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One of the most significant long-term trends affecting the future vitality of the petroleum industry is the 
public's concerns about the environment. Recognizing this trend, API member companies have developed 
a positive, forward-looking strategy called STEP: Strategies for Today's Environmental Partnership. This 
program aims to address public concerns by improving our industry's environmental, health and safety 
performance; documenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental Principles. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products and services to consumers. The members recognize the importance of 
efficiently meeting society's needs and our responsibility to work with the public, the government, and 
others to develop and to use natural resources in an environmentally sound manner while protecting the 
health and safety of our employees and the public. To meet these responsibilities, API members pledge 
to manage our businesses according to these principles: 

9 To recognize and to respond to community concerns about our raw materiais, products and 
operations. 

9 To operate our plants and facilities, and to handle our raw materials and products in a manner 
that protects the environment, and the safety and health of our employees and the public. 

9 To make safety, health and environmental considerations a priority in our planning, and our 
development of new products and processes. 

e To advise promptly, appropriate officials, employees, customers and the public of information 
on significant industty-related safety, health and environmental hazards, and to recommend 
protective measures. 

9 To counsel customers, transporters and others in the safe use, transportation and disposal of 
our raw materials, products and waste materials. 

C. To economically develop and produce natural resources and to conserve those resources by 
using energy eff iciently. 

9 To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 

9 To commit to reduce overall emission and waste generation. 

+ To work with others to resolve problems created by handling and disposal of hazardous 
substances from our operations. 

a To participate with government and others in creating responsible laws, regulations and 
standards to safeguard the community, workplace and environment. 

0:. To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose of similar raw materials, petroleum 
products and wastes. 
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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH 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 OBLIGATIONS 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 

ITY FOR I"GEMENT OF LETTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

Copyright Q 1995 American Petroleum Institute 
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ABSTRACT 

Fugitive emissions from leaking equipment are being monitored by refineries, chemical plants, 

petroleum marketing terminals and oil and gas production operations. Different instruments, 

each capable of measuring the fugitive hydrocarbon emissions, or screening values, are being 

utilized by different studies. The measurement distance to hold the screening instrument from 

the point of maximum leak also differs for different facilities. 

This study evaluated the differences in screening values for the following four different 

screening instruments.: 

Foxboro Organic Vapor Analyzer (OVA) 108; 

Bacharach Threshold Limit Value Sniffer (TLV Sniffer@); 

"UaP PI-101; and 

Foxboro Total Vapor Analyzer (TVA) 1000, both flame ionization detector (FID) and 
photo ionization detector (PID). 

This study showed that there were differences in screening values for a particular component 

based on using the different screening instruments. Adjustment factors, or correlation 

equations, were developed to allow screening values from the TLV Sniffer@, and the TVA FID 

to be converted to comparable OVA screening values. Adjustment factors were not 

developed relating "UaP or TVA PID screening values to OVA screening values because 

inadequate correlations were found between these screening values. 

This study also evaluated the differences in screening values for these screening instruments 

based on screening as close as possible to the surface of a component at the point of 

maximum leak versus screening 1 cm away from the component at the point of maximum 

leak. This study showed that there are differences in screening values if the screening 

instrument is held at 1 cm away compared to holding the instrument as close as possible to 

the surface. An adjustment factor, or correlation equation, was developed to convert 

screening values from the OVA screening instrument using a 1 cm spacer basis to an "at the 

surface" basis. 

Please note that other screening instruments, not studied in this report, may be available. 
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A 1979 study on screening distance effects and screening instrument effects was compared to 

the results of this study. Both studies show comparable differences between the OVA and 

TLV Sniffe? screening values; however, the screening distance differences were more 

pronounced in the 1979 study than in this study. The reason for the differences in screening 

distance results is unknown. These differences could be due to screening techniques, in 

ambient conditions, or in differences in instrument sensitivities. 

An analysis was performed to determine other factors that may affect the relationship between 

screening values. Insignificant, or minimally significant effects were observed for windspeed, 

component type and service type. 
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EXECUTIVE SUMMARY 

Fugitive emissions from leaking equipment are being monitored by refineries, chemical 

companies, and petroleum marketing terminals. Several different instruments, each capable of 

measuring the fugitive hydrocarbon emissions, or screening values, are being utilized by these 

facilities. Furthermore, the distance that the screening instrument is held from the surface of 

the component at the point where the primary leak is measured can vary depending on local 

practices, the potential for probe-tip contamination, andor the prescence of rotating parts. To 

investigate these differences, the Western States Petroleum Association (WSPA) and the 

American Petroleum Institute (API) commissioned this study. 

Specifically, this study’s objectives were to: 

Develop a correlation equation for converting screening instrument measurements 
from other analyzers’ to the Foxboro Organic Vapor Analyzer (OVA) 108 
measurements by collecting side by side screening measurements from four different 
screening instruments: 

- Foxboro OVA 108, 

- Bacharach Threshold Limit Value Sniffer (TLV SniffeP), 

- HNP Pi-101, and 

- Foxboro Total Vapor Analyzer (TVA) 1000, both flame ionization detector (FID) 
and photo ionization detector (PID). 

Develop a correlation equation converting screening measurements made at a 
distance of 1 cm to screening done as close as possible to the surface. 

These correlation equations enable facilities that collect data with different instruments and 

different screening distances to convert their data to screening values that can be applied to 

mass emission correlation equations (Le., that relate the mass in Ibhr to a particular screening 

value). However, other comparisons between instruments and screening distances may also 

prove beneficial to facilities monitoring fugitive emissions. Some of these additional 

comparisons were also evaluated in this study. 

Please note that other screening instruments, not studied in this report, may be available. 

ES-1 
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For this study, equipment leaks screening data were collected from two refineries, one located 

in southern California and one in northern California. The testing at one refinery occurred in 
December, 1993. The testing at the second refinery took place in January, 1994. Of the 

approximately 400,000 valves and connectors available in both refineries, less than 300 

components were selected for this intercomparison. The statistical sampling used was 

designed to provide information on the sensitivity of various portable instruments throughout 

the range of potential screening values. Therefore, the hydrocarbon concentrations measured 

when screening these components are not representative of routine data collected during leak 

detection and repair programs at petroleum refineries. Although not every component 

selected for this study was screened with each of the four portable instruments, all com- 

ponents were screened at least with the OVA 108. Fewer measurements were made with the 

other instruments because of instrument difficulties. Screening took place over a one week 

period at each of the two refineries. 

Of the 271 components tested, 227 were valves and 44 were connectors. The majority of the 

components to screen were identified by refinery inspection and maintenance (I/M) teams as 

part of their routine I/M program. The remainder were found by Radian field staff. Because of 

the deliberate focus on higher leaking components identified by the I/M teams, the screening 

value distribution of the data is certainly biased toward higher percentages of high screening 

value components than would be found with a random screening program at either refinery. 

