-03 
A023 8.25E-04 
A024 1.86E-04 
A025 2.25E-04 
A0268AO 1.50E-04 
A027MO 1.2OE-O3 
A028 2.00E-04 
A029 1.78E-03 
A030 2.30E-06 
A031 9.50E-06 
A032 7.90E-06 
A033 1.15E-05 
A034 9.2OE-O4 
A0358AO 4.45E-04 
A036 2.70E-05 
A037 8.60E-06 
A038 3.70E-06 
A039* 9.90E-O6 
A040MO 7.50E-06 
A041 1.04E-O5 
A042 9.10E-06 
A043 9.2OE-O6 
A044 5.10E-06 
A045 3.40E-06 
A046 2.90E-06 
A047 2.00E-06 
A048 6.2OE-O6 
A049 1.55E-O5 
A050BAO 6.40E-06 
AOSOMO 5.6OE-O6 
A052* 6.4OE-06 
A053MD 7.40E-06 
A054 1.45E-05 
A055 1.74E-05 

O. 004 
0.045 
O. 032 
O. 007 
0.017 
O. 006 
o .  002 
0.014 
O. O06 
0.020 
O. 044 
O. 040 
0.037 
O. 032 
O. 040 
0.010 
0.042 
0.005 
0.004 
O. 004 
O.  007 
o. O02 
O.  004 
O.  004 
0.007 
0.018 
o. 002 
O.  003 
0.003 
O.  003 
O.  006 
o. O09 
o. O09 
O. O05 
O. 003 
O. 006 
0.019 
O. O04 
O. 004 
0.003 
O.  003 
0.003 
O.  003 
O.  004 
0.003 
0.003 
O.  003 
O.  003 
O.  034 
O.  035 
o. O50 
0.015 

0.990 28.238 
0.954 28.200 
0.967 28.164 
0.993 28.026 
0.983 28.071 
0.993 28.063 
0.997 28.112 
0.985 28.124 
0.993 28.049 
0.973 28.347 
0.956 28.177 
0.960 28.159 
0.963 28.183 
0.964 28.306 
0.956 28.302 
0.988 28.104 
0.958 28.169 
0.995 28.020 
0.995 28.068 
0.995 28.048 
0.993 28.033 
0.998 28.016 
0.996 28.020 
0.995 28.058 
0.993 28.033 
0.981 28.134 
0.998 28.008 
0.997 28.012 
0.997 28.010 
0.997 28.012 
0.993 28.059 
0.991 28.050 
0.991 28.035 
0.995 28.018 
0.997 28.012 
0.994 28.024 
0.981 28.076 
0.996 28.016 
0.996 28.016 
0.997 28.012 
0.997 28.012 
0.997 28.012 
0.997 28.012 
0.996 28.016 
0.997 28.012 
0.997 28.013 
0.997 28.012 
0.997 28.012 
0.966 28.136 
0.965 28.140 
0.950 28.201 
0.985 28.059 

0.05 
0.99 
0.15 
0.12 
0.17 
0.12 
o. 12  
O. 13 
0.12 
0.15 
0.73 
0.68 
0.82 
0.33 
0.14 
0.20 
0.75 
0.12 
0.13 
0.13 
O .  13 
0.12 
O. 13 
0.13 
O. 14 
0.14 
O .  14 
o.  12 
O.  13 
o. 12 
0.13 
0.13 
0.13 
O. 13 
0.13 
O. 13 
O. 14 
O. 13 
O. 14 
O .  14 
0.14 
O. 13 
0.12 
0.14 
0.13 
O. 14 
0.13 
0.14 
0.54 
0.55 
1.14 
0.49 

519 1.82E-03 
528 2.97E-03 
522 8.13E-04 
536 5.24E-06 
539 1.19E-04 
524 7.02E-04 
526 6.78E-04 
532 
532 4.73E-04 
526 6.12E-O3 
533 1.47E-04 
536 1.44E-04 
543 
536 8.77E-03 
533 2.96E-03 
510 1.99E-03 
523 6.00E-05 
523 3.53E-OS 
532 1.01E-03 
524 5.72E-04 
518 1.29E-04 
527 1.53E-04 
538 
538 8.28E-04 
531 1.54E-04 
526 1.38E-03 
507 1.75E-06 
517 6.39E-06 
520 5.71E-06 
525 7.33E-06 
525 6.45E-04 
53 1 
525 1.90E-05 
515 6.37E-06 
513 2.66E-06 
516 6.89E-06 
519 5.72E-06 
528 7.37E-06 
530 6.69E-06 
529 6.94E-06 
526 3.92E-06 
519 2.52E-06 
523 1.95E-06 
530 1.45E-06 
533 4.32E-06 
539 1.17E-05 
534 
533 4.27E-06 
532 1.71E-05 
532 2.02E-05 
540 8.38E-05 
543 4.45E-05 

15.92 
25.98 

7 . 1 2  
0.05 
1.04 
6.15 
5.94 

Screen OVA missed the l e a k  point  on 
4.14 

53.60 
1.29 
1.26 

High v a r i a b i l i t y  i n  screen ppm & h i g  
76.80 I n i t i a l / f i n a l  screen 1 O : l .  but t h i s  
25.95 
17.40 
0.53 
0.31 
8.89 
5.01 
1.13 
1.34 

7.25 
1.35 

12.06 
0.02 
0.06 
0.05 
0.06 
5.65 

O. 17 
O .  06 
0.02 
0.06 Used as d e f a u l t  zero 
0.05 Method dup o f  A039 
O .  O6 
0.06 
0.06 
0.03 
0.02 
0.02 
0.01 
0.04 
0.10 

0.04 
O .  15 
o. 18 
0.73 
0.39 

Leak i n  bag 

I n i t i a l / F i n a l  OVA screen unacceptabl 

Oup A051 was a b e t t e r  sample. 
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BAGGING R 
TERMINAL MASS E M I S S I O N  RATES 

Sample _-_-___--___--______---------------- Q Temp E.R. E . R .  
IO Xthc x02 Xn2 MU m31hr deg R l b / h r  l b l y r  

A056* 4.40E-06 0.012 0.988 28.048 0.48 544 1.06E-05 0.09 
A057* 0.014 0.986 28.056 0.49 544 No Byron Data 
A058MO 8.70E-06 0.012 0.988 28.048 0.49 544 2.20E-05 0.19 Method dup o f  A057 
A059 1.04E-04 0.053 0.947 28.216 0.18 526 1.00E-04 0.88 
A O ~ O  5 . a 4 ~ - 0 4  0.024 0.976 28.115 0.15 527 4.76E-04 4.17 
A061 2.85E-05 0.005 0.995 28.021 0.14 528 2.08E-05 0.18 
A062 8.69E-04 0.056 0.944 28.254 0.17 533 8.01E-04 7 . 0 1  

_---------------_-- Computation o f  gas bag MW 

=-======= ----=æI=5P===t5=======P==lrl===-====------------ææ---------ææ==-æ==-------- --- -------- --------- - -----_-- 
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B 65 8279 
8 66 8287 
8 67 8276 
8 68 8260 
B 69 81422 
B 70 81432 
B 71 81477 
8 72 * 81525 
B 73 SO 81525 
B 74 81487 
B 75 8022 
8 76 8013 
8 77 8004 
8 78 8219 
B 79 8039 
B 80 8057 
B 81  BO53 
B 82 8054 
8 83 BO71 
8 84 8092 
8 85 * 8108 
8 86 SO 8108 
8 87 8077 
B 88 BO94 
8 89 8146 
8 90 8157 
8 92 8118 
8 93 8119 
8 94 6245 
8 95 B260 
B 96 SD 8260 
8 97 8237 
B 98 8531 
8 99 8479 
8100 81436 
8101 8570 
8102 8568 
8103 81538 
8104 81528 
8105 8534 
8106 * 8370 
8107 SD 8370 
8108 8351 

B110 6393 
8111 8433 
8112 8615 
8113 8615 
8114 8617 
8115 8646 
8116 8704 
8117 * 8742 

Bio9 8370 

Other [ PRVEC-P 
OEL 
Valve 
DEL 
Pump 
Valve 
Pump 
O E L  
OEL 
Conct 
Valve 
Conct 
Valve 
Conct 
OEL 
Valve 
Valve 
Valve 
Valve 
DEL 
Conct 
Conct 
Valve 
Valve 
Conct 
Valve 
Valve 
Valve 
Va 1 ve 
OEL 
OEL 
Valve 
Conct 
Valve 
Conct 
Hatch 
Hatch 
Conct 
Conct 
Conct 
Valve 
Valve 
DEL 
Valve 

Pump 
OEL 

Supreme 
Supreme 
Supreme 
VR 
V R  
VR 
VR 
VR 
VR 
Regular 
Regular 
Regular 
Regul a r  
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Regular 
Premi um 
Premi um 
Premi um 
Premi um 
Supreme 
Supreme 
Supreme 
Supreme 
VR 
Unid Gas 
VR 
VR 
VR 
VR 
VR 
VR gas 
Regular 
Regular 
Regular 
Regular 
Clear  UL 
Regular 

Ld. Arm V V R  gas 
Ld. Arm VVR gas 
Load Arm Regular 
Conct Premi um 
Valve Premium 
Load A n n  Regular 

80 
140 

3000 
100 
25 

400 
50 

160 
300 
700 
25 

1000 
25 
25 

500 
120 
25 
50 

120 
1200 
110 
120 
200 

35 
400 

60 
600 
120 
700 

1000 
1000 

140 
1000 

60 
50 

1000 
>100000 

500 
60 
60 

140 
70 

8000 
500 

50 
500 

~ 1 0 0 0 0 0  
1 O0 
40 

1 DOO 
15 
80 

80 
160 

3500 
1 O0 
25 

200 
50 

200 
300 
700 

25 
1000 

25 
30 

500 
110 
25 
50 

125 
1200 

98 
120 
180 
40 

400 
75 

600 
140 
700 

1100 
1 O00 

140 
900 

65 
50 

1000 
~ 1 0 0 0 0 0  

550 
70 
50 

110 
70 

8000 
500 

50 
600 

>100000 
1 O0 
35 

1 O0 
15 
80 

80 
150 

3250 
100 
25 

300 
50 

180 
300 
700 

25 
1 O00 

25 
27.5 

500 
115 
25 
50 

122.5 
1200 
104 
120 
190 

37.5 
400 

67.5 
600 
130 
700 

1050 
1 O00 

140 
9 50 

62.5 
50 

1000 
>100000 

525 
65 
55 

125 
70 

8000 
500 

50 
550 

>100000 
1 O0 

37.5 
550 

15 
80 

7 
8 
7 
7 
5 

4.5 
7 

4.5 
4 

30 
3 
3 
3 

4.5 
5 
6 
7 
5 

6 . 5  
14 
8 
8 
9 
9 
8 
8 

12 
11 
9 

11 
10 
8 

10 
10 
20 
30 
40 
14 
20 
25 
9 
9 
8 

3.5 
4 

4.5 
4 

30 
4.5 

16 
3.5 

5 

73 
142 

3243 
93 
20 

295.5 
43 

175.5 
296 
670 

22 
997 

22 
23 

495 
1 o9 
18 
45 

116 
1186 

96 
112 
181 

28.5 
392 

59.5 
588 
119 
69 1 

1039 
990 
132 
940 

52.5 
30 

970 
>100000 

511 
45 
30 

116 
61 

7992 
496.5 

4 6  
545.5 

>100000 
70 
33 

53 4 
11.5 

75 

160 
1200 
600 

2000 
130 

84.5 
3250 

520 
286 
234 
180 

10000 
200 
180 

2500 
500 
280 
160 
260 

4600 
800 
700 
500 
400 
300 
360 
3 73 
243 
324 

3240 
4860 
1052 
6480 
334 

1482 
1002 

117000 
2338 
1169 
417 
364 
455 

~ 1 0 0 0 0 0  
375 
600 
150 
150 
150 
180 
420 

67 
80 

160 
1220 
600 

2000 
130 

84.5 
2990 
650 
286 
234 
190 

10100 
220 
190 

2000 
550 
280 
160 
280 

4000 
800 
740 
560 
400 
320 
360 
324 
275 
324 

3240 
4374 
1134 
6480 
351 

1670 
1002 

150300 
2338 

1085.5 
484 
364 
520 

>100000 
435 
525 
150 
150 
150 
180 
180 
67 
80 

160 
1210 
600 

2000 
130 

84.5 
3120 

585 
286 
234 
185 

10050 
210 
185 

2250 
525 
280 
160 
270 

4300 
800 
720 
530 
400 
310 
360 

348.5 
2 59 
324 

3240 
4617 
1093 
6480 

342.5 
1576 
1002 

133650 
2338 

1127.25 
450.5 

3 64 
487.5 

>100000 
4 05 

562.5 
150 
150 
150 
180 
300 

67 
80 
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8118 SO 8742 
8119 81002 
8120 8984 
8121 8984 
8122 81066 
6123 81073 
8124 81539 
8125 81083 
8126 81082 
8127 81540 
8128 81225 
8129 81272 
8130 81249 
8131 81507. 
8132 O.ZERO 
8133 SO O.ZERO 
6134 O.ZERO 
8135 O.ZERO 
8136 O.ZERO 
6137 O.ZERO 
8138 O.ZERO 
8139 O.ZERO 
8140 O.ZERO 
8141 O.ZERO 
8142 O.ZERO 
8143 * O.ZERO 
8144 SO O.ZERO 
8145 O.ZERO 
8146 O.ZERO 
8147 O.ZERO 
8148 O.ZERO 
6149 O.ZERO 
8150 O.ZERO 
8151 O.ZERO 
8152 D.ZER0 
6153 O.ZERO 

Load A n n  Regular 
Conct Regular 
Conct VR gas J 

Conct VR gas 
Conct Premi  um 
Conct Premi um 
Conct Premi um 
Load A n  Premium 
Load A n  Regular 

80 80 
80 1 O0 

~100000 .100000 
80 700 
60 60 
40 35 
45 40 
25 25 
50 50 

Conct 
Conct 
Conct 
Conct 
Hatch 
Valve 
Valve 
Valve 
Valve 
Conct 
Conct 
Conct 
Pump 
PmP 
Valve 
Conct 
OEL 
DEL 
OEL 
Pump 
Pump 
Pump 
Conct 
OEL 
Valve 
Conct 
Conct 

Regular 50 60 
Premi um 50 50 
Premi um 35 60 
Clear  30 30 
VR >100000 >100000 
Premi um 3 2.5 
Premi um 2 2 
Premi  um 2 1.6 
Premi um 1.6 1.8 
Premi  um 1.6 2 
P r e m i  um 2.5 2 
Premi um 2 2.2 
Premi um 3 3 
Clear 3 2.5 
Regular 2 2.5 
Regular 3 2.5 
Premi  um 4.5 3.5 
Premi  um 3.5 5 
Premi  um 3.5 3.2 
P r e m i  um 3 2.8 
Regul a r  2.7 3 
Regular 3.5 3.8 
Regular 3.5 4.5 
Regular 7 7 
O i  lybfater 6 7.5 
Premi  um 3.5 3.5 
Premi um 3.5 3.5 

80 
90 

.100000 
390 
60 

37.5 
42.5 
25 
50 
55 
50 

47.5 
30 

.100000 
2.75 

2 
1.8 
1.7 
-1.8 
2.25 
2.1 
3 

2.75 
2.25 
2.75 

4 
4.25 
3.35 
2.9 
2.85 
3.65 

4 
7 

7 :75 
3.5 
3.5 

4 
3 
3 
3 

10 
3 

7.5 
7 
5 
9 
9 
5 
7 
5 

2.5 
2 

1.8 
1.6 
1.6 
2 
2 
3 
3 
3 

2.5 
3 

3.5 
3 
3 
3 

3.5 
3.5 

5 
3.5 
3.5 
3.5 

FOOTNOTE REGARDING HEXANE RESPONSE CORRECTION FACTOR 

76 
87 

>100000 
387 
50 

34.5 
35 
18 
45 
46 
41 

42.5 
23 

100000 
0.25 

O 
O 

0.1 
0.2 
0.25 
o. 1 

O 
O 
O 

0.25 
1 

0.75 
0.35 

O 
O 

0.15 
0.5 
2 

4.25 
O 
O 

75 
600 

15000 
1200 
1 o5 
50 
150 
140 
300 
2400 
4000 
1400 
2000 

> I  00000 
22 
22 

19.8 
19.8 

22 
23.1 
22 

38.5 
33 

27.5 
28.6 
25.2 
31.5 

27 
27 
126 
63 
36 

45.9 
21 

24.5 
24.5 

82 
600 

12000 
6750 
1 O5 
55 
120 
160 
200 
2500 
3600 
10000 
3000 

>100000 
22 
22 

19.8 
19.8 
22 

23.1 
24.2 
38.1 
38.5 
28.6 
28.6 
22.5 
31.5 
28.8 
25.7 
81 

67.5 
40.5 
49.5 
24.5 
24.5 
21 

78.5 
600 

13500 
3975 
105 

52.5 
I35 
150 
250 
2450 
3800 
5700 
2500 

>I 00000 
22 
22 

19.8 
19.8 
22 

23.1 
23.1 
38.3 
35.75 
28.05 
28.6 
23.85 
31.5 
27.9 
26.35 
103.5 
65.25 
38.25 
47.7 
22.75 
24.5 
22.75 

The Byron was c a l i b r a t e d  us ing  4 concent ra t ions  o f  propane 10. 100, 1000. and 10,000 ppmv. These samples 
came fran t h e  same vendor. Dur ing t h e  work a t  S i t e  O.  t h e  Byron was checked w i t h  two samples o f  hexane 
from two d i f f e r e n t  vendors, a 100 ppmv sample and a 1000 ppmv sample. 

When hexane i s  read on an inst rument  c a l i b r a t e d  t o  propane, you expect i t  t o  r e g i s t e r  a f l a t  mass response 
ppmv. w i t h  a s l i g h t  adjustment f o r  FIO mass s e n s i t i v i t i e s  t o  hexane and propane, which are  1.03 and 0.98 
r e s p e c t i v e l y .  Thus, 100 ppmv hexane should r e g i s t e r  as (100ppmv)*(86.17/44.19)*(1.03/98) = 205 ppmv 
The Byron reading,  however was 152 ppmv. 
( d i f f e r e n t  gas vendor) 
i n d i c a t e s  t h a t  t h e  problem was w i t h  t h e  o r i g i n a l  

L i n e a r i t y  was checked with a 1000 ppmv sample o f  hexane 
Subsequent t e s t i n g  o f  the c a l i b r a t i o n  gas sample t h a t  i s  s t i l l  i n  the  shop 

s e r i e s  o f  propane c a l  gases. 

Because t h e r e  was c l e a r l y  a systemic b ias ,  
i n  a Byron ppmr va lue t h a t  s imulates what i t  would have been i f  hexane had been t h e  c a l i b r a t i o n  
gas. The c o r r e c t i o n  f a c t o r  i s  205/152 o r  1.35 t imes te r e p o r t e d  value. 

an adjustment f a c t o r  has been incorpora ted  t h a t  r e s u l t s  
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8 65 
8 66 
8 67 
8 68 
8 69 
B 70 
8 71 
8 72 * 
8 73 so 
8 74 
8 75 
8 76 
8 77 
8 78 
8 79 
8 80 
B 81 
8 82 
8 83 
8 84 
B 85 * 
8 86 S O  
8 87 
8 88 
6 89 
8 90 
B 92 
B 93 
B 94 
8 95 * 
8 96 SD 
8 97 
B 98 

14 
936 
284 

1851 
11 

7 
1855 

34 
114 
141 
47 

3200 
20 
54 

2145 
178 
35 
24 
20 

3064 
219 
233 

79 
59 
80 
59 
74 
79 
82 

4183 
8075 

310 
2614 

8 99 NO OATA 
8100 990 
8101 30 

14 
936 
284 

1851 
10 
7 

1853 
34 

114 
141 
47 

3200 
19 
54 

2145 
178 
35 
23 
19 

3062 
219 
233 

77 
58 
79 
58 
73 
77 
81 

4182 
8075 

307 
2614 

NO OATA 
990 

27 

21  
1471 
447 

2903 
15 
12 

2895 
53 

179 
222 

73 
5014 

30 
85 

3362 
280 

55 
37 
29 

4790 
345 
367 
121 
92 

123 
91 

115 
121 
127 

6538 
12566 

479 
4100 

NO DATA 
1557 

42 

29 
1985 
603 

3919 
20 
16 

3908 
7 1  

242 
299 

99 
6768 

40 
114 

4539 
378 

74 
50 
40 

6467 
465 
495 
164 
124 
166 
123 
155 
164 
171 

8826 
16964 

647 
5535 

NO DATA 
2102 

57 
8102 OFFSCALE OFFSCALE OFFSCALE OFFSCALE 
8103 326 326 513 693 
8104 81  79 125 168 
8105 54 54 84 114 
8106 181 180 283 382 
8107 SO 201 199 312 422 
8108 NO DATA NO DATA NO DATA NO DATA 
8109 371 371 584 788 
8110 1383 1382 2168 2927 
8111 25 25 39 53 
8112 439 439 690 932 
6113 50 48 76 1 o2 
8114 35 34 54 72 
8115 74 70 1 o9 148 
8116 12 12 20 26 
8117 11 10 15 21 

2345 

44128 

254228 

2105 
2051 

10050 
2021 

15200 
1937 
2039 
2179 
2064 
2148 
2118 
1998 

15200 
2016 
1709 
1967 
1970 

10050 
15200 
1608 
1722 
1671 
3133 
1861 

10050 
1649 
2008 
2947 
4293 
1346 
1456 
2218 
1989 
1927 
1878 
2956 
2769 
1958 
2168 
2260 
2295 
1857 
1922 
2132 

15200 
3619 
3197 

10050 
2873 
3083 
2445 
2822 

2098 
2056 
9917 
1993 

15200 
1989 
2019 
2089 
2081 
2104 
2149 
1957 

15200 
1971 
1670 
1996 
1951 

10050 
15200 

1600 
1775 
1602 
3143 
1921 

10050 
1608 
1987 
2925 
4260 
1403 
1365 
2179 
1973 
1906 
1863 
2944 
2785 
1845 
2163 
2316 
2137 
1794 
1872 
2126 

15200 
3506 
3145 

10050 
2925 
3076 
2396 
2818 

2.10 
2.05 
9.98 
2.01 

15.20 
1.96 
2.03 
2.13 
2.07 
2.13 
2.13 
1.98 

15.20 
1.99 
1.69 
1.98 
1.96 

10.05 
15.20 

1.60 
1.75 
1.64 
3.14 
1.89 

10.05 
1.63 
2.00 
2.94 
4.28 
1.37 
1.41 
2.20 
1.98 
1.92 
1.87 
2.95 
2.78 
1.90 
2.17 
2.29 
2.22 
1.83 
1.90 
2.13 

15.20 
3.56 
3.17 

10.05 
2.90 
3.08 
2.42 
2.82 

0.2 
0.7 
0.4 
1.5 
4.5 
o. 1 
4.5 
1.5 
0.3 
o. 1 
0 .9  
0.8 

4 
o. 1 
1.8 
0.2 
0.3 
0.7 
4.5 

3 
0 .1  
0.1 
3.5 

1 
5 
2 
1 

4.9 
5 

1.5 
0.3 

4 
1.5 
0.5 
0 . 1  

4 
5 

0.1 
o.  1 
0.1 
2.5 
3.5 

3 
0.7 

4 
0 .1  

2 
1 
5 
5 

o. 1 
4.5 

O .  15 
0.4 
0.4 
0.5 
4.5 
o. I 

5 
O. 15 
0.3 
o. 1 
0.6 
0.2 

4 
0 . 1  
0.4 
0.1 
0.1 
0.6 

2 
0.5 
0 . 1  
0.2 

2 
0.5 

3 
1.1 

3 
0.1 
0.3 
0.7 
0.5 
9.5 
0.5 
0.2 
0 . 1  
0.5 

16 
0.1 
2.5 
0.1 
1 .5  

4 
0.5 
0.1 
3.5 
0.1 
0.2 

2 
4 
5 

0.1 
1.8 

O .  175 
0.55 

0.4 
1 

4.5 
o. 1 

4.75 
O. 825 

0.3 
o. 1 

0.75 
0.5 

4 
0.1 
1.1 

0.15 
0.2 

0.65 
3.25 
1.75 
o.  1 

0.15 
2.75 
0.75 

4 
1.55 

2 
2.5 

2.65 
1.1 
0.4 

6.75 
1 

0.35 
0.1 

2.25 
10.5 
0.1 
1.3 
0.1 

2 
3.75 
1.75 
0.4 

3.75 
0.1 
1.1 
1 .5  
4.5 

5 
o. 1 

3.15 
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8118 so 12 11 17 23 
8119 191 190 298 403 
8120 OFFSCALE OFFSCALE OFFSCALE OFFSCALE 
8121 
8122 
8123 
8124 
8125 
8126 
8127 
8128 
8129 
8130 
8131 
8132 * 
8133 SO 
8134 
8135 
8136 
8137 
8138 
8139 
8140 
8141 
6142 
8143 * 
8144 SO 
8145 
8146 
8147 
8148 
0149 
8150 
E151 
8152 
8153 

NO DATA 
13 

7 
20 
16 
71 
15 

1000 
162 
70 

>10000 
6 
7 
6 
5 
6 
6 
5 
7 
5 
6 
5 
6 
3 
7 
8 

40 
35 
8 

10 
7 
6 
? 

NO DATA 
13 
6 

20 
14 
70 
13 

1000 
162 
70 

>10000 
6 
6 
6 
5 
6 
5 
5 
7 
4 
6 
5 
6 
3 
7 
8 

39 
33 
8 

10 
6 
6 
7 

NO DATA 
20 
10 
32 
22 

111 
21 

1572 
255 
110 

>15700 
9 

10 
9 
8 
9 
9 
8 

10 
6 

10 
8 
9 
5 

10 
12 
62 
52 
12 
16 
10 
9 

11 

NO DATA 
27 
14 
43 
30 

149 
28 

2122 
344 
148 

>21000 
13 
13 
12 
11 
12 
12 
11 
14 
9 

13 
11 
13 
7 

14 
17 
84 
70 
16 
22 
14 
13 
14 

3129 
1577 

3203 1577 

10050 
15200 

1411 
2541 
2211 
2287 
1742 
1655 
1567 

20206 10050 
883 
904 

1238 
1268 
1431 
1758 
1234 

15200 
15200 

2385 
1706 
1240 
1309 
1279 

10050 
10050 
10050 

1316 
1257 
1908 
1573 

10050 

28352 1434 

3116 
1577 
1542 
1428 

10050 
15200 
1411 
2523 
2197 
2277 
1742 
1655 
1567 

10050 
868 
913 

1234 
1240 
1433 
1722 
1247 

15200 
15200 

2310 
1707 
1221 
1298 
1262 

10050 
10050 
10050 

1277 
1216 
1879 
1561 

10050 

3.12 
1.58 
1.56 
1.43 

10.05 
15.20 

1.41 
2.53 
2.20 
2.28 
1.74 
1.66 
1.57 

10.05 
0.88 
0.91 
1.24 
1 -25 
1.43 
1.74 
1.24 

15.20 
15.20 
2.35 
1.71 
1.23 
1.30 
1.27 

10.05 
10.05 
10.05 

1.30 
1.24 
1.89 
1.57 

10.05 

4.5 
1 
1 

O. 7 
0.5 
o. 1 
0.5 

5 
5 
5 

0.2 
0.1 
0.5 

3 
4 

4.8 
3 

0.1 
0.1 
o.  1 
o.  1 

5 
8 
2 

0.2 
o.  1 
0.1 

5 
5 
4 
4 

0.3 
o. 1 
4.5 
o. 1 
0.5 

4.5 
5 

0.7 
0.5 
0.2 
o. 1 
o.  1 

2 
1 

3.5 
0.3 
0 . 1  
0.1 

7 
3 
4 

0.4 
o. 1 
o.  1 
0.1 
o. 1 

1 
8 

0.7 
o. 2 
o. 1 
o. 1 
0 .1  
1.5 
0.4 

14 
0.2 
0.1 
0.5 
O. 1 
1.2 

4.5 
3 

0.85 
0.6 

0.35 
o. 1 
0.3 
3.5 

3 
4.25 
0.25 

0.1 
0.3 

5 
3.5 
4.4 
1.7 
o. 1 
0.1 
o. 1 
0.1 

3 
8 

1.35 
0.2 
0.1 
o.  1 

2.55 
3.25 

2.2 
9 

0.25 
o. 1 
2.5 
0.1 

0.85 
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BAGGING 
TERM 1 NA MASS EMISSION RATE 

B 65 1.4E-05 
8 66 9.4E-04 
B 67 2.8E-04 
B 68 1.9E-03 
8 69 1.1E-05 
B 70 7.4E-06 
8 71 1.9E-03 
B 72 3.4E-05 
8 73 SO l.lE-04 
B 74 1.4E-04 
B 75 4.7E-05 
8 76 3.2E-03 
8 77 2.OE-05 
8 78 5.4E-05 
B 79 2.1E-03 
8 80 1.8E-04 
B 81 3.5E-O5 
B 82 2.4E-05 
8 83 2.Of-05 
B 84 3.1E-03 
B 85 2.2E-04 
B 86 SD 2.3E-04 
8 87 7.9E-05 
8 88 5.9E-05 
B 89 8.OE-05 
8 90 5.9E-05 
B 92 7.4E-05 
B 93 7.9E-05 
B 94 8.2E-05 
B 95 4.2E-O3 
8 96 SO 8.1E-03 
8 97 3.1E-04 
B 98 2.6E-03 
8 99 2.3E-03 
8100 9.9E-O4 
8101 3.OE-05 
8102 4.4E-02 
8103 3.3E-04 
8104 8.1E-05 
E105 5.4E-05 
E106 1.8E-04 
6107 SO 2.OE-04 
8108 2.5E-01 
8109 3.7E-04 
8110 1.4E-03 
8111 2.5E-05 
8112 4.4E-04 
8113 5.OE-05 
8114 3.5E-05 
8115 7.4E-05 
8116 1.2E-05 
E117 * 1.1E-05 

o. O02 
O. 006 
O. 004 
0.010 
O. 045 
0.001 
O. 048 
o. O08 
O. 003 
0.001 
0.008 
O. 005 
0.040 
0.001 
0.011 
o. O02 
0.002 
0.006 
O. O33 
o. O18 
0.001 
0.002 
0.028 
o. O08 
0.040 
0.016 
o. O20 
O. 025 
0.027 
0.011 
O. 004 
0.068 
0.010 
O. 004 
o .  O01 
O. 023 
O. 105 
0.001 
0.013 
0.001 
o. 020 
O. 038 
0.018 
O. 004 
O. 038 
o. O01 
0.011 
0.015 
O. 045 
0.050 
0.001 
O. 032 

O. 998 
O. 994 
O. 996 
o. 988 
0.955 
o. 999 
0.951 
0.992 
O. 997 
o .  999 
O. 992 
O. 992 
O. 960 
o. 999 
O. 987 
O. 998 
o. 998 
0.993 
0.967 
0.979 
o. 999 
o. 998 
0.972 
0.992 
0.960 
O. 984 
O. 980 
0.975 
O. 973 
O. 985 
O. 988 
0.932 
0.987 
O. 994 
o. 998 
O. 977 
0.85i 
0.999 
O. 987 
o. 999 
o. 980 
O. 962 
O. 728 
O. 996 
O. 961 
o. 999 
o. 989 
O. 985 
0.955 
O. 950 
o. 999 
O. 968 