RESULTS FROM DIFFERENT SCREENING INSTRUMENTS 

The four instruments use three unique methods to detect the hydrocarbon concentration. The 

OVA 108 and the TVA 1000 (FID) are both flame ionization detectors. The HNü@ and the 

TVA 1000 (PID) are both photo ionization detectors. The TLV Sniffe$ uses a combustion gas 

detector. The different hydrocarbon detection systems are believed to be the primary reason 

for the different results between instruments. The two FID instrument results and the two PID 

instrument results were much more comparable to each other than to instruments using differ- 

ent detection systems (FID vs. PID vs. combustion gas). 

Recently completed studies by WSPA and API for refineries, petroleum marketing terminals 

and the oil and gas production industry have all used the OVA 108 as the screening 

instrument. For facilities that use other screening instruments that would like to apply results 

ES-2 
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Variables Screening Number of 
Correlated Distance Data Pairs 
OVA versus Q Surface 174 
TLVSniffe? ' cm 164 
OVAversus Q Surface 54 

TVA FID 1 cm 52 

of these recent studies to their facilities, an adjustment factor needs to be applied. A set of 

adjustment factors, or correlation equations, have been developed as part of this study to 

convert screening values from the TLV Sniffe? and TVA FID instruments to screening values 

measured with an OVA. These correlation equations are shown on Table ES-1. Plots 

showing the data comparing the different instrument results to each other are found in Section 

3 of this report. 

Correlation 
Correlation Equation Coefficient 

OVA@ = (6.09 x 10') x (TLVQ)'.216 0.85 
OVA1 = (4.58 x IO-')  x (TLV1)'.222 0.75 

OVA1 = (1.02) x (lVAFl)'.0'3 0.83 
OVA@ = (1.54) x 0.90 

No correlations were developed to relate HNü@ or TVA PID screening values to OVA 

screening values because an adequate correlation was not found between these screening 

values. Therefore, it is not advisable to use mass emission correlation equations that were 

developed with an OVA when HNL$ or TVA PID screening measurements are obtained. 

Study results indicate that the differences between peak screening values (Le., the highest 

observed screening value) and the maximum sustainable screening values (Le., the maximum 

screening value observed for two to three seconds or which was repeated multiple times in 

30-60 seconds) were not statistically significant. 

RESULTS FROM DIFFERENT SCREENING DISTANCES 

Most facilities that routinely screen for fugitive emissions from leaking equipment screen as 

close to the surface as possible but not so closely that it causes hydrocarbon contamination of 

ES-3 
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the probe tip, thereby causing erroneous screening measurements. The instrument probe is 

normally held from the point of the highest leak on the component and the probe distance 

from the surface can vary from less than 1 mm to as much as 1 cm. If a 1 cm standoff basis 

is used, a spacer that maintains this distance can be applied to the end of the probe tip. In 

other cases, the inspector uses his or her experience and judgment to maintain this distance 

of approximately 1 cm. 

For testing purposes in this study, a 1 cm spacer was applied to the probe tip to maintain a 

standardized distance for the 1 cm measurements. The surface measurements were made as 

closely as possible to the surface, recognizing that because of the instrument probe 

dimensions and component geometry, the actual probe distance from the surface could vary 

from one component type to another. The actual probe distance from the surface of the 

component could be some immeasurable distance which is less than 1 cm. 

The recent refinery and petroleum marketing terminals studies were performed by screening 

components as close as possible to the surface. For facilities that use a 1 cm spacer that 

would like to apply results of these recent studies to their facilities, an adjustment factor needs 

to be applied. The adjustment factor for an OVA at the surface (OVA@) versus an OVA at 

1 cm (OVA1) is given in the equation below: 

OVAQ = (3.60) x ( O V A I ) ~ - ~ ~ *  (Equation ES-1) 

The recommended approach for converting screening values from the TLV Sniffe$ and the 

TVA FID, when these instruments use a 1 cm spacer, to comparable OVA screening values at 

the surface is to first convert to comparable OVA values at 1 cm by using the correlations in 

Table ES-1 and then apply the above equation. Because of the lack of correlation for the 

H N v  and TVA PID to OVA screening values it is not recommended to convert any screening 

values from these instruments to OVA screening values. 

Each of the instruments had screening values compared with that instrument at the surface to 

those with that same instrument at 1 cm. The effects of screening at the surface versus 

screening at 1 cm appears to have roughly the same impact for each instrument type. The 

screening values are two to three times lower, on the average, when obtained at a 1 cm 

ES-4 
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screening distance. Plots showing the data comparing results for the different instruments are 

found in Section 3 of this report. 

COMPARISON OF STUDY RESULTS TO EARLIER STUDY 

A previous study, entitled Valve Screening Study at Six San Francisco Bay Area Petroleum 

Refineries, or the "1979 Screening Study," reported on results for similar analysis of the TLV 

Sniffer@ and the OVA 108. The current study, or "1994 Screening Study", evaluated more 

components, included connectors in the analysis, included additional screening instruments, 

and looked at additional factors that could influence test results such as windspeed, 

component type and service type. 

Both studies show comparable differences between OVA vs. TLV Sniffe$ screening values; 

however, the screening distance differences were more pronounced in the 1979 Screening 

Study than in the 1994 Screening Study. The reason for the differences in screening distance 

results is unknown. These differences could be due to differences in screening techniques, in 

ambient conditions, or in instrument sensitivities. 

COMPARISON OF OTHER FACTORS THAT MAY AFFECT THE 
CORRELATION EQUATIONS 

An analysis was performed to determine other factors that may affect the relationship between 

screening values. Windspeed was found to have a statistically significant effect for some of 

the inter-instrument comparison correlation equations. However, the impact of windspeed on 

the correlation equations was minor. Only marginal improvements in the correlation 

coefficients were found by including windspeed in the equations for which windspeed was 

significant. For example, the correlation coefficient for the OVA at the surface versus OVA at 

1 cm correlation equation improves from 0.929 to only 0.930 by including windspeed. 

Component type and service type were shown to have a significant effect for a few of the 

screening value correlations developed; however, these may either be anomalous occurrences 

or questionable due to limited data for a specific factor. Investigations to determine any other 

reasons for the significant effects are beyond the scope of this project. Future research might 

investigate whether or not different component types with different geometries could effect the 
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actual distance the instrument probe is away from the surface and quantify the variation effect 

on screening values. In addition, future research could investigate whether service type (low 

vapor pressure, high vapor pressure, low viscosity liquid, high viscosity liquid, etc.) could have 

a similar effect on measured screening values. 
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Section 1 

INTRODUCTION 

Fugitive emissions from leaking equipment such as valves and connectors are being 

monitored by refineries, chemical companies, and petroleum marketing terminals. Several 

different instruments, each capable of measuring the fugitive hydrocarbon emissions, called 

"screening values," are being utilized by these facilities. Furthermore, the distance that the 

screening instrument is held from the surface of the component at the point where the primary 

leak is measured can vary depending on local practices, the potential for probe-tip 

contamination, andor the presence of rotating parts. To investigate these differences, the 

Western States Petroleum Association (WSPA) and the American Petroleum Institute (API) 

commissioned this study, entitled "Comparison of Screening Values from Selected 

Hydrocarbon Screening Instruments and Different Screening Distances" and is referred to 

here as the "1994 Screening Study." 