28.01 
28.06 
28.03 
28.11 
28.18 
28.00 
28.23 
28.03 
28.01 
28.01 
28.03 
28.15 
28.16 
28.01 
28.13 
28. o1 
28.01 
28.03 
28.13 
28.19 
28.01 
28.02 
28.11 
28.03 
28.16 
28.06 
28.08 
28.10 
28.11 
28.21 
28.34 
28.28 
28.11 
28.11 
28.03 
28.09 
29.61 
28.01 
28.05 
28.01 
28. o9 
28.16 
38.22 
28.03 
28.11 
28.00 
28.06 
28.06 
28.18 
28.20 
28.00 
28.13 

O. 13 
O. 13 
0.61 
O. 13 
1.16 
o. 12 
O. 16 
0.13 
0.13 
O. 13 
0.13 
0.12 
1.13 
0.12 
o.  11 
o. 12 
0.12 
0.62 
1.08 
o. 10 
0.11 
0.10 
0.22 
0.12 
O. 74 
0.11 
0.13 
0.20 
0.29 
0.09 
0.09 
o. 19 
o. 12 
0.12 
0.11 
0.20 
0.33 
0.11 
0.14 
O. 14 
0.15 
0.13 
0.12 
O. 13 
1.11 
0.21 
0.20 
0.65 
0.22 
0.24 
0.15 
0.20 

555 9.00E-06 
550 6.20E-04 
545 9.16E-O4 
542 1.24E-03 
566 5.62E-05 
539 4.66E-O6 
572 1.47E-03 
537 2.40E-05 
536 
552 9.42E-05 
531 3.36E-05 
526 2.13E-03 
540 1.14E-04 
552 3.37E-05 
561 1.18E-03 
555 l.llE-04 
549 2.17E-05 
546 7.66E-05 
540 1.08E-O4 
549 1.69E-03 
552 1.20E-04 
554 
558 8.64E-05 
554 3.56E-05 
550 3.06E-04 
558 3.16E-05 
525 5.32E-O5 
528 8.42E-05 
533 1.28E-04 
550 1.91E-03 
555 
545 3.16E-04 
561 1.67E-03 
530 7.03E-04 
527 6.10E-O4 
530 2.90E-05 
559 3.77E-02 
555 1.94E-04 
550 5.75E-05 
557 3.82E-05 
556 1.37E-04 
548 
527 1.llE-O1 
525 2.65E-04 
548 
544 2.84E-05 
547 4.64E-04 
550 1.64E-04 
549 3.97E-05 
54 5 
527 9.87E-06 
529 1.07E-05 

0.08 
5.43 
8.02 
10.89 
0.49 
0.04 
12.86 
0.21 

0.82 
0.29 
18.65 
1.00 
0.30 
10.31 
0.97 
o. 19 
0.67 
0.95 
14.77 
0.49 

Sample Duplicate o f  8072 

Sample duplicate o f  8085 
0.76 
0.31 
2.68 
0.28 
0.47 
O. 74 
1.12 
12.03 

2.77 
14.66 
6.16 Emission rate canputed from Tracor THE value. 
5.34 
0.25 

1.70 
0.50 
0.33 
O. 58 

Sample duplicate of 8095 

330.04 Emission rate computed f r m  Tracor THE value. 

Sample duplicate of 8106 
969.87 Emission rate computed from Tracor THC value. 

Not usable for mass estimate, pump came on du 
2.32 

0.25 
4.07 
1.44 
0.35 

0.09 
0.06 

Initial / f  i na1 screen1 ng ratio unacceptable, 
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8118 SO 1.2E-05 
8119 1.9E-04 
8120 3.2E-03 
8121 2.8E-02 
8122 1.3E-05 
8123 6.5E-06 
8124 2.OE-05 
8125 1.6E-05 
8126 7.1E-05 
8127 1.5E-05 
8128 1.OE-03 
8129 1.6E-04 
8130 7.OE-05 
8131 1.OE-02 
8132 6.4E-06 
8133 SO 6.5E-06 
8134 6.OE-06 
8135 5.2E-06 
8136 5.8E-06 
8137 5.5E-06 
8138 5.1E-06 
8139 7.OE-06 
8140 5.3E-06 
8141 6.3E-06 
8142 5.OE-06 
8143 * 6.OE-06 
8144 SO 3.3E-06 
8145 7.OE-06 
8146 8.4E-06 
8147 4.OE-05 
8148 3.5E-05 
8149 7.6E-06 
8150 1.OE-05 
8151 6.8E-06 
8152 5.9E-06 
8153 6.9E-06 

0.045 
0.030 
o. O09 
O. 006 
O. 004 
0.001 
O. 003 
O. 035 
O. 030 
O. 043 
O. 003 
0.001 
O. 003 
o. 050 
O. 035 
O. 044 
0.017 
0.001 
0.001 
0.001 
0.001 
0.030 
o. O80 
0.014 
o. 002 
o. 001 
0.001 
O. 026 
O. 033 
0.022 
o. O90 
O. 003 
0.001 
0.025 
0.001 
o. 009 

o. 955 
0.970 
o. 988 
O. 966 
O. 996 
0.999 
0.997 
0.965 
0.970 
0.957 
O. 997 
o. 999 
0.997 
O. 940 
0.965 
0.956 
O. 983 
0.999 
o. 999 
o. 999 
o. 999 
0.970 
o. 920 

O. 998 
0.999 
o. 999 
0.974 
O. 967 
0.978 
0.910 
0.997 
0.999 
0.975 
0,999 
0.991 

o. 986 

28.18 
28.13 
28.12 
28.79 
28.01 
28.00 
28.01 
28.14 
28.12 
28.17 
28.05 
28.01 
28.01 
28.47 
28.14 
28.18 
28.07 
28.00 
28.00 
28.00 
28.00 
28.12 
28.32 
28. o5 
28.01 
28.00 
28.00 
28.10 
28.13 
28.09 
28.36 
28. o1 
28.00 
28.10 
28.00 
28.03 

0.24 
0.11 
o. 10 
0.09 
0.61 
0.92 
0.09 
o. 18 
0.15 
0.17 
0.11 
0.10 
o. 10 
0.79 
0.06 
0.07 
0.08 
0.08 
0.09 
0.10 
0.07 
1.06 
1.47 
0.15 
0.10 
0.07 
0.08 
0.09 
0.71 
0.67 
1.06 
0.08 
0.07 
O. 13 
0.09 
0.63 

53 1 
537 1.13E-O4 
538 7.89E-04 
538 6.49E-03 
544 4.16E-05 
537 3.19E-05 
539 9.22E-06 
532 ì.41E-05 
533 5.87E-05 
537 1.23E-05 
537 5.67E-04 
538 8.65E-05 
539 3.55E-05 
552 3.99E-02 
533 2.04E-06 
530 
546 2.49E-06 
542 2.09E-06 
551 2.61E-06 
553 3.OOE-06 
565 1.94E-06 
552 3.65E-05 
556 3.17E-05 
545 4.86E-06 
540 2.74E-06 
531 2.41E-06 
533 
536 3.09E-06 
560 2.91E-05 
554 1.38E-04 
562 
557 3.08E-06 
557 3.96E-06 
524 4.52E-06 
526 3.04E-06 
528 2.32E-05 

Sample duplicate of 8117 
0.99 
6.92 Emission rate computed from Tracor THC value. 
56.81 Emission rate computed from Tracor THC value. 
0.36 
0.28 
0.08 
o. 12 
0.51 
o 11  
4.97 
0.76 
0.31 

349.43 Emission rate computed from Tracor THC value. 
0.01 

Sample duplicate o f  8132 
0.02 
0.02 
0.02 
0.03 
0.02 
0.32 
0.28 
0.04 
0.02 
0.01 

Sample duplicate o f  8143 
0.03 
0.25 
1.21 

0.03 
0.03 
0.04 
0.03 
0.20 

High O2 in bag. unacceptable for mass estirnat 

I 
                                      
                                         
                                      
                                         



BAGGING RESULTS ANO MASS E M I S S I O N S  
TERMINAL "D" 

Smpl CmpntCmpnt Product I n i t .  
ID Code # Type Screen 

O 1 ACCURVdlve Water 3.5 
D 2 1149 Pump Sup Reg 9900 
D 3  357 Pump VRU 3000 
O 4  403 Pump VRU 100 
0 5  425 Pump Reg UL 10000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O 6  427 OEL Reg UL 42000 
D 7 1077 OEL Reg UL >300000 
D 8 1114 Valve Sup UL Env 5000 
D 9 1028 Valve Sup UL Env 6000 
O 10 1077 OEL Reg UL 136000 
O 11 1429 Valve Sup Reg 4000 
O 12 SO 1403 Valve Sup UL Env 2590 
D 13 SO 1403 Valve Sup UL Env 2590 
D 14 MO 1403 Valve Sup UL Env 3820 

D 17 1374 Pump Reg UL 8750 

D 20 1390 Pump Sup UL Env 8 

D 16 1383 Valve Reg UL 8000 

O 18 1421 Pump Sup Reg 75 

O 21 1449 Valve Reg UL 2000 
O 23 1233 Valve Sup Reg 9000 
O 24 323 OEL Reg UL 6 
O 25 1226 Valve Sup Reg 10000 
D 27 1215 Valve Reg UL 8400 
D 29 S O  867 Valve Reg UL 5000 
O 30 SO 867 Valve Reg UL 5000 
O 32 MD 867 Valve Reg UL 19800 
o 33 961 Valve Reg UL 17600 
D 34 A 1208 Pump Reg UL 1 O0 
O 35 B 1208 Pump Reg UL 25 
O 36 1499 Hatch CoverSlop Tk-1 3000 
O 38 1500 Hatch CoverSlop Tk-2 5000 
o 39 315 Load Arm VRU >310000 
D 41 297 Load Arm Sup UL 50 
o 42 232 Load Arm VRU >400000 
o 43 216 Load Arm Sup UL 25 
D 44 SD 200 Load Arm Sup Reg 12 
O 46 SO 200 Load Arm Sup Reg 12 
O 47 SO 202 Connection Sup Reg 1000 
D 49 SD 202 Connection Sup Reg 1000 
O 50 MO 202 Connection Sup Reg 1200 
D 51 213 Connection Sup Reg 7000 
O 52 186 Load Arm Reg UL 1 O0 
D 54 71 Valve VRU 90000 
D 55 54 Load Arm Sup UL 6 
D 56 39 Load Arm Sup Reg 7 
o 57 5 Load Arm Reg UL 85 
o 59 155 Load Arm VRU 7200 
O 60 124 Connection Sup Reg 4 50 
D 61  135 Load Arm Sup UL 45 
D 62 MB N/A 5 
O 64 SD 117 Load Arm Sup Reg 13 

8000 
6000 

160 
12000 
60000 

>300000 
5000 
5000 

119000 
3700 
4200 
4200 
2800 
2900 
5000 

30 
8 

3500 
9000 

6 
11984 
7800 

19800 
19800 
22000 
26400 

100 
30 

5000 
1000 

>310000 
100 

>400000 
25 
15 
15 

1200 
1200 
1000 
7000 
1 O0 

>300000 
4 
5 

80 
24000 

400 
20 
5 
7 

Avg OVA 
Screen Conc 
Corrected 

for I n i t  F i n a l  Avg OVA 

Screen ppm Ppm Conc Conc Conc 

3.5 3.5 O 1122 
8950 4.5 8945.5 825 825 825 
4500 12 4488 11900 11050 11475 

130 5 125 420 210 315 
11 000 5 10995 9000 9750 9375 
51000 10 50990 300 180 240 

>300000 6 >300000 210000 180000 195000 
5000 3.5 4996.5 1190 1190 1190 
5500 6 5494 4760 4760 4760 

127500 25 127475 47600 47600 47600 
3850 6 3844 3330 3515 3422.5 
3395 6 3389 3080 3080 3080 
3395 6 3389 3080 3080 3080 
3310 8 3302 2240 2240 2240 
5450 16 5434 1305 1421 1363 
6875 7 6868 10500 7875 9187.5 
52.5 7 45.5 390 420 405 
- 8  6 2 377 3 19 348 

2750 5 2745 1800 1900 1850 
9000 6 8994 4000 4125 4062.5 

6 6 o 9000 9000 9000 
10992 11 10981 2380 3640 3010 
8100 9 8091 1222 1170 1196 

12400 4 12396 1540 1584 1562 
12400 4 12396 1540 1584 1562 
20900 3 20897 2860 2860 2860 
22000 6 21994 4180 4620 4400 

100 5 95 240 216 228 
27.5 3 24.5 1155 115.5 635.25 
4000 5 3995 540 390 465 
3000 9 2991 270 240 255 

>310000 10 >310000 >310000 >310000 >310000 
75 5 70 240 300 270 

>400000 6 >400000 >400000 >400000 >400000 
25 10 15 154 126 140 

13.5 3 10.5 168 168 168 
13.5 3 10.5 168 126 147 
1100 3.5 1096.5 190 171 180.5 
1100 3.5 1096.5 190 171 180.5 
1100 3.5 1096.5 171 190 180.5 
7000 4 6996 1440 2340 1890 
1 O0 4 ' 96 216 180 198 

>300000 5.5 >300000 210000 240000 225000 
5 6 O 182 165 173.5 
6 3 3 132 132 132 

82.5 3.5 79 279 248 263.5 
15600 5.5 15594.5 48000 72000 60000 

425 5 420 336 240 288 
32.5 6 26.5 420 224 322 

5 5 O 140 126 133 
10 4.5 5.5 165 132 148.5 

Avg. Bkgrnd Bkgrnd Bag Bag Bag 

-=------------ -------------=- ------------ ------ - ------------I------------- -ii------------==------=== 
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O 65 SO 117 Load Arm Sup Reg 
O 66 MO 117 Load Arm Sup Reg 
D 67 99 Load Am Reg UL 
D 68 285 Load A r m  Sup Reg 
D 69 271 Load Arm Reg UL 
O 70 314 Connector VRU 
o 73 308 Valve sup UL 
O 74 OZ 317 Valve VRU 
O 76 OZ 235 Valve VRU 
0 77 OZ 151 Valve VRU 
D 78 DZ 68 Valve VRU 
O 79 SD/O 344 Valve VRU 
O 80 SD/O 344 Valve VRU 
O 81 HO/O 344 Valve VRU gas 
o a2 OZ 345 Valve VRU 
D 83 OZ 343 Valve VRU 
O 84 OZ 346 Valve VRU 
0 85 1122 Valve Sup UL Env 
D 88 1055 Connection Sup UL Env 
O 90 1027 Valve Sup UL Env 
D 91 1025 Connection Sup UL Env 
O 92 1047 Valve Sup UL Env 
O 93 SO 1023 Connection Sup UL Env 
O 94 SD 1023 Connection Sup UL Env 
O 95 HD 1023 Connection Sup UL Env 

13 
7 
7 
50 
10 

1 O0 
500 
7 
4 
6 
4 

3.5 
3.5 
3.5 
3.5 
4.5 
3 

4000 
350 
2500 
300 
75 

400 
400 
500 

7 10 
10 8.5 
12 9.5 
52 51 
14 12 
80 90 
560 530 
9 8 
4 4 
5 5.5 
4 4 

3.5 3.5 
3.5 3.5 
3 3.25 
5 4.25 

3.5 4 
3.5 3.25 
4500 4250 
300 325 

3000 2750 
350 325 

500 450 
500 450 
600 550 

ao 77.5 

O 96 XT 71 Valve VAU >300000 >300000 >300000 

FOOTNOTE REGARDING HEXANE RESPONSE CORRECTION FACTOR 

4.5 5.5 
4 4.5 

3.5 6 
4.5 46.5 
6 6 

6 524 
7 1 
4 O 
6 O 
4 O 

3.5 O 
3.5 O 
3.5 O 
3.5 0.75 
4.5 O 
3 0 . 2 5  

3.5 4246.5 
4 321 
6 2744 
8 317 

3.5 74 
3.5 446.5 
3.5 446.5 
8 542 
4 >300000 

3.5 86.5 

165 
155 

165 
153 
225 
215 

193.5 
108.5 
238 
136 

115.5 
115.5 
105 

108.5 
115.5 
100.5 
528 
174 
696 
143 

188.5 
264 
264 
225 

87000 

238 

132 148.5 
155 155 
238 238 
180 172.5 
153 153 
225 225 
215 215 
172 182.75 

108.5 108.5 
153 195.5 
136 136 

115.5 115.5 
115.5 115.5 
105 105 

108.5 108.5 
115.5 115.5 

660 594 
340 261 
783 739.5 
117 130 

188.5 188.5 
313.5 288.75 
313.5 288.75 
225 225 

>300000 >300000 

108.5 104.5 

The Byron was c a l i b r a t e d  us ing  4 concent ra t ions  o f  propane 10. 100, 1000, and 10,000 ppmv. These 
samples came f rom t h e  same vendor, 
samples o f  hexane f rom two d i f f e r e n t  vendors, a 100 ppmv sample and a 1000 ppmv sample. 

Dur ing the  work a t  S i t e  D. t h e  Byron was checked with two 

Yhen hexane i s  read on an inst rument  c a l i b r a t e d  t o  propane, you expect i t  t o  r e g i s t e r  a f l a t  mass 
response ppmv, with a s l i g h t  adjustment f o r  FIO mass s e n s i t i v i t i e s  t o  hexane and propane, which 
are  1.03 and 0.98 r e s p e c t i v e l y .  Thus, 100 ppmv hexane should r e g i s t e r  as (1OOppmv) * 
(86.17/44.19) * (1.031'98) = 205 ppmv The Byron reading, however was 152 ppmv. 
checked with a 1000 ppmv sample o f  hexane ( d i f f e r e n t  gas vendor) 
c a l i b r a t i o n  gas sample t h a t  i s  s t i l l  i n  t h e  shop i n d i c a t e s  t h a t  t h e  problem was w i t h  t h e  
o r i g i n a l  s e r i e s  of propane c a l  gases. 

L i n e a r i t y  was 
Subsequent t e s t i n g  o f  t h e  

Because t h e r e  was c l e a r l y  a systemic b ias ,  an adjustment f a c t o r  has been incorpora ted  t h a t  
r e s u l t s  i n  a Byron ppmw value t h a t  s imulates what i t  would have been i f  hexane had been t h e  
c a l i b r a t i o n  gas. The c o r r e c t i o n  f a c t o r  i s  205/152 or 1.35 t imes t h e  repor ted  va lue 
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8AGGI 
TERMI Vol urne 

Recorded ne t  n e t  Adjustd t o  F rac t i on  
THC as THC as THC as HEXANE THC I n i t i a l  F ina l  Avg N2 Avg O2 THC 

Smpl PROPANE PROPANE PROPANE Response Tracor Flow Flow Flow I n i t i a l  F i n a l  Conc (Byron) 
ID ppmv ppmv ppmw p p m  ppmw r n l h i n  m l / m i n  l h i n  %O 2 %O2 X Xthc 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O 1  
o 2  
O 3  
O 4  
o 5  
O 6  
o 7  
O 8  
o 9  
o 10 
o 11 
D 12 
O 13 
O 14 
O 16 
O 17 
o 18 
o 20 
D 21 
o 23 
o 24 
o 25 
O 27 
D 29 
O 30 
D 32 
o 33 
o 34 
o 35 
O 36 
o 38 
o 39 
D 41 
O 42 
o 43 
D 44 
O 46 
D 47 
o 49 
D 50 
D 51 
o 52 
o 54 
o 55 
O 56 
o 57 
o 59 
O 60 
D 61 
O 62 
O 64 

518 
NA 
64 

9874 
143 

5353 
989 

5402 
9363 
4505 
4235 
4848 
4253 
2252 
2098 

262 
72 

1087 
2798 
2592 
2473 
979 

1283 
318 
325 
523 
99 
16 
37 
90 

>10000 
213 

517 
NA 
63 

9874 
143 

5352 
989 

5401 
9357 
4505 
4234 
4847 
4252 
2249 
2096 

261 
71 

1086 
2798 
2592 
2472 
977 

1283 
317 
325 
522 
98 
16 
37 
89 

~ 1 0 0 0 0  
213 ' 

~ ~ 1 0 0 0 0  ~ > 1 0 0 0 0  
1 o9 107 
162 161 
115 114 
143 143 
202 202 
200 200 

2180 2180 
152 152 

~ 1 0 0 0 0  >10000 
118 117 

7 6 
63 63 
NA NA 

405 405 
71 70 

4 4 
27 27 

809 
NA 
98 

15152 
225 

8256 
1550 
8348 

14300 
6989 
6581 
7522 
6599 
3505 
3262 

411 
110 

1696 
4364 

NA 
3855 
1528 
2005 

497 
5 o9 
817 
153 
25 
57 

139 
>10000 

334 
> ~ 1 0 0 0 0  

167 
251 
178 
225 
318 
315 

3411 
238 

>10000 
183 

9 
98 
NA 

637 
110 

6 
42 

1092 

133 
20455 

304 
11146 94597 
2093 

11270 
19306 
9435 
8884 

10155 
8908 
4731 
4403 77471 

555 
149 

2289 
5891 

NA 
5204 
2063 
2707 

671 
687 9182 

1103 24209 
206 
34 
77 

1 88 

451 

226 
338 
240 
225 
429 
425 

4605 
322 

248 
13 

132 
NA 256228 

859 
148 

8 
56 

NA 55002 

>10000 252126 

>>lo000 250958 

>10000 308028 

3738 
2990 
2070 
1180 
1091 
2184 
1857 
2134 
1697 
2567 
4290 
4290 
4305 
4154 
2440 
2165 
2068 
5500 
4526 

NA 
3651 
4275 
3474 
3474 
4212 
4620 
1963 
2130 
2159 
2244 
2152 
2311 
2008 
2941 
3527 
3527 
2032 
2032 
2146 
2146 
4325 
2240 
2684 
2476 
2480 
2356 
2339 
2465 
2190 
2976 

1.11 
3773 3.76 
2990 2.99 
1818 1.94 
1165 1.17 
938 1.01 

2184 2.18 
1801 1.83 
2095 2.11 
1668 1.68 
4044 3.31 
4275 4.28 
4275 4.28 
4603 4.45 
4275 4.21 
2440 2.44 
2089 2.13 
2042 2.06 
5500 5.50 
4245 4.39 

NA NA 
3306 3.48 
4160 4.22 
3420 3.45 
3420 3.45 
4212 4.21 
5043 4.83 
1715 1.84 
2080 2.11 
2110 2.13 
2106 2.18 
2182 2.17 
2430 2.37 
1955 1.98 
2910 2.93 
3527 3.53 
3527 3.53 
1983 2.01 
1983 2.01 
2005 2.08 
2146 2.15 
4325 4.33 
2353 2.30 
2674 2.68 
2469 2.47 
2398 2.44 
2335 2.35 
2216 2.28 
2403 2.43 
2146 2.17 
2911 2.94 

5.2 
4 

4.5 
0.4 
0.3 

5 
1 .5  
4 .6 
4.5 

4 
3 
3 
5 

4 . 5  
4.5 
1.3 
4.5 

5 
2.9 

NA 
4.5 
4 . 5  

5 
5 
5 
5 
4 

3.3 
4.5 
4.5 
2.2 

2 
4.8 

5 
4 . 8  
4.8 
0.5 
0 .5  
0.4 
0.2 

4 
4.2 

4 
5 
4 

2 .1  
0.5 

5 
4.2 
4.5 

2.5 
2 
5 
1 

0.3 
5 

1 .2  
2.5 
4 .6  

1 
0.4 
0.4 
0.5 
2.6 

5 
0 . 5  
2.4 
2.8 
0.7 

NA 
0 .5  

2 
0.8 
0.8 

2 
2.5 
3.6 
2.2 

2 
1.8 

4 
1.1 

4 
4 

10 
7 

0.5 
0.5 
0.5 
1.2 

0.25 
4.6 
1.4 
2.8 
1.4 
2.8 
0.5 
1.2 
1.5 
0.7 

3.6 O.OOE+OO 

3 NA 
4.75 6.40E-05 

0.7 9.87E-03 
0.3 1.43E-04 

5 5.35E-03 
1.35 9.89E-04 
3.55 5.40E-03 
4.55 9.36E-03 

2.5 4.51E-03 
1.7 4.23E-03 
1.7 4.85E-03 

2.75 4.25E-03 
3.55 2.25E-03 
4.75 2.10E-03 

0.9 2.62E-04 
3.45 7.15E-O5 

3.9 1.09E-03 
1.8 2.8OE-03 

NA 2.59E-03 
2.5 2.47E-03 

3.25 9.79E-04 
2.9 1.28E-03 
2.9 3.18E-04 
3.5 3.25E-04 

3.75 5.23E-04 
3.8 9.85E-05 

2.75 1.64E-05 
3.25 3.73E-05 
3.15 9.00E-05 

3.85 5.18E-04 

3 . 1  0.00E+00 

4.4 O.OOE+OO 
1.55 2.13E-04 

4.5 1.09E-04 
7.4 1.62E-04 
5.9 1.15E-04 
0.5 1.43E-04 
0.5 2.02E-04 

0.45 2.00E-04 
0.7 2.18E-03 

2.125 1.52E-04 
4.4 O.OOE+OO 
2.7 1.18E-04 
3.9 6.60E-06 
2.7 6.30E-05 

2.45 NA 
0.5 4.05E-04 
3 . 1  7.10E-05 

2.85 4.30E-06 
2.6 2.72E-05 
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O 65 
O 66 
O 67 
D 68 
O 69 
O 70 
o 73 
o 74 
O 76 
o 77 
o 78 
D 79 
o 80 
o 81  
D 82 
o 83 
o 84 
o 85 
o 88 
o 90 
o 91  
O 92 
D 93 
o 94 
o 95 
D 96 

26 
23 
36 
83 
21 

O 
28 
8 
7 
7 

26 
7 
7 
7 
7 
4 
6 

659 
171 
830 

70 
72 

168 
166 
169 

10332 

26 
23 
36 
82 
20 

O 
28 
8 
7 
6 

26 
7 
7 
7 
7 
4 
5 

658 
171 
829 

70 
72 

168 
166 
169 

10331 

40 
35 
56 

129 
32 

O 
43 
12 
10 
10 
41 
11 
11 
11 
10 
6 
9 

1030 
268 

1301 
110 
113 
265 
261 
265 

15783 

54 
48 
76 

174 
43 

O 
59 
16 
14 
14 
55 
15 
15 
15 
14 
8 

12 
1390 
362 

1756 
148 
152 
357 
352 
3 58 

21307 

2976 
3083 
3119 
3074 
2947 

113 1597 
2026 
1985 
1890 
1943 
1952 
1832 
1832 
2073 
1870 
2134 
2751 
4050 
1031 
1851 
947 

1975 
1770 
1770 
1734 
1541 

2911 2.94 
3024 3.05 
2963 3.04 
3014 3.04 
2988 2.97 
1589 1.59 
2007 2.02 
1878 1.93 
1877 1.88 
1929 1.94 
I975 1.96 
1925 1.88 
1925 1.88 
2100 2.09 
1885 1.88 
2178 2.16 
2770 2.76 
3459 3.75 
999 1.02 

1849 1.85 
951 0.95 

1984 1.98 
1661 1.72 
1661 1.72 
1740 1.74 
1556 1 . 5 5  

4.5 
4.5 

4 
4.4 
4.4 
0.5 
0.7 
1.2 

1 
2 
2 
1 
1 
2 
2 
1 

4.6 
4 

2.2 
2.2 
0.9 
2.2 
0.8 
0.8 
0.6 
3.2 

0.7 
0 . 7  
1.8 
1.6 
1.4 

1 
0.7 
0.5 
1.3 

1 
0.7 
1.5 
1.5 

2 
2 
1 

2.5 
2 . 5  
1 . 5  
0.9 
O. 7 
0.9 
0.7 
0.7 
O. 6 

3 

2.6 2.62E-05 
2.6 2.30E-05 
2.9 3.62E-05 

3 8.28E-05 
2.9 2.11E-05 

O .  75 2.00E-07 
0.7 2.78E-05 

0.85 7.90E-06 
1.15 6.80E-06 

1 . 5  6.90E-06 
1.35 2.61E-05 
1.25 7.30E-06 
1.25 7.2OE-O6 

2 7.40E-06 
2 6.90E-06 
1 4.00E-06 

3.55 6.OOE-06 
3.25 6.59E-04 
1.85 1.71E-04 
1 . 55  8.30E-04 
0.8 7.01E-05 

1.55 7.20E-05 
O. 75 1.68E-04 
0.75 1.66E-04 
0.6 1.69E-04 
3.1 1.03E-02 
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BAGGI 
TERHI Volume Volume 

F rac t i on  F rac t i on  
o2 N2 

Smpl 
IO xo2 Xn2 

O 1 0.036 0.964 
O 2 0.039 0.961 
O 3 0.030 NA 
D 4 0.048 0.952 
O 5 0.007 0.983 
0 6 0.003 0.997 
O 7 0.050 0.945 
O 8 0.014 0.986 
D 9 0.036 0.959 
O 10 0.046 0.945 
O 11 0.025 0.970 
O 12 0.017 0.979 
O 13 0.017 0.978 
D 14 0.028 0.968 
D 16 0.036 0.962 
D 1 7  0.048 0.950 
O 18 0.009 0.991 
O 20 0.035 0.965 
O 21 0.039 0.960 
O 23 0.018 0.979 
O 24 NA NA 
O 25 0.025 0.973 
D 27 0.033 0.967 
O 29 0.029 0.970 
O 30 0.029 0.971 
O 32 0.035 0.965 
D 33 0.038 0.962 
D 34 0.038 0.962 
O 35 0.028 0.972 
D 36 0.033 0.967 
D 38 0.032 0.968 
O 39 0.031 0.969 
O 41 0.016 0.984 
D 42 0.044 0.956 
O 43 0.045 0.955 
O 44 0.074 0.926 
O 46 0.059 0.941 
O 47 0.005 0.995 
D 49 0.005 0.995 
O 50 0.005 0.995 
O 51 0.007 0.991 
O 52 0.021 0.979 
O 54 .0.044 0.956 
O 55 0.027 0.973 
D 56 0.039 0.961 
D 57 0.027 0.973 
O 59 0.025 NA 
D 60 0.005 0.995 
O 61 0.031 0.969 
D 62 0.029 0.971 
O 64 0.026 0.974 

........................ 