STUDY OBJECTIVES 

This study's objectives were to: 

rn Develop a correlation equation for converting screening instrument 
measurements from other analyzers to the Foxboro Organic Vapor Analyzer 
(OVA) 108 measurements by collecting side by side screening measurements 
from four different screening instruments* including: 

-Foxboro OVA 108, 

-Bacharach Threshold Limit Value Sniffer (TLV Sniffeo, 

-"U* PI-101, and 

- Foxboro Total Vapor Analyzer (TVA) 1000, both flame ionization detector 
(FID) and photo ionization detector (PID). 

rn Develop a correlation equation converting screening measurements made at a 
distance of 1 cm to screening done as close as possible to the surface. 

Please note that other screening instruments, not studied in this report, may be available. 
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The correlation equations convert screening values from one instrument to those with an OVA. 

The reason that the reference point was an OVA was because that was the basis for the 

recently completed studies from WSPA and API for refineries (API, 1994) and petroleum 

marketing terminals (API, 1993). Another desired product of the study was an adjustment 

factor, or correlation equation, that could convert screening values for an OVA at one 

screening distance to comparable values at a different screening distance, since in the two 

API studies, components were screened as close to the surface as possible. 

A previous study, entitled Valve Screening Study at Six San Francisco Bay Area Petroleum 

Refineries (Radian, 1979), referred to as the "1979 Screening Study" in this report, reported 

on results for similar analysis of the TLV Sniffer@ and the OVA 108. The 1994 Screening 

Study evaluated more components, included connectors in the analysis, included additional 

screening instruments, and looked at additional factors that could influence test results 

(windspeed, component type and service type). The 1994 Screening Study results have been 

compared to the 1979 Screening Study results in this report. 

PROJECT DESCRIPTION 

For this study, equipment leaks screening data were collected from two refineries, one located 

in southern California and one in northern California. The testing at one refinery occurred in 

December, 1993. The testing at the second refinery took place in January, 1994. A total of 

271 components were screened. Although not every component was screened with each of 

the four screening instruments, all components were screened at least with the OVA 108. 

Instrument difficulties resulted in fewer measurements with the other instruments. Screening 

took place over a one week period at each of the two refineries. A total of 227 valves and 44 

connectors (9 flanged connectors and 35 non-flange connectors) were screened. The majority 

of the components to screen were identified by refinery inspection and maintenance (IíM) 

teams as part of their routine I/M program. The remainder were found by Radian field staff. 

Because of the deliberate focus on higher leaking components identified by the I/M teams, the 

screening value distribution of the data is biased toward higher percentages of high screening 

value components than would be found with a random screening program at either refinery. 
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REPORT ORGANIZATION 

This report is organized as follows: 

Section 2 documents the test procedures including a description of the 

Section 3 discusses the data analysis, including comparison of the screening 
instrument screening values, comparison of screening values as a function of 
screening distance, comparison of 1994 Screening Study results to 1979 
Screening Study results, and analysis of other factors that may affect the 
correlation equations; 

Section 4 presents the conclusions and recommendations; and 

Section 5 includes the references. 

equipment, QNQC, and sampling procedures; 
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Section 2 

TEST PROCEDURES 

This section describes the test procedures, including a description of the equipment, quality 

assurance/quality control (QNQC), and sampling procedures. 

EQUIPMENT 

Four different screening instruments were used in this study: 

Foxboro Organic Vapor Analyzer (OVA) 108; 

Bacharach Threshold Limit Value (TLV) Sniffe$; 

HNü@ PI-101; and 

Foxboro Total Vapor Analyzer (TVA) 1000, both flame 
ionization detector (FID) and photo ionization detector (PID). 

The first three instruments have been heavily used in past studies and in I/M programs. The 

final instrument is new and represents a potentially popular instrument for future studies and 

I/M. Please note that other screening instruments, not studied in this report, may be available. 

Each of the four screening instruments is briefly described: 

OVA 108 

The Foxboro OVA 108 was used for screening every component in this study. The OVA 108 

is a portable FID, powered by a refillable hydrogen tank. The OVA 108 internal vacuum pump 

is powered by a rechargeable battery. The pump continuously draws sampled hydrocarbons 

and air from the probe tip to the analyzer at a flow rate of approximately one liter per minute. 

The hydrocarbons are analyzed by the FID. The detector output is read on a hand-held 

logarithmic meter scale which is graduated from 1 to 10,000 ppmv. The OVA 108 was 

calibrated with methane. Hydrocarbon concentrations greater than 10,000 ppmv can be 

measured by use of a dilution probe. The dilution probe mixes charcoal scrubbed ambient air 

with the sample. The charcoal was used in an attempt to remove hydrocarbons from the 

background dilution air. In general, a dilution ratio of 1O:l was used in this study, allowing 

hydrocarbon concentrations up to 100,000 ppmv to be measured. 

2- 1 
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TLV Sniffe? 

The Bacharach TLV Sniffe$ is a portable hydrocarbon detector that uses a catalytic 

combustion cell to determine hydrocarbon concentrations. A rechargeable battery provides 

the power for the internal sample pump which draws the sample through the detector chamber 

at a flow rate of approximately two liters per minute. The detector element catalytically 

oxidizes the hydrocarbon in the sample in order to determine the heat of combustion. This 

heat of combustion is expressed as an equivalent concentration. The TLV Sniffe? was 

calibrated with hexane. The TLV Sniffe? measures hydrocarbons from 1 to 10,000 ppmv. A 

dilution probe can extend the range of the TLV Sniffe$ to 100,000 ppmv. However, a dilution 

probe was not used in this particular study for the TLV Sniffe?. 

- HNV 
The HNU" Systems Inc. PI-101 detector ("U@) used was a 10.2 eV lamp PID. Similar to the 

previously mentioned instruments, the HNU" uses a rechargeable battery to power the internal 

sample pump to draw the sample through the detector chamber at a flow rate of 

approximately 0.10-0.18 liters per minute. The PID ionizes the sample by an ultraviolet (UV) 

light. The detector output is displayed on a scale with three settings: 0-20 ppmv, 0-200 ppmv, 

and 0-2000 ppmv. The HNU" was calibrated with isobutylene. The PID measures halo- 

genated hydrocarbons, aldehydes, ketones, aromatics, and any other compound with an 

ionization potential of 10.2 eV or less, including several that cannot be measured by an FID. 

The PID, however, does not respond well to many alkanes, particularly in the lower carbon 

number ranges. There are dilution probes available for many PID instruments, but none was 

available for use on this study. 