A i r  Ei N2 
Flow Rate 
t h r u  Bag MASS E M I S S I O N  RATE 

-_-________------- Bag 
Gas P Temp E.R.  E.R.  
MU m3/hr deg R l b / h r  l b / y r  

545 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28.19 0.28 538 0.0008 6.70 

28.19 0.15 540 Bag apparent ly  leaked 
28.74 0.07 532 0.0039 34.10 
28.02 0.06 533 Appears N 2  may have been pushed i n  t o  source. 
28.59 0.17 554 0.0048 41.94 Poor agreement between 8yron and OVA regard ing bag con 
28.13 0.12 551 0.0006 5.31 
28.53 0.15 546 0.0043 38.09 
28.86 0.13 539 0.0064 56.43 MO o f  0007. repeated because o f  poor agreement between 
28.42 0.23 554 0.0053 46.17 
28.37 0.28 554 0.0062 53.89 
28.42 0.28 554 Sample Dup o f  O012 
28.42 0.31 560 0.0067 58.94 
28.30 0.30 556 0.0035 31.08 
28.34 0.19 561 0.0020 17.69 Poor agreement between Byron and OVA regard ing bag con 
28.05 0.13 539 0.0002 1.63 
28.14 0.15 543 0,0001 0.48 
28.23 0.41 553 0.0023 20.07 
28.27 0.29 559 0.0042 36.36 

28.28 0.24 536 0.0031 27.58 
28.20 0.30 538 0.0016 13.73 
28.21 0.24 548 I n i t i a l / f i n a l  screening d i f f e r e d  by x4 
28.14 0.24 548 I n i t i a l / f i n a l  screening d i f f e r e d  by x4 
28.16 0.30 550 0.0005 4.51 Poor agreement between Byron and OVA regard ing bag con 
28.19 0.35 549 0.0010 8.44 Poor agreement between Byron and OVA regard ing bag con 
28.16 0.13 558 0.0001 0.59 See no te  below on 835. 
28.11 0.15 534 0.0000 0.11 Two s ides o f  pump bagged seperate ly .  Sum l b / y r  f o r  B3 
28.13 0.15 541 0.0000 0.26 
28.13 0.15 552 0.0001 0.62 
28.12 0.15 540 0.0970 849.32 O f f s c a l e  on a l l  ins t ruments.  emission computed from T r  
28.08 0.15 540 0.0002 1.53 
28.18 0.15 540 0.0952 834.52 O f f sca le  on a l l  ins t ruments.  emission computed from T r  
26.19 0.22 541 0.0001 1.12 
28.31 0.33 542 0.0003 2.45 
28.24 0.29 54 2 Sample Oup of 0044 
28.03 0.12 530 0.0001 0.62 
28.03 0.12 530 Sample Dup o f  DO47 
28.03 0.13 528 0.0001 1.22 
28.18 0.13 529 0.0016 13.84 
28.10 0.29 530 0.0002 2.08 
28.18 0.17 548 0.1335 1169.52 Of fsca le on a l l  ins t ruments.  emission computed from T r  
28.12 0.18 550 0.0001 0.99 
28.16 0.18 546 0.0000 0.05 
28.11 0.17 531 0.0001 0.50 

28.05 0.14 531 0.0003 2.69 
28.13 0.17 533 0.0001 0.57 
28.11 0.15 535 0.0000 0.03 
28.11 0.20 537 0.0000 0.25 

NA 0.21 539 0.0291 254.48 Byron o f f s c a l e .  mass emission est imated from Tracor TH 

NA NA 533 Could not  measure N2 f l o w  r a t e  (carbon bed v e n t ) .  

NA 0.16 534 0.1040 910.86 Byron of fsca le,  mass m i s s i o n  est imated from Tracor TH 
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O 65 
O 66 
O 67 
D 68 
O 69 
O 70 
o 73 
o 74 
D 76 
o 77 
o 78 
o 79 
o 80 
o 81  
o 82 
o 83 
o 84 
o 85 
o 88 
o 90 
o 91  
o 92 
o 93 
o 94 
o 95 
O 96 

O .  026 
0.026 
o.  o29 
0.030 
0.029 
o. O08 
O. 007 
o.  O09 
0.012 
0.015 
0.014 
0.013 
O.  013 
0.020 
o.  020 
0.010 
O. 036 
O.  033 
0.019 
0.016 
o. O08 
0.016 
0.008 
o. 008 
O. 006 
0.031 

0.974 
0.974 
0.971 
0.970 
0.971 
0.992 
O. 993 
o. 991 
o. 988 
o. 985 
O. 986 
0.987 
0.987 
o. 980 
o. 980 
o. 990 
0.964 
0.967 
0.981 
O. 984 
0.992 
O. 984 
o. 992 
0.992 
0.994 
o. 959 

28.11 
28.11 
28.12 
28.13 
28.12 
28.03 
28.03 
28.03 
28.05 
28.06 
28.06 
28.05 
28. O5 
28.08 
28.08 
28.04 
28.14 
28.18 
28. o9 
28.12 
28.04 
28. O7 
28.04 
28.04 
28.04 
28.87 

0.20 
0.21 
o. 21 
0.21 
0.21 
o. 10 
O .  13 
o.  12 
0.12 
0.13 
0.13 
o. 12 
0.12 
0.14 
o. 12 
0.14 
0.20 
0.27 
0.07 
0.12 
0.06 
0.13 
0.11 
0.11 
0.11 
0.11 

53 7 
537 0.0000 
541 0.0000 
541 0.0001 
543 0.0000 
540 0.0000 
523 0.0000 
530 0.0000 
524 0.0000 
524 0.0000 
532 0.0000 
533 0.0000 
533 
535 0.0000 
543 0.0000 
534 0.0000 
540 0.0000 
545 0.0009* 
523 0.0001 
524 0.0005 
522 0.0000 
525 0.0001 
527 0.0001 
527 
527 0.0001 
530 0.0061 

Sample Dup o f  0064 
0.22 
0.35 
0.82 
o. 19 
0.00 Poor agreement between Byron and OVA regard ing  bag con 
0.17 Byron ppmv cor rec ted  per RVLewis FAX 
0.04 
0.04 
0.04 
O. 15 
0.04 

0.05 
0.04 
0.02 
0.05 
8.12 
0.55 
4.79 
-0.20 
0.44 
0.86 

0.87 
53.59 

10/1/92 

Sample Oup o f  DO79 

Sample Oup o f  0093 
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D1.0 BAG SAMPLES NOT USED 

Table D-1 identifies the bag samples that were not used in the determination of default zero 
emiss,ion factors and emission correlation equation development and explains the reasoning 
for e:ircluding these samples. Most of these reasons were related to the QC objectives 

outlined in the Quality Assurance Project Plan and repeated in Section 3.5 of this report. 

The reasons for excluding a bag from analysis were generally as follows: 

0 Higher than acceptable 0 2  readings (above 5%). 

8 Higher than acceptable variability in initial versus final screening 
values (generally much higher than a factor of 2 variability). 

8 Leaking bags. 

O Nitrogen flow forcing hydrocarbons back into component (open vents). 

Some. of the components were originally measured at low oxygen readings before the sample 
was taken but by the time the test was completed the oxygen amount had increased 

substantially indicating that a leak in the tent had occurred while testing. 

The IFeat majority of the bag samples that were used in the development of default zero 

emission factors and emission correlation equations had initial versus final screening values 

that differed by less than 20%. In a few select cases, for high emission rate components, 

the Variability permitted was up to a factor of two (or 100%). Furthermore, the variability 

for gis loading arm valves exceeded this factor of two in most cases. The screening values 

for gas loading arm valves varied dramatically based on the number and timing of trucks in 

the ti:rminal while bagging. Highly variable screening values appear to be a consistent 

characteristic of gas loading arm valves. In later testing, the sampling period was extended 

to get better averaging. Bag samples from these components were not deleted based on 
high variability in order to have sufficient gas loading arm valves to analyze. 

D1-1 
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Table D-1 

Bag Samples Not Used 

I B11S 

1 B148 

wo4 

wod 

Do22 

Do24 

Do29 

Dû30 

DO45 

Dû70 

DO71 

I Dû87 

Reason for Deletion 

Gtid s c d g  m i d  point of highest emission 

High variability of screening values 

Baghadaleak 

High variability of initid va. finnl ScrSening values (vOried by a factor of 4) 

High 0 2  (5%); high N2 flow rate for a default ztro cornponesit 

High 02 (up to 8%); not enough sample îaken 

Pump c~ne 011 during sample colktion - =nenecl with off 

High variability of initiril YS. finil scrœaing values (vOrid by a &tor of 10) 

High 0 2  (up to 14%) 

ndiogs from OVA with bag in phce compared to Byron d Tricor GC d t s )  

Nitrogen flow too high for this opcacadsd line, apparently sending nitrogea into vent 00 

vessel (statistical outlier with low bagged mass emissions compared with v q  high 

Bag appears to have leaked (35 minute sample collection time rnd i n d s t e n t  THC 

d g  rate) 

High o2 (up to 10%) 

Nitrogen flow into vat :  nitrogen flow rote not amsurcd 

High variability of initiai vs. find screuúng values (varied by a fator of 4) 

High variability of initid vs. final d g  values (varied by 8 tàctor of 4) 

High 0 2  (up to 10%) 

StUistial outlier; Byron total hydmcubon readings were morc thin two orders of 
mignitudc loww thra both the OVA with the bag in place or the Tnoof &gs 

High vui.bility of initial vs. final screeaing values (varied by 8 €Actor of 5) 

Not ewnigh ample collected? (field nous say very smdl  bag - too much nitrogen flow) 

D1-2 
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A few of the Tedlar" bags developed leaks while in the field. Samples taken with these 

leaking bags could have had ambient air contamination or dilution and were not used in this 
analysis. In two instances it appears that nitrogen flow into tents connected to vents (open- 

ended lines from certain process vessels) actually entered the process vessel. These were 

not conventional open-ended lines from which leakage is controlled by an upstream block 

valve, These were vents leading straight to the vapor space of storage tanks or other 

atmospheric pressure vessels. Without a block valve to prevent a backfiow, the hydrocarbon 

vapors that were being emitted prior to the bagging were forced back into the process vessel 

by the nitrogen. 

In only one case (sample D070) was a bag sample discarded without a QC or physical 

explanation of the problem with the sample. After plotting up the mass emission correlation 
with the screening value for this component it was determined that it was a statistical 

outlier. Further review showed that the total hydrocarbons reported from the Byron 301 

were more than two orders of magnitude lower than the total hydrocarbons reported from 

the OVA with the tent in place and the Tracor GC readings. It is not known why the Byron 

301 results were so low, but it appears that this Byron reading was not correct and the 

sample was not used in this analysis. 

D1-3 
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D2.0 BYRON TOTAL HYDROCARBON ANALYSIS RESULTS 
The accuracy of the Byron 301 was determined by evaluating multiple concentration level 

calibration curves and daily QC checks using methane and propane. The methane 

calibration curves were all within QA/QC objectives for correlation coefficients indicating 

excellrmt accuracy. 

The pcrcent recovery of the methane concentrations analyzed were within 80-120% of the 

true vialue for 87% of the samples analyzed, indicating good accuracy. The percent recovery 

of the propane samples needs some additional explanation. The propane calibration gas 

cylinders appear to have been incorrectly labeled by the vendor (with the exception noted 

for Site B). The cylinders came from the same vendor and were apparently generated from 

a controlled dilution of gas from the same source, as the four samples produced linear 

responses from the FID. 

During the Site D study, checks with 100 and 1,ooO ppmv hexane calibration gases from two 

separa.te vendors suggested that concentrations of the propane calibration gases were all 

approximately 35% higher than the label values. Subsequent testing against another 

propane calibration gas in the Radian lab in Austin confirmed that the propane calibration 

gas within 4% of the value indicated by the hexane calibration gases. With the 

understanding that the propane standards were consistently in error (with the exception 

discussed for Site B), the results of these accuracy tests show very good accuracy. The 
consisitent error was accounted for in all test results. 

D2.1 SITE A 

Six different multiple concentration level calibration curves were performed using methane, 

and 14 using propane. The linearity of the calibration curves was evaluated using the 

correlation coefficient, which should be greater than or equal to 0.995. The correlation 

coefficients were all greater than 0.995, indicating changes in the instrument response were 

systematically associated with changes in gas concentration for both methane and propane. 

D2- 1 
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The percent recovery of the concentrations analyzed provides a measure of the analytical 

accuracy, and should between 80-120% of the true value. There were 17 methane data 

points to evaluate. The average percent recovery was 117%, with only four of the recoveries 
outside of the acceptable range (one high response on 3/11, two on 3/12 and one on 3/13). 
The average percent recovery of the 38 propane data points was 102%, with only six of the 

recoveries outside of the acceptable range (low responses on 3/11,3/12, and 3/16, one high 

response on 3/23, and two on 3/24). 

D2.2 SITE B 
Four different multiple concentration level calibration curves were performed using 

methane, and 11 using propane. The correlation coefficients were ali greater than 0.995, 

indicating the instrument responded in a linear manner to different gas concentrations of 

both methane and propane. 

There were 10 methane data points to evaluate. The average percent recovery for methane 

was 100%. AU of the recoveries were within the acceptable range. 

The average percent recovery of the 29 propane data points was 92%. All of the low 
responses were caused by using a mid-level standard which was from a different vendor than 

the other standards. Without the odd standard, the percent recovery for Site B propane 

samples was 100 percent. In reality, this odd-standard was the only standard that had the 

concentration labeled accurately. The incorrectly labeled remaining standards were 

generated from a controlled dilution of gas from the same source. However, because three 

gas cylinders were consistent and this mid-level standard was different, it was replaced with 

the same source as the others and the concentration was also incorrectly labeled. 

I 

1 

D2-2 
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D2.3 SITE D 
Nine different multiple concentration level calibration curves were performed using both 
methme and propane. The correlation coefficients were all greater than 0.995, indicating 
changes in the instrument responded in a linear manner to different gas concentrations of 

both methane and propane. 

There were 28 methane data points to evaluate. The average percent recovery was 10296, 
with oniy three of the recoveries outside of the acceptable range (one low response on 8/22 

and two high responses on 8/29). The average percent recovery of the 49 propane data 
points was 103%, with only seven of the recoveries outside of the acceptable range (low 

response on 9/2, one high response on 8/25, two on 8/28, two on 8/29, and one on 9/1). 

D2-3 
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D3.0 
Several different types of QC samples and checks, including calibrations using multiple 

concentration levels and daily analysis of QC standards were performed and evaluated to 
measure the accuracy of the data produced. The results of these accuracy checks are 

presented in Subsections D3.1, D3.2, and D3.3 for Sites A, B, and D, respectively. Results 

of laboratory duplicate sample analysis were used to evaluate precision. These results are 

presented in Subsection D3.4. 

GCIFID (TRACOR GC) ANALYSIS OF SPECIFIC HYDROCARBONS 

D3.1 SITE A 

D3.1.,1 Conclusion 

The QC information suggests that the vapor data from Site A started out to be reasonably 

accurate and became progressively worse throughout the testing period. The data produced 
using the latter calibration curves (from 3/18 to 3/27) are not as quantitatively accurate as 
are the previous data (3/13 - 3/18). For both liquid and vapor analyses, though the strict 

QA/QC accuracy criterion were not always met, the data appear to be usable both because 

of the qualitative accuracy and general quantitative accuracy exhibited. Perhaps the 

degradation of quantitative accuracy occurred by contamination of the Tracor GC over time. 

Ail o€ these data are still used in the evaluation presented in Section 5.7. However, Tracor 

GC results presented for Site A need to be used with caution. 

D3.1.2 Calibrations 

The linearity of the three-point calibration curve was evaluated using the correlation 

coefficient, which had as a QA/QC objective to be greater than or equal to 0.995. Tables 

D-2 and D-3 list the correlation coefficients obtained for the Site A Tracor GC liquid and 

vapor data, respectively. 

D3.1.,2.1 Liauid Data 

Two liquid calibration curves were prepared. The correlation coefficients from the first 

indicate the calibrations were acceptable (criterion was met) for all compounds except 
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Table D-2 

QC Results for Specific Hydrocarbons by 
GC/FID Analysis for Liquids 

Site A 

Correlation Coefficient Correlation Coefficient 
for Liquid Calibration for Liquid Calibration I ComDound on 3/18/92 on 3/27/92 

n-hexane 0.99949 0.99592 

iC8/MTBE 0.9996 1 O. 96445 

Benzene 0.99772 0.98541 

Toluene 0.99853 0.99503 

Ethyl Benzene 0.99959 0.99232 

p-x ylene 0.99387 0.98836 

m-xy lene 0.99959 0.99937 

I 0.99930 I 0.99108 

II o-xviene I 0.9993 1 I 0.99022 
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Compound 

n-hexane 

iC8lMTBE : Benzene 

Table D-3 

QC Results for Specific Hydrocarbons by 
GC/FID Analysis for Vapors 

Site A 

Correlation 
Coefficient 
for Vapor 

Caübration 
on 3/17/92 

Correlation 
Coefficient 
for Vapor 
Calibration 
on 3/18/92 

Correlation 
Coefficient 
for Vapor 

Calibration 
on 3/25/92 

Correlation 
Coefficient 
for Vapor 
Calibration 
on 3/13/92 

0.998 0.964 1 .o00 O. 994 

0.966 0.993 0.984 0.966 

0.996 0.985 0.977 0.996 

Toluene 

Ethyl Benzene 

p-x ylene 

m-x ylene 

- 
- 
- 

0.993 0.993 0.999 0.900 

0.999 0.999 0.989 0.955 

0.999 0.999 0.988 O. 999 

0.999 O. 999 0.995 0.990 

Cumene 

o-x ylene 
- 0.999 0.999 0.994 0.984 

0.996 0.996 0.994 0.943 
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pxylene, and therefore, data analyzed from 3/18 to 3/20 were probably fairly accurate (except 

for four compounds on 3/20; see 96 drift discussion, below). For the second calibration, the 

correlation coefficient for the majority of compounds did not meet the strict QA/QC criterion. 

Therefore, for data analyzed on 3/27, quantitation was not likely to be as accurate as previous 

data. 

D3.1.2.2 Vapor Da4 
Four different vapor calibration curves were prepared. The correlation coefficients for the first 
two (3/13 and 3/17) were generally acceptable (criterion was met for most compounds), the 

exceptions are for n-hexane, iC8/MTBE and toluene. Therefore, vapor data collected from 
3/13-3/17 for these three compounds may not be as quantitatively accurate as that for the 
remaining compounds. Correlation coefficients from the last two calibration cumes (3/18 and 

3/25) indicated a lack of linear response for the majority of compounds. Therefore, vapor data 

generated on the Tram from 3/18 to 3/27 should be interpreted as quantitative estimates, though 

qualitatively accurate. 

D3.1.3 

Results from analysis of the calibration check, or QC, standards were used to calculate the 

percent drift. The percent drift measures the amount of change in the instrument response to 

a known standard, and should be within f35% according to the QAPP. For instances when this 

criterion was not met, the instrument response to compounds varied from the response when the 

instrument was calibrated by more than f3596, and therefore, associated data are more 

appropriately only used as quantitative estimates. 

OC Standards - Percent Drift 

3.1.3.1 Liauid DaB 
The liquid percent drift results met the acceptance critena approximately 70% of the time. The 

most notable day of "instrument instability" was 3/20. The compounds most frequently affected 
were iC8/MTBE, m-xylene, cumene, and benzene. The percent drift information indicates 

results for the former three compounds are likely to be biased low and those for benzene are 

likely to be biased high. 
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D3.1.:3.2 Vauor Data 
The percent drift results met the acceptance critena approximately 75% of the time. Most 

notable days of "instrument instability" were 3/16 and 3/25. The compounds most frequently 
affected are n-hexane, iC8/MTBE, benzene and toluene. The percent drift information indicates 

results for the former three compounds are likely to be biased low and those for toluene are 

likely to be biased high for approximately half of the days samples were analyzed. 

3.1.4 Laboratorv Precision Checks 

Analytical precision is measured by the Relative Percent Difference (RPD) between QC sample 

(calibration check) duplicates. The acceptance cntena is for an FWD of less than 50% for 80% 

of the calibrated compounds for intra-day duplicates (duplicates analyzed on the same day), In 

instances where intra-day duplicates were not available, inter-day duplicates (duplicates analyzed 

on different days) were used. The variability exhibited by the inter-day pairs is expected to be 
greater. RPDs up to 1 0 %  for inter-day comparisons are acceptable for GC analyses. 

3.1.4.1 Liquid Data 

Daily liquid QC samples were not analyzed in duplicate. Therefore, the laboratory precision 

was assessed by comparing the two pairs of inter-day QC sample results. RPDs for all 

compounds for both pairs were less than 50%, except for one RPD of 96% for benzene. These 

results indicate the liquid data is reproducible. The RPDs are summarized in Table D-4. 

D3.1.4.2 Vauor Data 

QC sairnples (calibration checks) of the same concentrations were analyzed in duplicate on two 

of the nine days vapor samples were analyzed. In addition, an inter-day comparison of 
responses was also made from QC sample results in two instances. The analytical precision for 

the intra-day duplicates met this objective in both instances. "he inter-day variability was 

generally acceptable as well. All RPDs were less than 50%, except for those between 
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Table D-4 

Relative Percent Difference (RPD 
of Hydrocarbons Analyzed - Liquid Data 

Site A 

Compouncb Not Meeting 
Date RPD Range Inter-day Criterion 

3/19 - 3/20 (Standard 1) 0-5096 None 

3/19 - 3/20 (Standard 2) 15-9696 None i .  
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the n-hexane and iC8/MTBE pairs, which were both less than 100%. Overall, the precision data 
suggests that the results are reproducible. The RPDs are summarized in Table D-5. 

D3.2 SITE B 

D3.2.1 Conclusion 

The QC information suggests that the quantitative accuracy of both the liquid and vapor data 

from Site B are in question. Though qualitative identification was acceptable, the QC data from 

this site indicates the concentrations reported should be used as estimates. In particular, all of 

the liquid data and the vapor data from 4/28/92 analyses should be considered primarily 

qualitative. All of these data are still used in the evaluation presented in Section 5.7. Clearly, 

thex: Tracor GC results for Site B need to be used with caution. 

D3 2.2 Calibrations 

The ]linearity of the three-point calibration curve was evaluated using the correlation coefficient, 

which should be greater than or equal to 0.995. 

D3.22.1 Liquid Data 

One iiquid calibration curve was prepared. Only the correlation coefficients for n-hexane and 

benzene met the strict QA/QC objective. Therefore, liquid Tracor GC data from Site B should 

be uml as estimates only. Tables D-6 and D-7 list the correlation coefficients obtained for the 

Site :B Tracor GC liquid data. 

D3.2.2.2 Vapor Date 

Three different calibration curves were prepared, one on 4/21/92, one on 4/23/92 and the third 

on 4/23/92. For the first vapor calibration curve, the correlation coefficients for benzene, 

toluene, and m-xylene were all less than 0.995, indicating vapor data for these three compounds 

may not be as quantitatively accurate as that for the remaining compounds. For the remaining 

two vapor calibration curves, only the n-hexane correlation 

I 
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Table D-5 

Relative Percent Differenct (RPD 
of Hydrocarbons Analyzed - Vapor Data 

Site D 

Compounds Not Meeting 
Date RPD Range intra-day Criterion 

31 18/92 0-46 % None 
31 19/92 5-3096 None 

3/13/92 - 3/16/92 4-80% n-hexane 
iC8IMTBE 

n-hexane 
iC8IMTBE 

1 3/25/92 - 3/26/92 6-83 % 
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Il Compound 

Table D-6 

Il Correlation Coefficient for 
Liquid Calibration on 5/4/92 

QC Results for Specific Hydrocarbons 
by GUFID Analysis for Liquids 

Site B 

isooctane 

MTBE 

O. 985 85 
0.98723 

II n-hexane I O. 99984 II 

Toluene 

Ethvl Benzene 

0.99073 

0.99065 

Ihnzene 

p-xylene 

m-x ylene 

O. 99 865 

O. 98699 
O. 9865 8 

II 

Cumene 

o-x y lene 

0.99358 

O. 99256 
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Table D-7 

QC Results for Specific Hydrocarbons 
by GC/FID Analysis for Vapors 

Site B 

Correlation 
Coefficient for 

Vapor Calibration 
Compound on 4/21/92 

n-hexane 1 .o00 
iCS/MTBE 1 .o00 
Benzene 0.961 

Toluene 0.979 

Ethyl Benzene 0.998 

p x  y lene 0.998 

m-xylene 0.991 

Cumene 0.997 

o-xylene 0.997 

Correlation Correlation 
Coefficient for Coefficient for 

Vapor Calibration Vapor Calibration 
on 4/23/92 on 4130192 

0.961 I 0.9995 

0.9897 I 0.9833 

0.987 1 0.9916 

0.9868 0.942 

0.9907 0.9942 

0.9571 0.9949 

0.9827 0.9829 

0.991 1 0.9871 
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coefficient from the 4/30/92 calibration met the objective. Therefore, vapor data generated on 
the Tracor from 4/23 to 5/4/92 should be used as quantitative estimates only. 

D3.2.3 OC Standards - Percent Drift 

D3.2.3.1 Liauid Data 

The prrcent drift results did not meet the acceptance criteria (Le., were outside of f35 %) for 
eight of the ten compounds from the calibration check performed on 5/4. These results indicate 

that except for benzene and MTBE, all liquid results are likely to be biased low. This degree 

of bias does not render the data unusable as long as the results are interpreted with this bias in 

mind. 

3.2.3.2 Vamr Data 

Seveniteen data points are available for percent drift for most compounds. (Calibration checks 
were performed in duplicate on most days). Approximately 70% of the percent drift results met 

the acceptance criteria of +35 % , indicating the instrument response exhibited some degree of 

instability. The average percent recoveries for the nine compounds ranged from 83-13 1 %. 

(Percent recovery is inversely related to percent drift; e.g., if the percent drift was -35%, the 

percent recovery of the compound based on the recovery used to obtain the response factor 

calibration is 135 % .). The fairly stable average percent recoveries indicate the accuracy of the 

data is, generally acceptable, and that overall, the data is usable. 

D3.2.4 Laboratow Precision Checks 

D3.2.4.1 Liauid Data 

QC information for only one day was reported (5/4). The QC check was not performed in 

duplicate; therefore, precision data are not available. 
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D3.2.4.2 VaDor Data 

QC samples were anaiyzed in duplicate on five of the eleven days vapor samples were 
analyzed. Analytical precision for the vapor data is measured by the Relative Percent 
Difference (RPD) between the daily duplicates. An RPD of less than 50% for 80% of the 

calibrated compounds is considered precise. Though the analytical precision did not meet 

this strict objective on 4/28 and 4/29, data associated with RPDs as high as 100% (i.e., 

results agree within a factor of three) are still considered to be acceptable. The RPDs are 

summarized in Table D-8. 

D3.3 SITE D 

D33.1 Conclusion 

The QC information suggests that the analytical accuraq of the liquid data is quite good. 

The calibration cume was linear, the instrument response was stable, and the agreement 

between the QC checks from one day to the next was acceptable. 

The vapor data is not quite as accurate. The original vapor calibration (8/22/92) for the 

majority of compounds showed systematic agreement with changes in gas concentration. 

However, the correlation coefficients for the second vapor calibration (9/1/92) did not meet 

the strict criterion for the majority of compounds. This suggests the data produced using 

the latter calibration curve may not be as quantitatively accurate as are the previous data. 

The stability of the instrument response was generally acceptable for this matrix. The 

precision exhibited by the duplicate daily QC checks indicates that while the vapor data are 

somewhat variable, the overall agreement is acceptable. All of the Tracor GC data are used 

in the evaluation presented in Section 5.7. 

D332  Calibratiorg 

The linearity of the three-point calibration curve was evaluated using the correlation 

coefficient, which should be greater than or equal to 0.995. Table D-9 lists the correlation 
coefficients obtained for the Site D Tracor GC liquid and vapor data, and demonstrates that 
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Table D-8 

Relative Percent Difference (RPD) 
of Hydrocarbons Analyzed 

Site D 

11 Date I RPDRange 

II 4/23/92 I 9 4 9 %  

II 4/24/92 I 13-65 % 

II 41 251 92 I 3-41 % 

4/29/92 0-10996 

Il Compounds Not 
Meeting Criterion 

None II 
Il benzene 

None II 
benzene 
toluene 
ethyl benzene 
cumene 
xylene 
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Table D-9 

QC Results for Specific Hydrocarbons 
by GC/FID Analysis for Liquids and Vapors 

Site D 

Coefficient for Coefficient for 

* Onginai (8/22/92) benzene response factor used 
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for liquid data, the calibration curve was linear for all nine compounds, indicating accurate 
quantitation of each species. For vapor data, two different calibration curves were prepared, 

one on 8/22/92 and the second on 9/1/92. For the first vapor calibration curve, the correlation 
coefficients for n-hexane, m-xylene and cumene were all less than 0.995, indicating vapor data 
for these three compounds may not be quantitatively accurate. Note that for all three 

components, the correlation coefficient is greater than 0.991. For the second vapor calibration 

curve, only the toluene correlation coefficient met the objective. Therefore, vapor data 

generated on the Tracor GC from 9/1 to 9/2/92 for the eight remaining compounds may not be 

quantitatively accurate, However, only two samples used in the evaluation shown in Section 5.7 
are impacted by these QC results @O85 and D088). 

D3.3.3 QC Standards - Percent Drift 

D3.3 $3.1 Liauid Data 

The majority of percent dnft results were less than +20%, indicating the instrument response 

was s8table and results were accurate. The +37.8% drift for n-hexane on September 2, 1992 

was the only time the strict objective of I35 % was not met, indicating the n-hexane results from 

September 2 may be biased slightly low (the percent recovery of the original area obtained is 

62.2%). The only sample of these used in the evaluation shown in Section 5.7 affected by this 1 result is D088. 

D3.3 -3.2 Vamr Data 

The :majority of percent drift results were less than +35%, indicating the stability of the 

instrument was acceptable. Responses for iC8/MTBE on 8/24, p-xylene and cumene on 8/26 

indicate the associated results are likely to be biased slightly low, and responses for m- and o- 
xylenes on 8/27, m-xylene and benzene on 8/29 indicate the associated results are likely to be 

bim3 slightly high. 
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D3.3.4 

D3.3.4.1 
Though duplicate QC samples were not analyzed for liquid data, analytical precision &n be 
measured based on the coefficient of variation (CV) between the four mid-level QC samples. 

CVs < 20% indicate good precision. The CVs for each of the nine compounds met this 

criterion and are summarized on Table D-10. 

03.3.4.2 w r  DíU 
QC samples were analyzed in duplicate on seven of the nine days vapor samples were analyzed. 

Anaiyticai precision for the vapor data is measured by the Relative Percent Difference (RPD) 

between the daily duplicates. An RPD of less than 50% for 80% of the calibrated compounds 

is considered precise. Though the anaìyticai precision did not meet this objective on 8/28 and 
8/29, &ta associated with RPDs as high as 100% (Le., results agree within a factor of three) 
are still considered to be acceptable. The RPDs are summarized in Table D-11 and in almost 

all cases are below 10096, indicating they are acceptable. 

D3.4 TRACOR GC LABORATORY DUPLICATE ANALYSIS 

D3.4.1 d Data Anaim 

For gas chromatography methods involving speciation (Le., Tracor GC analysis), data associated 

with RPDs of less than or equal to 50% (Le., results agree within a factor of two) are 
considered precise. Depending on the sample collection and analytical method used, data 
associated with WDs as high as 100% @e., results agree within a factor of three) are still 
considered to be acceptable through reproducing the results obtained could be difficult. RPDs 
of greater than 100% indicate the results from at least one member of the duplicate pair may be 

inaCCUratC. 
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I ComDound 

Table D-10 

cv 

Coefficient of Variation (CV) 
for Hydrocarbons Analyzed 

Site D 

px ylene 

m-x ylene 

o-x ylene 

Cumene 

7% 

5 %  

6% 

10% 

ln-hexane I 15 % 

11 iC8/MTBE I 12% 

Benzene 

Toluene 

Ethyl Benzene 
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Table D-11 

Relative Percent Difference (RPD) 
of Hydrocarbons Analyzed 

Site D 

Compounds Not 
Date RPD Range Meeting Criterion 

8/22/92 0-4996 None 

8/25/92 0-23 96 None 

8/26/92 5-6646 p x  ylene 
m-x ylene 
cumene 
o-x y lene 

8/27/92 2-58 % iC8IMTBE 

8/28/92 39-64 % n-hexane 
toluene 
ethyl benzene 
p x  y lene 
cumene 

8/29/92 11-103% n-hexane 
iC8/tBME 
benzene I toluene 

II 9/2/92 I 2-61 46 I iC8ItBME 
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One duplicate liquid sample was collected and analyzed at Site B and 15 at Site D. 
(Duplicate liquid samples were not collected at Site A.) The RPDs from the pairs of total 
speciated results from both sites are less than 50%, indicating the Tracor GC results for 
indicate good overall liquid samples are acceptable. Sample specific RPDs are presented 

in Table D-12. 