TVA 1000 

Foxboro has recently introduced into the market an instrument that has both FID and PID 

capabilities, called the TVA 1000. The FID operates in nearly exactly the same manner as 

the OVA 108 FIO. The PIO operates with the same basic principles as the H N P  PID. The 

TVA PID uses a 10.6 eV lamp, which is relatively close to the 10.2 eV used in the H N V  The 

flow rate into the PID and FID combined is approximately one liter per minute. The sample 

stream is split into two paths within the TVA 1000 to allow for simultaneous analysis by the 

FID and PID. The TVA 1000 FID was calibrated with methane. The PID was calibrated with 
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isobutylene. The range of the TVA 1000 without the dilution probe is from 1 to 50,000 ppmv 

for the FID and from 1 to 2,000 ppmv for the PID. A dilution probe can be attached to the 

TVA 1000 to extend the range. A dilution probe was used in this study to extend the range by 

approximately a factor of 1 O. The hydrocarbon concentrations were displayed in digital 

readouts on the hand-held sample probe and also on the body of the analyzer. The TVA 

1000 also allows data to be logged internally for data collection purposes; however, this 

feature was not used for this study. 

QUALITY ASSURANCE/QUALiTY CONTROL (QNQC) 

Each screening instrument was calibrated at least once each day. If batteries needed to be 

replaced, the instrument was recalibrated. 

The OVA 108 was calibrated using a 100 ppm methane standard (certified at plus or minus 

2%). To ensure that the OVA 108 was responding adequately over the entire range of 

hydrocarbon concentrations, the OVA 108s response was also checked with a certified zero 

air standard and with 10 ppm, 1000 ppm, and 10,000 ppm methane in zero air standards 

(each hydrocarbon standard certified at plus or minus 2%). The OVA 108 response to all of 

the hydrocarbon concentrations was checked by a linear regression. A correlation coefficient 

(r) of 0.995 or greater was required or the instrument was repaired. The OVA 108 dilution 

probe was set to a dilution ratio of approximately 1O:l based on using the 10,000 ppm 

methane standard. The reading of the OVA 108 with the dilution probe at 26,900 ppm was 

also checked and recorded. 

The TLV Sniffe? was calibrated with a 500 ppm hexane standard and a 4000 ppm hexane 

standard. The "UaD was calibrated with a 95 ppm isobutylene standard at the first refinery 

and with a 102 ppm isobutylene standard at the second refinery. The TVA 1000 FID was 

calibrated in the same manner as the OVA 108 with the exception that the automatic 

calibrating mode was generally used for the TVA 1000. The automatic calibrating mode of the 

TVA 1000 allows for the instrument to calibrate itself when a known concentration of a 

calibration gas is examined. The TVA 1000 PID was calibrated in the same manner as the 

"UaD with the same exception that the automatic calibrating mode was generally used for the 

TVA 1000. 
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Calibration gases were carried into the field in TediarTM bags during all field testing. Each 

instrument was checked for accuracy after approximately every five samples. If an instrument 

failed this QNQC check then the previous readings until the last verified QNQC check were 

excluded or retested with a recalibrated instrument. In practice, very few samples needed to 

be excluded. The excluded samples, along with all of the raw sampling data, are shown in 

Appendix A. 

SAMPLING PROCEDURES 

In general, the screening measurements were made in accordance with the latest version of 

the United States Environmental Protection Agency’s (U.S. EPA) Reference Method 21. US. 

EPA Method 21 instrument specifications are summarized in Table 2-1. The requirements 

that were followed in this study exceeded the requirements of U.S. EPA Method 21. Table 2- 
2 outlines the general screening procedures that were followed for all four of the screening 

instruments. 

Table 2-1. Summary of EPA Method 21 Requirements 

Determination of Volatile Organic ComDound Leaks 
1. Analyzer response factor cl O 
2. Analyzer response time 130 seconds 
3. Calibration precision II 0% of calibration gas 
4. Internal pump capable of pulling 0.1 to 3.0 Umin 
5. Intrinsically safe 
6. Single hole probe with maximum %-inch OD 
7. Linear and measuring ranges must include leak definition value (may include dilution probe) 
8. Instrument readable to 12.5% of leak definition 
9. No detectable emissions (NDE) value defined as 1 2 . 5 O / 0  of leak definition (¡.e., f500 ppm) 

Data collected from screening were recorded on forms like the one shown as Figure 2-1. Five 

different readings were made with each screening instrument for each component. The first 

reading was a background reading measured in an area close to the component. Once the 

point of maximum leakage was found on the component as close as possible to the 

component’s surface, then the maximum Sustainable leak rate and the peak leak rate were 

recorded. The maximum sustainable leak rate was the screening value that stabilized for two 
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to three seconds, or was repeated multiple times in 30-60 seconds. The peak leak rate was 

the highest observed screening value on the instrument, even if the screening value were only 

a fleeting spike. 

Table 2-2. Summary of Screening Procedures 

General Screening Procedures 
1. Prepare analyzer for sampling. 
2. Calibrate analyzer. 
3. Check analyzer for leaks. 
4. Without fouling the tip, and without restricting flow into the analyzer probe, place probe 

as close as possible and approximately perpendicular to the component surface or 
seam where leakage could occur. 

5. Move the probe slowly along the line of potential leakage to obtain the maximum II reading. 
6. Leave the probe tip at the maximum reading location for approximately two times the 

7. Record the maximum sustainable screening value and the peak screening value on the 

8. If the reading exceeds full scale, use the dilution probe, if the instrument has a dilution 

9. Add 1 cm spacer to the probe tip. 

II instrument response time. 

data form. 

probe. 

10. Repeat steps 5 through 8. 
11. Repeat steps 1 through 1 O for the remaining screening instruments. 

The next two readings (maximum sustainable and peak) were taken at a 1 cm standoff from 

the surface of the component. The readings at 1 cm were generally, but not always, 1 cm 

away from the point of highest leak at the surface of the component. The component was 

always rescreened to determine, independent of the surface readings, where the point of 

highest leak at 1 cm was found. A 1 cm spacer, supplied by Foxboro, was provided for 

screening at 1 cm with the OVA 108 and the TVA 1000. A different 1 cm spacer was 

constructed for use with the TLV Sniffe? and the "U". 

Valves screened for this study were usually identified by the refinery inspection and 

maintenance (VM) teams. The remaining valves were found by Radian staff when insufficient 

numbers of valves for Radian to test were located by the I/M teams on the day of Radian's 

testing, or if there was a need to obtain more diversity in screening values tested. In order to 

strengthen the statistical significance of the desired correlations, Radian attempted to obtain 

screening values from the whole leak range from 1 ppmv to 100,000 ppmv for the OVA 108, 
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from lppmv to 10,000 ppmv for the TLV Sniffe?, from 1 to 2000 ppmv for the H N v  and from 

1 to over 500,000 ppmv for the TVA 1000. Components that tested beyond the range of the 

analyzers (pegged components) were also screened with the pegged value recorded. 

The majority of the connectors that were tested for this study were located by Radian. This 

was primarily because these connectors were not tagged and locating leaking connectors from 

the records of the I/M team was significantly more difficult than searching for these leaks 

independently. Furthermore, fewer leaking connectors than valves, at least on a percentage 

basis, are found in these refineries. 