The íollowing site-specific discussions each include a comparison of the benzene, toluene, 

ethyl benzene, and xylene (BTEX) RPDs as well as a comparison of the total concentrations 

of speciated compounds which includes all aliphatics, alkenes and aromatics (BTEX 
compounds). The BTEX comparison is included to provide an indication of the precision 

obtained for individual compounds. 

D3.4.1.1 Site B 
The IBTEX and total speciated liquid sample duplicate data suggest that while the total 

speciated concentrations agree, the results for the aromatic compounds benzene and m- 

xylene may be difficult to reproduce. 
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D3.4.l.2 Site D 

The average RPD of 10% for the total speciated results indicates excellent agreement was 
obtained. The average RPDs for the BTEX compounds ranged from 14 to 16%, also 
indicating excellent agreement. 

D3.4.12 VaDor Data Analvsis 

One duplicate vapor sample pair was collected and analyzed from Site A, and seven each 

from Sites B and D. Except for one pair from Site B, all the RPDs from the pairs of total 

speciated results are less than 50%, indicating the GC/FID results for vapor samples are 

acceptable. Sample specific RPDs are presented in Table D-13. 

As with the discussion of duplicate liquid samples, the following site-specific discussions each 

include a BTEX comparison to provide an indication of the precision obtained for individual 

compounds and for total speciated results. 

D3.4.:2.1 Site A 

The only compound detected in both members of this duplicate pair was p-xylene. The 
RPD of 37% indicates good agreement between the results. 

D3.4.12.2 Site B 

The average RPD of 21% for the total speciated results indicates good overall agreement 

was olbtained. The average RPDs for the BTEX compounds ranged from 17 to 32%, also 

indicating good agreement, overall. The exceptions include the total speciated results from 

sample B151 and its duplicate (RPD of 67%). As previously noted, an RPD between 50 

and 10% is considered acceptable, though the results may be difficult to reproduce. The 

majoiity of variability for this sample pair is due to lack of agreement between the aliphatic: 

compound results (RPD of 175%, not shown in Table D-13) and between the toluene 

results (RPD 147%). In addition, greater than expected variability was exhibited by the o-. 

xylem duplicate sample pair from BO98 (RPD = 117%), though agreement between the 

total speciated results was not significantly affected for this duplicate pair. 
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D3.4.2.3 site D 

The average RPD of 13% for the total speciated results indicates excellent overall 
agreement was obtained. The average RPDs for benzene, toluene, and m-xylene were all 
less than 50%, also indicating good agreement. The RPD for the o-xylene and ethyl 

benzene results bom the DO90 pair (RPDs of 151% and 141%, respectively) indicate the 

results for these two compounds from at least one of these samples may be inaccurate. 

However, the RPD of 4% for the DO90 total speciated results pair indicates the precision 

for the overall concentration reported was not adversely affected. 
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D4 .O 
Method, sample, and laboratory duplicates were collected for total hydrocarbon bagging results. 

The sampling tent is dismantled and rebuilt between tests for method duplicates. For sample 

duplicates, a second bag is pulled from the same tent anangement. Laboratory duplicates are 
when one field sample is analyzed in duplicate in the laboratory. Method and sample duplicates 
were used in determining precision for the OVA and Byron. Laboratory duplicates were used 

to determine precision of the Tracor GC. Four method duplicate pairs were collected and 
a n a l y : d  at Site A, and seven at Site D. Seven sample duplicate pairs were collected at both 

Sites B and D. One laboratory duplicate liquid sample pair was collected and anaiyzsd at Site 

B, anNd 15 at Site D. In addition, one laboratory duplicate vapor sample pair was collected and 

anaîy:zed from Site A, and seven each from Sites B and D. 

METHOD AND SAMPLE DUPLICATE RESULTS 

Method and sampling duplicates can have sampling variability, analytical variability, and 
component variability. Component variability occurs when the component itself leaks differently 

between sampling events (a common occurrence for components with fugitive emissions). 

D4.1 

For the Byron and OVA, data associated with RPDs between 50% and 100% are considered to 

be prtxise. The average RPDs are all less than 5096, indicating that overall, the precision is 

accep'table. There are some individual exceptions however. Sample specific RPDs are presented 

in Taliles D-14 through D-16. 

BYRON AND OVA TOTAL HYDROCARBON QC ANALYSIS RESULTS 

Methtd and sample duplicates were both collected at Site D. A comparison of that data, as well 

as the data from the other two sites indicates approximately the same degree of precision was 

obtainied for method duplicates as for sample duplicates. Therefore, it is possible that the 

variatility exhibited is largely a function of the sample collection and analysis process, and that 

the reconstruction of the tent does not have as much effect on the precision of the results. 
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Table D-14 

Hydrocarbon Bagging Results 
for Site A Method Dupiicates 

AO11 1M.o 41 40 
M l 2  1m.o 22% 1- 
A039 328 21 
AO40 18.2 S7% 16 
AOS2 3S2 12 
AOS3 3x2 0% 14 
AOS7 46.a 
AOS 41.4 12% 18 

Average RPDs 23% 

RPD - Reiative Perrcnt DUfcrriioe 
NC =No<rririilikd 

% RPD 

94% 

29% 

16% 

NC 

46% 
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Table D-15 

Hydrocarbon Bagging Results 
for Site B Sample Duplicates 

Bon 
Bon 
80811 
Bo86 
Bo95 
Bo96 
BI06 
B 101 
BI17 
B1lS 
8132 
8133 
BI43 
8144 

585 
286 
800 
7m 
3240 
4617 
364 

4875 
80 

785 
22 
22 

23.8s 
31 3 

71 
69% U? 

46s 
11% 49s 

gg26 
35% 16964 

382 
29% 422 

21 
2% 23 

13 
0% 13 

13 
28% I 

AvemgeRPb 25% 

% RPD 

109% 

6% 

63% 

10% 

11% 

1% 

S8% 

37% 

RPD - Relative Perccat Diffcrcnrc 
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Table 1)-16 

Hydrocarbon Bagging Results 
for Site D Method and Sample Dupliam 

*Pk 

D7 
Dl0 
DI2 
D13 
D14 
D29 
D30 
D32 
D44 
D46 
M7 
D49 
DSO 
Da 
D6S 
Dsb 
D79 
Dm 
D8l 
D93 
D94 
Im 

code 

MD 
SD 
SD 
MD 
SD 
SD 
MD 
SD 
SD 
SD 
SD 
MD 
SD 
SD 
MD 
SD 
SD 
MD 
SD 
SD 
MD 

Avenge RPIb 

A y  OVA 

car &r 

rn) 
195000 
47600 
3080 
3080 
tu0 
1562 
1 s62 
2860 
168 
147 

1803 
1803 
1W.S 
1485 
1485 
155 

115.5 
115.5 
105 

280.75 
ak75 
a 

MD 
%RpD 

122% 

32% 

59% 

0% 

4% 

10% 

25% 

36% 

0% 

0% 

13% 

0% 

0% 

0% 

0% 

2% 

11146 
193lM 
sa4 
iaia 
8908 
m 
671 
687 
3a) 
240 
225 
429 
42s 
% 
w 
48 
U 
1s 
1s 
357 
3s2 
393 

MD 
%rn 

U% 

13% 

2% 

1% 

13% 

1% 

2% 

12% 

SD 
% RPD 

13% 

83% * .  

34% 

62% 

I .  L 

4% 

1% 

1% 

zu5 
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D4.1.1 Site A 

The average WDs of 23% and 46% for OVA and THC (Byron) concentrations, respectively, 

indicate good overall agreement was obtained. RPDs for each OVA and Byron results pair were 
less ,than 100%, indicating the results are reproducible. 

04.1.2 Site B 

The average RPDs of 25 % and 37 % for OVA and THC (Byron) concentrations, respectively, 
indicate good overall agreement was obtained. The exception is the Byron results from the 
B07:!/B073 pair (RPD of 109%). The OVA RPD of 69% was also higher than that for the other 

samples at this site. The general lack of agreement for results between this pair indicate results 

for at least one member of the pair may by inaccurate. 

D4. :I .3 Site D 

D4.:1.3.1 Method Duplicates 

The average RPDs of 36& and 12% for OVA and THC (Byron) concentrations, respectively, 

indicate good overall agreement was obtained. The exception is the OVA results from the 

D7/1D10 pair (WD of 122%). The Byron of 54% was also higher than that for the other 

samples at this site. The general lack of agreement for results between this pair indicate results 

for at least one member of the pair may be inaccurate or have high source variability. Please 

note that different from other method duplicates, the sample pair D7 and D10 were collected on 

different days, thereby increasing the chance of obtaining variable data. 

D4.1.3.2 Sample Duplicates 

The average RPDs of 2% and 28% for OVA and THC (Byron) concentrations, respectively, 

indicate good overall agreement was obtained. RPDs for each OVA and Byron results pair were 

less than 100%, indicating the results are reproducible. 
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TRIP REPORT 

1.0 SUMMARY 

A site visit and test observation were performed on 21 A p d  through 24 Apni 1992 as per EPA 

Work Assignment No. 17. 

The piirpose of the trip was to observe the fugitive 

emissions test work (bagging) being pcrformcd by the Radian Corporation (RADIAN) for the 

American Petroleum Institute (Mi). RADIAN, un& contract with Mi, is developing emission 

factors to defuie the emissions from buk ümsferfloading terminais. The originai scope of work 

included screening of three (3) faditics and bagging at two (2) of those facilities. 

in general, the program is being performed by an expcritnced and competent field team who, 
within the frameworlr of the test program as it is being puformai, should produ# good data 
Them arc, however, some aspects of the program that may require cladfication. For example, 

load arms appear to be a major source of fugitive emissions by virtue of the liquid gasoline lost 

during each disconnection of the load coupling. "his occurs literally hundnds of times per day 

an& thexcfm, this component category is important and rcquirts adequate characterhation. 

Another arca of concern is the use of tygon silicone rubber tubing for VOC sampling. Tygon 

is gentrally not used for VOC type sampling because it can absorb some VOC's. niese 
technical concerns and some QAP departures arc discussed in the body of this rcporL 

Concerning the program schedule and performance, it is ciniitntiy anticipated that testing at the 

will be completed by 5 M a y  1992. operations wiil then be 
. As of 23 April, Radian wii l  be perfarming bagging at a third facility 

starting in mid to late May. Bagging wii i  be perfarmed at a thixd facility for at 
least two xcasons. First, 60 not 80 bags were collected in and second, the buk of the 
compontnts screened so far have sa#ning values less than 500 ppmv. It is expected that the 

rtlocattd 
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older facility may yield morc components in the higher emission levels. Bagging 

at the third facility will also facilitate observation by EPA personnel of the load arm leakage, 

correction of protocol departures and the other technical concerns idcntified in this report. 

. 

1.1 TEST POPULATION 

The sampling matrix being used for this program divi&s the screening data for bagging into 
seven (7) emissions icvcls. The levels arc as follows: 

~ ~~ 

Emission Level Concentration Range 

1 O 

2 1 

3 100 

4 500 
5 LOO0 
6 10,ooo 

7 

Section 5 Page 4 of the Quality Assurance Pian (QAP) discusses how the bagging data will be 
treated. 

Section 3 Page 1 discusses the screening papulation and states that a maximum of 1.500 

components per site wiîi be screened. It is notchrfnrm the QAP or from the site visit whether 
this value nqxesents the maximum number of d g s  per facility or the maximum number 
of scr#níngs per component category. 

m- - 2 -  
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2.0 SAMPLING APPROACH 

2.1 TESTTEAM 

For screening and bagging, RADIAN is using tweman test teams. Screening is being performed 
by a technician and the field team leadcr. Bagging is being performed by the field team l&r 

responsible for sample collection and an analyst responsible for all on-site analyses. Continuity 
in the data and effort is provided by the dedicated pcrsonntl. The field team I& and analyst 
are dedicated to the project and will ptrform most or all of the screening and bagging at all thnt 
facilities included in the study. RADIAN'S bagging taun was staffcd by Messrs. Dave Ranum 
and Ken Houston. Mr. Ranm scmcd as the field tcam leader and Mr. Houston was the analyst. 

Mr. Bob Schiller was the faciiity contact. Mr. Schiller was not on site during the 
observation period. The WESTON observer was Mr. Tom &nistiel. 

2.2 BAGGING 

As mentioned, the field m m  leader alam is responsible far identifjing amdiutes for bagging 
and bag sample collection. Bag samples ~~lic c o l l d  at a rate of approxhately one per how. 

While this approach is datively slow, it should produce good quality data as one experienced 

person will thcureticaiiy be collecting all samples. The only potential negative aspect of this 
approach is that the two tcam members might be pnoccupied to a dem that may not facilitate 
observation at the facility or in the on-site interpretation of data that might ai& in t a i l h g  or 
fine tuning the test p p m .  

2.2.1 Baeeine Oualitv Control 

Besides normal procedures for OVA and rotameter calibrations, two quality conml procedures 
spe&c to bagging studies are being implemented. rite test protocol discusses the reicase of 
methane at a known rate and subsequent sample collection and analysis. This release and capant 
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determination, according to the protocol will be performed once per site. At the Southgate 

facility, this determination was performed on 21 April 1992. Good results werc repartcd but the 

test was not observed by WESTON. In the opinion of the o b m e r ,  one release and capture 

determination per site represents the ban minimum for sampling accuracy. Since methane is the 
compound released, sample analysis is fast and analytkd backlog is not created. It is &sirable 
to perform release and capturc experiments at mon than ont emission rate, generally, a high and 
low level which would mean 2-3 samples per site for a total of 4-6 release and capm samples. 

This would not add significant additional work as the release and capnirt expaimena can be 

performed from a single component using different release rates ? methane CoIKxntltiOns. 

The second bagging specific quality conml step being taken is dupiicate bagging OT re-bagging. 
In re-bagging a component is evaluated, the bag is then Iicmovcd tben xe-instplled and 1. second 

sample collection is perfamod, This pro#durc is used to &ñnc the sampling precision. In this 

pr~gram, RADIAN the dupliCa.@ M ri-bagging will be pafc~med a CVQY tcllth 
component evaiuatcd. With approximately 80 bags collected per sie 10 percent ? 8 rcôaggings 
per site is expected and should well dtfine sampiing prccisioa. One rebagging was obsaved by 
WESTON. 

AS discussed in the QAP, RADIAN is Using the blm-thzwgh technique f a  fugitive tmiSSion~ 

measurement and is using nimgen as the purge gas. nie OVA Model 108 is the portable 
analyztrbeingusdf~scr#ninganâmassemissionswak. nieiostniment~uircsaminimm 
of 14 percent oxygen in orda to M o n  properiy. Fa mass emissionS testing, measurements 

arc pcrfmcd from the nitrogen gas stream using a diiution probe, The düution is a standad 

OVA attachment that prwides a 1 0 1  sample dilutioa with chaircoal filtered air. When 
performing mass emission work, the dilution probe i s  calibrated daily wing methane. When 
screening, the dilution probe extends the upper range of an OVA 108 from 10,ooO ppm to 
lûû,ûûû ppm as methane. 

mAm32kur - 4 -  
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2.3 SAMPLE ANALYSIS 

Samples are being analyzed on-site in a portable office unit well suited for the purpose. The gas 

chromatographic column being uscd for the analysis is a Supelcowax 10 Wide bon capillary 

column. A temperature program analysis is being used to obtain the &sired &gr# of separation. 

The program starts at 40°C and ramps to 275°C at 10°C per minute and runs for 44 minutes. 

The analytical instrument being used is a Tracor Modcl540 gas chromatograph. The QAP 
indicated that a different makc and madel GC would be used, however, the actual field GC is 
acceptable. 