After the screening values were all recorded for a particular component, then the ambient 

temperature was recorded from a digital thermometer and the windspeed was recorded from 

an anemometer. The temperature and the windspeed were measured as close as possible to 

the highest leaking point on the component. As shown in Figure 2-1, also recorded was the 

component tag ID, the component subtype (¡.e. gate, glove, plug or other type of valve), the 

component actuation if a valve (either control or manual), the size of the component, and the 

service category (light liquid, heavy liquid or gas). For this study, light liquids are defined as 

any liquid with vapor pressure greater than kerosene. 

Duplicate measurements were taken, on the average, for every twentieth component 

screened. For the duplicate tests, all instrument readings were retaken exactly as on the first 

measurement, both for the different instruments and the different screening distances. 
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Figure 2-1 Screening Value Data Collection Sheet 
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Section 3 

DATA ANALYSIS 

Throughout this section the following notation will be used to refer to the screening instrument 

and distance: 

OVA@fOVAl - 

TLVQKLVAI - 

HNU@/HNUl - 

TVAF@/ïvAFl - 

TVAP@/ïvAPl - 

Screening values obtained using the OVA at the surface and at 
1 cm, respectively; 

Screening values obtained using the TLV Sniffe? at the surface 
and at i cm, respectively; 

Screening values obtained using the HNü@ at the surface and at 
1 cm, respectively; 

Screening values obtained using the TVA FID at the surface and at 
1 cm, respectively; and 

Screening values obtained using the TVA PID at the surface and at 
1 cm, respectively. 

In general, no appreciable differences were noted between the maximum sustainable 

screening values versus the peak screening values. Plots of both types of screening value 

measurements are included in this section. Correlation equations were developed using only 

the maximum sustainable screening value measurements, however, because it is believed 

that this is the type of screening value measurement typically collected by refineries. 

Pegged values were obtained during the 1994 Screening Study; however, these pegged 

values were not included in any of the emission correlation equations and were therefore 

excluded from any of the statistical analysis in this report. 

Statistical analyses were performed on the screening data to examine the following: 

Correlation between screening values obtained from different 
instrument types (OVA, TLV Sniffe?, "U@, and TVA); 

Correlation between screening values at different screening 
distances (screening at the surface versus a 1 cm screening 
distance) for a given instrument; 
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Differences between the 1979 Valve Screening Study (1979 
Screening Study) results and the current 1994 Screening Study 
results; and 

Other variables that may affect screening results (e.g., 
component type, component service, windspeed). 

The analyses performed for each of the aforementioned areas are discussed in detail and 

briefly summarized in the following sections. 

The factor which could potentially cause the largest differences between the measured 

screening values is the type of screening instrument used. Two sets of the instruments tested 

during this study employ similar analytical methods in determining a screening value. The 

OVA and the TVA FID are both flame ionization detectors (FIDs); and the HNü@ and the TVA 

PID are both photo ionization detectors (PID). The TLV Sniffe? instrument is neither an FID 

nor a PID, but uses a combustible gas detector to determine hydrocarbon concentrations. 

Although screening values from similar instrument types tended to be highly correlated, 

screening values from non-similar instrument types tended to show very low correlations. In 

fact, screening measurements from the OVA and TVA FID, and from the HNü@ and TVA PID 

provided virtually a one-to-one correlation; whereas for dissimilar instrument types (¡.e*, the 

OVA and "U", and the OVA and the TVA PID) the correlation between screening value 

measurements was virtually zero in some instances (¡.e., the correlation coefficient was very 

small and not statistically different from zero). When comparing OVA screening values to the 

TLV Sniffer@ screening values, the differences between screening measurements tended to 

increase as the screening values increased. Thus, for example, an OVA screening value at 

100 ppm may differ from a TLV Sniffe? screening value by only a factor of 1.5 to 2.0, 

whereas an OVA screening value at 10,000 ppm may differ from a TLV SniffeP screening 

value by a factor of 4 to 7. 

For every instrument type, screening distance (at the surface versus 1 cm) was found to have 

a significant effect on the measured screening value. In general, screening values obtained at 

a 1 cm screening distance were found to be about 2 to 3 times smaller than screening values 

obtained at the surface for every instrument type. This factor of 2 to 3 was found to be fairly 

consistent throughout the range of screening values obtained. For example, on the average, 
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an OVA screening value of 3 ppm obtained at the surface would screen at roughly 1 ppm 

when screened at 1 cm screening distance; and an OVA screening value of 30,000 ppm at 

the surface would screen at roughly 10,000 ppm when screened at 1 cm screening distance. 

Screening measurements obtained using the OVA and TLV Sniffe? screening instruments 

were compared to the same types of screening measurements obtained during the 1979 

Screening Study. During the 1979 Screening Study a number of valves were screened using 

both an OVA and a TLV Sniffe? instrument. Measurements were collected at the component 

surface and at a 1 cm screening distance. When comparing the OVA screening values at the 

surface versus the TLV Sniffe? screening values at the surface, and the OVA screening 

values at 1 cm versus the TLV Sniffe? screening values at 1 cm, no statistically significant 

differences were found between the correlation equations obtained using the 1979 Screening 

Study data and the 1994 Screening Study data. However, when comparing the OVA 

screening values at the surface versus the OVA screening values at 1 cm, and the TLV 

Sniffe? screening values at the surface versus the TLV Sniffe? screening values at 1 cm, 

statistically significant differences were found between the correlation equations obtained 

using the 1979 Screening Study data and the 1994 Screening Study data. In summary, both 

studies show comparable results between OVA vs. TLV Sniffe? screening values; however, 

the screening distance differences are more pronounced in the 1979 Screening Study than in 

the 1994 Screening Study. The cause of these significant effects is unknown. However, they 

could be due to differences in screening techniques used during the two studies, in ambient 

conditions, or in instrument sensitivities. 

Lastly, an analysis was performed to determine other factors that may affect the relationship 

between screening values. The results of this analysis showed that windspeed had a 

statistically significant effect on the OVAQ to OVA1 equation (that is, windspeed accounted 

for a significant portion of the variability in the OVA@ to OVA1 equation). Windspeed was 

also found to have a significant effect on the OVA@ versus TVAFQ correlation equation, the 

TVAPQ versus "U"@ correlation equation, and the TVAP1 versus HNU"1 correlation equa- 

tion. Investigations to determine the degree of variability of measured screening values as a 

function of windspeed is beyond the scope of this project. Future research might investigate 

the degree of screening value variability as a function of windspeed, instrument probe 
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sampling velocity, and equipment component emission velocity. The impact of windspeed on 

the correlation equations, however, is minor. For example, the correlation coefficient for the 

OVA at the surface versus OVA at 1 cm correlation equation improves from 0.929 to only 

0.930 by including windspeed. Windspeed was not found to have a significant effect on the 

other correlation equations developed. Component type and service type were shown to have 

a significant effect for a few of the screening value correlation equations developed; however, 

these were thought to be either anomalous occurrences or questionable due to limited data for 

a specific factor. 