The gas chromatograph is calibrated using a 10 component mix of the target compounds. The 

target compounds arc: cumene, O, M and P xylene, ethylbenzene, toluenc, h-octane, benzene, 

N-hexane and tertiary butyl ether. The ctr?iñd gas standard is contained in an XL siPt cylinder 

and each component concentration is approximately 200 ppmv. Standard curves an produced 

by preparing syringe dilutions of the certifkd gas standard and then injcCting them into the 0.25 

cc sample loop. During the site visit reproduction proòlcms with the mid-level standard wcrc 

observed on 22 April 1992. Standard response for the m d g  and evening injections wcrc 

approximately 50 perctnt dif€emìt Response for the mid-level standad injection 011 the morning 
of 23 April 1992 was in agreement with the evening injection of 22 April. Whether a step 

change occumd in the standard response or simply a bad injection cannot be determined as the 

results for standards were not completely reduced and not readily available. In the W report 

gas chromatographic standard dam and sample analysis p i s i o n  data should be evaluated. 

3.0 OUALITY ASSURANCE PLAN DEVIATIONS 

During the test observation deviations h m  the QAP wen idcntifitd in the sampling and 
analyticai procedures being implemented at tht, facility. nie items arc presented 
in the following sections with a QAP reference and a comment whtn appropriate. 

DAm3aRFT - 5 -  
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3.1 SCREENING 

O Section 2, Page 3 states that scieenhg of the target components wouid abc 
perfoxmed un& load and nwload conditions. 

When screening, the operationai condition was notai but screening at two different 
conditions was not perfarmcd. overall, the impact of this should not be 

significant. 

3.2 BAGGING 

o Section 3, Page 8 and Table 3 4  Page 9 state that oxygen ConcentratiOn inside the 
bags that enciose the target component WU be equiìi- to 0.5%. nLe oxygen 
d u c  inside the bags was greater than 05% in rpproxmiacely onc-balf of the 12 
baggings obsennd Apptuiently, the operatioaal value is 5.0% fa fieldwwk anci 

this can be sctll OLI the field data sheets, 

T h c i m p a c t a f t h i s ~ b e e v a l d a t t h i s t i m e ,  wbentbedatais 
summarized, the impact might be evaluated by comparing the oxy- levels of 
components in similar emissions levels. This may indicate if a bias exists. 

o Sdm 3 Page 8 andTable 3-4 SEB~C thrt twD T d h @  bag sample9 will bt 
collected froai each a l m ~ n t  bagged o b s u v ~ ~  irsdicate that only one 

as all analytical wotkcan be pcrfmncd nom ollc bag and that bag does not leak 
Tedlar bag sample was c o l l e c t e d  perc0m-t "bis is not apmblan as long 

One sample was lost due to a bag on 21 April 1992. 
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O Section 3 Page 8 states that 80 bags will be collected per site for a total of 160. 
infomation collected during the observation indicates that 60 bags w m  colltcted 

at the first test site. The test team leader was not clear as to whether additional 

bags would be collected at the present facility OT if a third facility would be 
evaluated. On 23 April I was informed that bagging would be performed at a 

third facility in the northeast. 

O Section 3, Page 10 shows a figure of a typical bagging Set-up. It is noteworthy 

that transfer lines between the tent and sample pump and between the pump and 

sample bag wen tygon. Tygon is of silicone rubber construction. This type of 
line is generally not used for organic sampling bccausc it absorbs some VOCs. 
Teflon@ lines would be preferable in this application. 

3.2 ANALYSIS 

O Section 3, Page 12 s a s  that a Shimadzu GC Mini-2 would be used for the 

sample analysis. On-site, a Tracor 540 was being used for sample analysis. The 

Shimadzu and Tracor an similarly equipped units and this is not a source of 

concern. 

O Section 3 Page 15 states that ail samples and calibrations will be introduced to the 

analyzers from bags for consistency. For the gas chromatographic analysis 

standards w m  introduced from a syringe and samples wen introduced from the 

bags. 

O Section 2, Page 15 says that bulk samples will be sent off site for analysis. 

Discussions with the analyst indicates that the liquid sample analysis is being 

performed on-site. The timing of liquid and gas analysis is not known but no 
liquid anaiyscs were observed The potential problem hcrit is ñrst, cross 
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contamination of samples and second, using instrument time for work originally 

scheduled for off-site analysis. This approach reduces the number of bag sample 

injections possible. Thc d u c e c l  number of duplicate sample injections could be 
significant if the level of precision dcttrmhd from the 16 duplicate (1 every 10) 

sample injections planned is not satisfactory. 

4.0 TECHNICAL EXCHANGE 

This section outiines technical discussions b e a n  the WESION &saver and the RADIAN test 

team on-site. 

4.1 LOAD ARM EMISSIONS 

Ditring thc sire visit, time was spent observing the loading process. wïmcvcr a truck to load 
arm connection is broken, liquid gasoline fails to the gmud The amount varies from s e d  

drops (4.5 cc) U) approximately 5 cc. Time estimates (ut basai on obsavstions md actuai 

liquid coiiections into a roasting pan urd subsequent mcasILI#IIcslt with a gmdwued cylinder. 

occurs because often, when the loading pump shuts off, the gasolh is trapped between the pump 

and truck in the load arm and liaes. Tbtse lints can contain 30.40 galions of gasoline sepanued 
from the outside by a single cos1l16cb 'on that is in a high usc arca ad may be prone to leakage. 
certainly, load arms will be major SOLII~CC of leakage from a loading facility. 

Also the face of the actual COM6CtOPon the load m s  often appears wet with gasoline. This 

4.2 DUPLICATE SAMPLE ANALYSIS 

The rate of duplicate sample injcctionS reported by the analyst was 1 for each 10 samples. 'Ihe 

analytical program being used was a 44-minutc mdyiical program with approxha~ely 10-15 

minutes between injections which brings the analytical time per sample U) approximately 1 hour. 
For low concentration samples, the bulk of die compounds me light and eluted early. After 
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developing a feel for the analysis and observing the a n &  in the gas chromatographic data, it 

should be possible to truncate the analysis of low concentration samples after approximately 20- 
25 minutes. The advantage of this would be that mart duplicate sample injections could be 

madc. This point was discussed with the analyst and he in turn was to discuss the issue with his 

superior. 
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TRIP REPORT 

1.0 SUMMARY 

A site visit and test observation were performed on 26 August through 27 August 1992 in support 

of EPA Work Assignment No. 17. The facility visited was the 

The purpose of the trip was to observe the fugitive emissions 

test work (bagging) being performed by the Radian Corporation (RADIAN) for the American 

Petroleum Institute (MI). RADIAN, under contract with API, is developing emission factors to 

define the emissions from bulk transfer/ioading terminals. This test observation is the second of 
two performed under this work assignment. The first observation was performed at the 

facility A copy of that trip report is attached for reference. 

in general, the RADIAN test program is being performed for API by a competent field team who, 

within the framework of the test program as it is being performed, should produce good data. 
S@ic inquiries made during the course of the initial site visit concerning the use of tygon 

tubing and load arm characterization were apparently taken into consideration for this second . 
facility. No tygon tubing was observed being used and the field team ltader reponed that he felt 

that ali needed matrix points far load arms components were available at the - With 

respect to load amis observations, the loading proctdurc indicated practices and losses similar 
to those o b d  at the facility. 

Concerning the program schedule and performance, it is currently anticipated the testing at the 

facility will be completed by late September. FoIlowhg this project, the 

RADIAN test crew wii i  undertake a fugitive emissions test program for the Western States 

Petroleum Association (WSPA). It is interesting to note that for the WSPA project RADIAN 
plans to adapt a new analytical program. All WSPA project samples in the will be collected in 

canisters and anaiyzed off-site in a frxtd laboratory in general accordance with EPA Method TO- 

mAw39m - 1 -  
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14. Further, the field team leader will be a recent hin who is receiving his training at'the 

facility. 

1.1 

Tk sampling matrix for screcning and bagging is identical data for bagging is identical to that 

used at the facility. ïñe matrix has seven (7) emissions levels covering the range 

from O to 100,ûûû ppm. 

Section 3 Page 1 of the Quality Assurance Plan (QAP) discusses the Scirttning population and 
states that a maximum of 1,500 components wiil be s c n e n d  "he 1,500 rtpnscnts the total 
number of screenings at a given faciiity. Ractically, this means that for components for which 

there are relatively few components, for example pumps, that ail pumps were screened. 

Conversely, for components present in large numbers like valves and flanges, one in ten of diese 

components were screened. Generally, moIt than 1,500 components wcrc screened pcr facility 

where bagging was performed to ensure that enough components in each emission levei wese 

identified. 

2.0 

The sampling approach o b d  at 

nie exceptions to this were that a new analyst and sampk coiicction technician were on site in 

was practically identicai to that used at 

2.1 TESTTEAM 

For screening ad bagging, RADIAN is using a three-man test ttam at the facility in 

Screening and bagging was performed by the field team leader and a technician. The 

technician, Mr. Jeff Davis, was a recent RADIAN hire and this was his first field Projtct. 'The 

- 2 -  
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I analyst at - was Mr. Rich Lewis who replaced Mr. Ken Houston who was the analyst at 

My impression is that Mr. kwis  was a morc experienced analyst than Mr. Houston, 
based on the depth of his knowledge revealed in technical conversations. Mr. Dave Ranum was 

the field team leader at and provided site-&site continuity in effort and 

data collection technique. 

2.2 BAGGING 

At the facility, bagging was performed by the field tcam a d c r  and a technician. The field 

team leader alone is responsible for identifying candidates for bagging and bag sample collection. 
Bag samples are still coliectcd at a ratc of approximately one per hour, however, and the crew 

gets up to specd as the program continues the rate of collection should increase. Also, with the 

assistance of the technician performing actual bagging, the field team leader was able to meet 

other on-site consiáerations like QA and component selection, liquid sample collection, etc. 

2.2.1 Baeeiw Oualitv Contrd 

Besides normal procedures for OVA and rotameter calibrations, two quality control pmcedurcs 

specific to bagging studies arc being implemented. The test protocol discusses the release of 
methane at a known rate and subsequent sample collection and analysis. "his rtleasc and cap= 

&termination, according to the protocol wiii be pcrformcû once per site and at one concenaation 

level. At the facility, this &termination was performed on 25 August 1992. Good 

results wen reported but the test was not obsend  by WESTON. In the opinion of the observer, 

one release and captune &termination per site rcpsents the bare minimum for demonstrating 

sampling accuracy. Since methane is the compound released, sample analysis is fast and 

analytical backlog is not created. It is desirable to perform releast and capture experiments at 

marc than one emission ratc, generally, a high and low level which would mcan 2 to 3 samples 

per site for a totai of 4 to 6 release and capnin samples. This would not add significant 
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additional work as the release and capture experiments can be performed from a single 

component using different release rates or methane concentrations. 

The second bagging s@ic quality control step being taken is duplicate bagging or re-bagging. 

In re-bagging a component is evaluated, the bag is then removed then rt-installed and a second 

sample coliection is performed. This proCCdure is uscd to dcñne the sampling precision. in this 
program, RADIAN reports duplicate or =-bagging will be performed on every tenth component 

evaluated With approximately 80 bags coliectad per site, 10 percent OT 8 rebaggings per site is 

expected and should well &fine sampling mision. One rebagging was obscxvcd by WESTON 
at the facility. 

23 SAMPLE ANALYSIS 

Sample analysis is identical to that previously observed. Samples were being analyzed on-site 

in an office am well suitcú for the purpost. The gas chromatographic column being used for 
the analysis is a Supelcowax 10 wi& bon capillary column. A temperam program analysis 
is being uscd to obtain the desired degree of separation. The program starts at 40°C and ramps 
to 275°C at 10°C per minute and runs for 44 minutes. The analytical instrument being uscd is 

a Tracor Model 540 gas chromatograph. 

The gas chromatograph is calibratcú using a 10 component mix of the target compounds. The 

target compounds are: cumene, O, M and P xylene, cîhylbcnztnc, toluene, iso-octanc, benzene, 
N-hexane and tertiary butyl ether. The ccrtiñcâ gas standad is containcd in an XL size cylinder 

and each component concentration is approximately 200 ppmv. Standad curves 81t produc#1 

by preparing syringe ditutions of the certifitd gas standard and then inj6cting them into the 0.25 

cc sample loop. The standard being uscd in 

At the time of use in the cylinder was approximately six months old with an expected 

shelf life of one par. In the observer's opinion, a one-year shelf lifc for a ten-component mix 
is the upper limit of VûC stability for a complex mixture. Mr. Lewis rcporttd that hc has 

was the same standard on-site at 
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prtpared standards to check the cylinder and was satisfied with the results. Regardless, it is the 

observer's opinion that response factor data and standard data be Critically evaluated in the final 

=port. 

"he analyst mentioned that there were some analytical problems at . related to m e m q  

peaks from the teflon sample loop and that he was using blank injections to ensure that no 
sample loop m e m q  was present This fact should be consi&red when tht final report is 
reviewad, but practically, sample loop memory would be a positive bias and would tend to 
product emission factors that arc biased high. 

3.0 QUALITY ASSURANCE PLAN DEVIATIONS 

3 
During the test observation deviations from the QAP were identified in the sampling and 

analytical procedurCs being implemented at the facility. The items art presented 

in the foilowing sections with a QAP reference and a comment where appropriate. in g e n d ,  

the deviations were observed at both the facilities. 

3.1 SCREENING 

Section 2, Page 3 states that scrtening of the target components would be 
performed under load and no-load conditions. 

When scmning, the operational condition was noted but screening at two Mertnt 

conditions was not performed. ûverali, the impact of this should not be 
signiíïcant. 
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3.2 BAGGING 

o Section 3, Page 8 and Table 3-4 Page 9 state that oxygen concentration inside the 
bags that enclose the target component will be equilibrated to 0.5%. The oxygen 

concentration inside the bags was greater than 0.5% in approximately one-half of 
the 12 baggings observed. Apparently, the operational value is 5.0% for fieldwork 

and this can be seen on the field &ta sheets. 

The impact of this cannot be evaluated at this time. When the &ta is 

summarized, the impact might bc evaluated by comparing the oxygen levels of 

components in similar emissions levels. This may indicate if a bias exists. 

o Section 3 Page 8 and Table 3 4  state that two TedhdD bag samples will be 

collected fn>m each component bagged. Obswvations indicate that only one 

Tdar bag sample was collected per component. This is not a problem as long 

as all analytical work can be perfannedfiom one bag and that bag does not le& 

3.2 ANALYSIS 

a Section 3, Page 12 states drat a Shim- GC Mini-2 would be used for the 

sample analysis. @-site, a Tracar 540 was being used for sample analysis. The 

Shimadzu and Tracor axe similarly equipped units and this is not a source of 
concan. 

o Section 2, Page 15 says that bulk samples will be sent off site for analysis. 

Discussions with the analyst indicate that the liquid sample analysis is being 

pcrfonncd on-site. lhe timing of liquid and gas analysis is not known but no 
liquid anaiyscs wtlit observed Tbe potential problem hue is fus& cross 
contamination of samples and second, using instrument time for work miginally 

=A=%kRPr - 6 -  
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scheduled for off-site analysis. This approach d u c e s  the number of bag sample 

injections possible. The reduced number of duplicate sample injections could be 

significant if the level of prtcision determined from the 16 duplicate (1 every 10) 
sample injections planned is not satisfactory. 

4.0 TECHNICAL EXCHANGE 

This section outünes technical discussions between the WESTON obsenw and the RADIAN test 

team on-site. 

4.1 LOAD ARM EMISSIONS 

During the site visit, time was spent observing G.C loading process. Tk observations indicated 

losses and practices similar to those identifiexi at 

4.2 DUPLICATE SAMPLE ANALYSIS 

The rate of duplicate sample injections reportcd by the analyst was 1 for tach 10 samples. The 

analytical program being uscd was a &minute analyticai program with approximately 10-15 

minutes between injections which brings the analytical time per sample to approximately 1 hour. 

Far low concentration samples, the bulk of the compounds 8n light and eluted early and 

RADIAN has begun to uuncate the analysis at approximately 20-25 minutes, but it is not clear 

to WESTON if the time saved by truncating thc analysis is being used far m m  duplicate 

analysis or to facilitate analysis of liquid samples. 
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