COMPARISON OF SCREENING INSTRUMENT SCREENING VALUES AT MAXIMUM 
SUSTAINABLE RATE AND PEAK RATE 

Comparisons were performed between the OVA instrument screening values and screening 

values obtained using the other three instrument types. Recently published emission 

correlation equations (e.g., marketing terminals study and 1993 Refinery Study) were 

developed using an OVA instrument. Thus, it was of primary interest to compare the OVA 

screening values to screening values from every other instrument type rather than comparing 

screening values from every combination of instrument types. However, screening value 

measurements obtained from the "UQD and the TVA PID were also compared, because these 

are similar instrument types (both are photo ionization detectors). In summary, screening 

values from the following instruments were compared: 

OVA versus the TLV Sniffec 

OVA versus the "UQD; 

OVA versus the TVA FID; 

OVA versus the TVA PID; and 

H N v  versus the TVA PID. 

Screening measurements collected at the component surface as well as screening 

measurements collected at 1 cm from the component surface were compared for different 

instrument types. In addition, the maximum sustainable screening values and the peak 

screening values were compared for different instrument types, resulting in a total of four sets 

of correlation equations that were evaluated for each inter-instrument comparison. 

Figures 3-1 through 3-5 show the comparisons that were performed for each of the five inter- 

instrument categories listed above. The upper left corner of each of these figures (labeled "a") 
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shows a plot of the maximum sustainable screening values at the surface. The upper right 

corner of each of these figures (labeled "b") show plots of the peak screening values at the 

surface. The lower left corner of each of these figures (labeled "c") show plots of the 

maximum sustainable screening values at 1 cm and the lower right corner of each of these 

figures (labeled "d") show plots of the peak screening values at 1 cm. Each of the figures 

shows the corrected screening data (after subtracting the background screening value). 

Correlation equations were developed using measurement error methods in which the errors 

in x were assumed to be equal to the errors in y, as discussed in Appendix B. Predictive 

correlation equations are presented only for the following inter-instrument comparisons: 

OVA versus the TLV Sniffe? 

OVA versus the TVA FID; and 

H N V  versus the TVA PID. 

Although there was a positive correlation between the OVA and the HNV, and the OVA and 

the TVA PID, there was not a strong correlation. The models evaluated for these two inter- 

instrument relationships were not sufficiently adequate for predictive purposes. Therefore, no 

predictive correlation equations were developed for these two inter-instrument comparisons. 

The primary objective of this study was to develop correlation equations between screening 

values collected using instruments other than an OVA screening instrument (e.g., a TLV 

Sniffep, an "U", etc.) to those with an OVA instrument to use in emission correlation 

equations that relate Ibdhr emission rates to OVA screening values. OVA screening values 

were found to be highly correlated to TLV Sniffe? screening values and TVA FID screening 

values. Equations or adjustment factors were developed for these sets of correlation 

equations. OVA screening values were found to not be highly correlated with HNU" screening 

values or l V A  PID screening values. Thus, using H N V  or TVA PID screening values to 

predict mass emissions based on emission correlation equations developed for OVA 

screening instruments is questionable. 
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Variables Correlated 
OVA versus TLV Sniffep 

OVA versus TVA FID 

TVA PID versus HNU" 

Table 3-1 gives the correlation equations that were developed relating screening values from 

the different instrument types. As stated previously, correlation equations are only given for 

the maximum sustainable screening values (instead of the peak screening values). 

Screening Number of Correlation 
Distance Data Pairs Correlation Equation Coefficient 
Q Surface 174 OVA@ = (6.09 x 10') x (TLVQ)1.216 0.85 

1 cm 164 OVA1 = (4.58 x 10') x (TLV1)'.'22 0.75 

1 cm 52 OVA1 = (1.02) x (TVAFl)'.0'3 0.83 
Q Surface 21 TVAPQ = (5.88 x 10') x (HNUQ)0.950 0.88 

1 cm 21 TVAP1 = (1.69 x lo-') x (HNU1)'.'86 0.59 

Q Surface 54 OVA@ = (1.54) x (TVAFQ)0.935 0.90 

Table 3-1. Equations Relating Screening Values From Different Instrumentsa 

* For maximum sustainable screening values. 

Key 
OVA@ 
OVA1 
TLV Q 
TLVl 
TVAFQ 
WAF1 
HNUQ 
HNU1 
TVAPQ 
TVAP1 

OVA screening value at the surface of a component. 
OVA screening value obtained with a 1 cm spacer. 
TLV Sniffe? screening value at the surface of a component. 
TLV Sniffe? screening value obtained with a 1 cm spacer. 
TVA FID screening value at the surface of a component. 
TVA FID screening value obtained with a 1 crn spacer. 
HNlß' screening value at the surface of a component. 
H N v  screening value obtained with a 1 cm spacer. 
TVA PID screening value at the surface of a component. 
TVA PID screening value obtained with a 1 cm spacer. 

Figure 3-1 shows the correlation equations that were developed between the OVA and the 

TLV Sniffe?. Currently, all published emission correlation equations (Le., relating mass 

emissions to screening value measurements) were developed using either an OVA or a TLV 

Sniffe? instrument. As shown by the predictive correlation equation in the figure, for low 

screening value ranges the OVA and TLV Sniffe$ show similar screening value 

measurements, on the average. The difference between screening value measurements 

increases, however, as the magnitude of the screening values increases, with the OVA 

resulting in consistently higher screening value measurements. Thus, for example, on the 

average, an OVA screening value at 100 ppm may differ from a TLV Sniffe? screening value 

by only a factor of 1.5 to 2.0, whereas an OVA screening value at 10,000 ppm may differ from 

a TLV Sniffe? screening value by a factor of 4 to 7. 
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Figure 3-2 shows plots of the OVA screening value data versus the HNU' screening value 

data. As shown in the plots there is a lot of scatter in the data and the correlation coefficient 

is less than 0.40 for every type of correlation equation evaluated (¡.e,, for the maximum 

sustainable screening value at the surface and at 1 cm; and peak screening value at the 

surface and at 1 cm). In addition, the OVA screening instrument provides screening values 

that are typically an order of magnitude higher than the HNU' screening values. As 

discussed, however, the OVA and HNU" are different types of analytical instruments (the OVA 

is a flame ionization detector and the HNU" is a photo ionization detector). 

Plots of the OVA screening values versus the TVA FID screening values are given in Figure 

3-3. Note that the predictive correlation equation shows virtually a one-to-one correspondence 

between the OVA screening values and the TVA FID screening values for every type of 

screening measurement collected (Le., maximum sustainable screening values and peak 

screening values at the surface and at 1 cm). That is, there appears to be no bias, but there 

is scatter about the regression line. As shown in the figures, the correlation equations form 

almost a perfect 45" line from (1,l) to (100000,100000). 

Figure 3-4 shows plots of the OVA screening value data versus the TVA PID screening value 

data which look very similar to the plots obtained for the OVA versus the HNI$ screening 

values. The correlation coefficients between screening values from the OVA and the TVA PID 

are very low (usually less than 0.40), and for figures (a) and (c) the correlation coefficients 

were not statistically different from zero (a = 0.05). 

Because the HNU@ and the TVA PID are similar instrument types (Le., both are photo 

ionization detectors) it was of interest to compare the screening measurements from these two 

instruments. In practice, an equation relating these two instrument types would probably be of 

little use because none of the published emission correlation equations (Le., relating mass 

emissions to screening values) were developed using an HNU" or TVA PID instrument. As 

would be expected, however, screening value measurements from these two instruments are 

highly correlated. Figure 3-5 shows plots of the data and the predictive correlation that would 

be obtained based on the limited data available for these two instruments. Although both of 

these instruments are capable of measuring concentrations greater than 2,000 ppm with the 
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Figure 3-1 OVA vs. TLV Sniffe? Screening Instrument 
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Figure 3-3 OVA vc. TVA FID Screening Instrument 

3-1 O 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  P U B L * 3 3 2  95 0732290 0546422 ï T 4  

e 
e # 

a *  
e 

a e 
* * e '  e 

a 

a O 

i e 

L - . .  a.!..k r:..,-*-,, ......... .I- LI 

œ 

œ 

eiaa, @wfs t A6 V M  m 
u.... I ........ L ....... L ....... a ...... 

* 8  
a 

8 

e 
a .  .re 

a 
= e  O 

I C  

- .................... " . . . . . . . . . . . . . . . .  U n i  LI f i  

e 
L 

B 
P 
- P 

LI 

i 

a 
e 

e 

e 
e 

e e 

% *  e 

Figure 3-4 OVA vs. TVA PID Screening instrument 
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use of a dilution probe, a dilution probe was not used for this study for the "U". Thus, no 

H N v  measurements greater than 2,000 ppm are plotted (because these were recorded as 

"pegged at >2,000 ppm"). 

The correlation equations given in Table 3-1 are shown in Figure 3-6 along with the 95% 

confidence intervals for the mean. The plots labeled "a", "b", and "c" in Figure 3-6 show the 

correlation equations for the: - OVA versus the TLV Sniffe?; 

OVA versus the TVA FID; and 

TVA PID versus the "U", respectively. a 

The equations and the confidence intervals are given for screening values obtained at the 

surface (the solid lines) and screening values obtained at 1 cm from the surface (the dashed 

lines). In each case, the center line is the correlation equation and the outer lines are the 

95% confidence intervals for the mean. As stated previously, the correlation equations were 

developed using measurement error method (MEM) techniques. The MEM technique is 

discussed in Appendix B. 

COMPARISON OF SCREENING DISTANCES AT MAXIMUM SUSTAINABLE RATE AND 
PEAK SUSTAINABLE RATE 

Figures 3-7 through 3-1 1 show plots of the screening values obtained at the surface versus 

screening values obtained at 1 cm, for the OVA, TLV Sniffe?, HNV, TVA FID, and TVA PID 

screening instruments, respectively. The first plot on each of these figures (labelled "a") 

shows the data obtained for the maximum sustainable screening values and the second plot 

(labelled "b") shows the data obtained for the peak screening values. The solid line overlaid 

on each plot indicates the correlation equations obtained. These correlation equations were 

developed using measurement error methods in which the relative variability in the y-axis was 

assumed equal to the relative variability in the x-axis. A discussion of this method and a 

justification of the assumptions for this method can be found in Appendix B. 
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Figure 3-6. Equations Relating Screening Values from Different Instruments 
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As shown by the correlation equations overlaid on each of the figures, screening 

measurements obtained at 1 cm are generally 2 to 3 times lower than screening 

measurements obtained at the component surface. [A perfect one-to-one correlation would 

produce a 45" line from (1,l) to (100000,100000)]. This trend appears to be fairly consistent 

throughout the screening value range for all instrument types. 

Note that for the TLV Sniffe? instrument and the HNü@ instrument, there are no screening 

values greater than 10,000 ppm and 2,000 ppm, respectively. Although dilution probes are 

available for these instruments (to increase the range of measurable screening values), the 

dilution probes were not used for this study. A dilution probe was used for the TVA PID 
instrument; however, no measurable screening values were detected at concentrations greater 

than 2,000 ppm using this instrument. For all of the instruments, correlation equations 

developed are most applicable for the range of screening values shown on the plots. 

Table 3-2 gives correlation equations relating screening values at the surface to screening 

values at 1 cm for each of the four instrument types. Correlation equations are only given for 

Values at 1 cma 

TLVQ = (3.07) x (TLVl)0.927 

a For maximum sustainable screening values. 
Kev 
OVA@ = OVA screening value at the surface of a component. 
OVA1 = OVA screening value obtained with a 1 cm spacer. 
TLVQ = TLV Sniffe$ screening value at the surface of a component. 
TLV1 = TLV Sniffe$ screening value obtained with a 1 cm spacer. 
TVAFQ = TVA FID screening value at the surface of a component. 
WAF1 = TVA FID screening value obtained with a 1 cm spacer. 
HNUQ = HNU" screening value at the surface of a component. 
HNU1 = HNU" screening value obtained with a 1 cm spacer. 
TVAPQ = TVA PID screening value at the surface of a component. 
TVAP1 = TVA PID screening value obtained with a 1 cm spacer. 
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the maximum sustainable screening values (instead of the peak screening values). It is 

believed that the maximum sustainable screening values are the screening measurements 

refineries typically collect, As shown in the figures, however, there was very little visible 

difference between the equations obtained for the maximum sustainable screening value 

correlation equations and the peak screening value correlation equations. Table 3-2 also 

shows the number of data pairs used to develop the correlation equations and the correlation 

coefficient for each of the equations. As shown in the table, the correlation coefficients 

ranged from 0.79 to 0.93. 

Figure 3-12 shows plots of the correlation equations given in Table 3-2. The 95% confidence 

intervals for the mean are also overlaid on these figures. The solid lines in the figures 

indicates the regression equations and the dashed lines indicate the 95% confidence intervals 

for the mean. The plots labeled "a" through ''e" show the correlation equations for the: 

OVA screening values at the surface versus OVA screening 
values at 1 cm; 

TLV screening values at the surface versus TLV screening 
values at 1 cm; 

H N v  screening values at the surface versus HNU@ screening 
values at 1 cm; 

TVA FID screening values at the surface versus TVA FID 
screening values at 1 cm; and 

TVA PID screening values at the surface versus TVA PID 
screening values at 1 cm. 

The equations given in Table 3-2 and shown in Figure 3-12 were developed using a 

measurement error method (MEM) as discussed in Appendix B of this report. 

COMPARISON OF CURRENT STUDY DATA TO 1979 SCREENING STUDY DATA 

A screening value study was conducted for several west coast refineries in 1979. The results 

of this study are published in a report, entitled Valve Screening Study of Six San Francisco 

Bay Area Petroleum Refineries (Radian, 1979), also referred to as the "1 979 Screening Study" 

for this report. During the 1979 Screening Study, over 1 O0 valves were screened using both 

an OVA and a TLV Sniffe? screening instrument. In addition, screening measurements were 
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Figure 3-12 Equations Relating Screening Values at the Surface to Screening Values at 1 crn 
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obtained at the component surface and at 1 cm from the component surface. Data collected for 

the 1979 Screening Study (as given in Appendix B of the 1979 Screening Study report) 

were compared to data collected for the 1994 Screening Study. It should be noted, however, 

that it is not known whether background measurements were taken for the 1979 Screening 

Study and subtracted from the component screening values, which was the procedure used 

for the 1994 Screening Study. In addition, the 1979 Screening Study data included pegged 

screening measurements (Le., those screened beyond the range) which were removed before 

comparing them to the 1994 Screening Study data. As mentioned previously, pegged 

screening values were also obtained during the 1994 Screening Study; however, these values 

were not included in any of the analysis. 

Differences between the following screening value comparisons were examined for the 1979 

Screening Study data and the 1994 Screening Study data: 

OVA screening values at the surface versus OVA screening 
values at 1 cm; 

' TLV Sniffe$ screening values at the surface versus TLV Sniffe? 
screening values at 1 cm: 

OVA screening values at the surface versus TLV Sniffe? 
screening values at the surface: and 

OVA screening values at 1 cm versus TLV Sniffe? screening 
values at 1 cm. 

Figure 3-1 3 shows plots of the 1979 Screening Study data and the 1994 Screening Study data 

for the four relationships listed above. The 1979 Screening Study data are indicated by an 

asterisk (*) in the figures and the 1994 Screening Study data are indicated by a dot. 

Correlation equations were developed for each of the studies, separately, and are overlaid on 
these plots. The dashed line indicates the correlation equation obtained using the 1979 

Screening Study data and the solid line indicates the correlation equation obtained using the 

1994 Screening Study data. Both sets of correlation equations were developed using 

measurement error methods in which the variability in the x value was assumed equal to the 

variability in the y value, as discussed in Appendix B of this report. 
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Figure 3-13 Comparison of 1979 Study Data to 1994 Study Data 
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Analysis of covariances (ANCOVAs) performed on the 1979 and 1994 data indicated that 

there were significant differences between the studies when comparing the OVA screening 

values at the surface to the OVA screening values at 1 cm, and when comparing the TLV 

Sniffe? screening values at the surface to the TLV Sniffe? screening values at 1 cm. The 

equations developed for each of these correlation equations are shown in plots (a) and (b) of 

Figure 3-1 3. As shown in the plots, the 1979 Screening Study equation results in screening 

values that are roughly 2 to 3 times different, on the average, for high screening value ranges. 

Differences between the studies were not as apparent for the lower Screening value ranges. 

These differences between studies are fairly consistent for both the OVA and the TLV Sniffe? 

correlation equations. The cause for this difference between studies is not known. However, 

differences between studies could be attributable to different screening techniques, different 

ambient conditions, or different instrument sensitivities. It is also noted, that although 

statistically significant differences between the correlation equations for the two studies were 

found, the data are fairly well interspersed for low screening value ranges (¡.e., e 1,000 ppm). 

Plots (c) and (d) of Figure 3-13 show the correlation equations obtained for the two studies for 

the OVA versus the TLV Sniffe? screening measurements at the surface, and the OVA versus 

the TLV Sniffe? screening measurements at 1 cm, respectively. The ANCOVA results 

showed that there were no statistically significant differences between the studies for these 

two sets of correlation equations. In fact, the correlation equations shown in plot (c) are 

nearly identical. 

ANALYSIS OF OTHER FACTORS THAT MAY AFFECT THE CORRELATION EQUATIONS 

Analysis was performed to evaluate whether or not other factors, such as component type 

(connector or valve), service (light liquid, heavy liquid, or gas) or windspeed, may affect the 

correlation results. This analysis was performed only for those cases where a correlation 

equation was developed. 

Analyses of covariance (ANCOVAs) were performed to determine if any other measured 

factors (Le., component type, service, or windspeed) had a significant effect on the 

relationship between the logarithm of the y variable and the logarithm of the x variable. One 

of the assumptions in performing ANCOVAs is that the errors are normally distributed and that 
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the variances are constant for different factors or ranges. These assumptions were met by 

taking the natural logarithms of the x and y values. 

Testing for the significance of main effects (or factors) and the factor multiplied by log(x) (the 

interaction term) in an ANCOVA is analogous to testing whether separate regression 

t equations developed for those factors will have intercepts and slopes, respectively, that are 

statistically different. 

Table 3-3 shows the results of the ANCOVAs performed for the five sets of correlation 

equations developed which relate screening values at the surface to screening values 

obtained at 1 cm, and Table 3-4 shows the results of the ANCOVAs performed for the three 

sets of correlation equations developed relating screening values from different instrument 

types. The p-values for the main effect (¡.e., the intercept) and the interaction term (Le., the 

slope) are given in parenthesis for each of the factors. Those factors that have a statistically 

significant main effect (Le., the intercepts of the different equations are significantly different) 

or have a statistically significant interaction term (Le., the slopes of the different equations are 

significantly different) at the 0.10 level are noted with an "S" (significant) in the tables. Those 

factors for which the main effect and the interaction terms were not statistically significant at 

the 0.10 level are noted with an"NS" (not significant) in the table. 

As shown in Tables 3-3 and 3-4, component type was found to have a significant effect only 

for the TVAF@ versus the TVAF1 correlation equations. Component type was not found to 

have a significant effect for the other correlation equations developed. This is consistent with 

the visual evidence shown in Figures 3-1 through 3-9 and 3-1 1. In each of these figures, 

different symbols were used to indicate the different component types (Le., connector or 

valve). As shown in the figures, screening value measurements obtained for these two 
different component types were fairly well interspersed. The data shown in Figure 3-10 (Le., 

for the WAF@ versus the TVAF1) is redrawn in Figure 3-14 and overlaid with correlation 

equations developed for the different component types. Figure 3-14(a) did not have sufficient 

data for connectors to develop an adequate correlation equation. Although the differences in 

correlation equations for connectors and valves is apparent in Figure 3-14(b), the large 

differences could be attributable to the fact that there were insufficient data to adequately 

1 
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Table 3-3. Results of Multivariate Analysis for Correlations Between Screening Distances 

Key: 

HL 
"U6 
HNU1 
LL 
NS 

OVA@ 
OVA1 
S 

sv 
TLV Q 
TLV1 
WAF6 
WAF1 
N A P  Q 
TVAP1 

Hea liquid 
"$screening value at the surface of a component. 
HNü@ screening value obtained with a 1 cm spacer, 
Light liquid 
Not statistically significant at the 0.10 significance level (p-values for intercept and 
slope, respectively, given in parenthesis). 
OVA screening value at the surface of a component. 
OVA screening value obtained with a 1 cm spacer. 
Statistically significant at the 0.1 O significance level (p-values for intercept and slope, 
respectively, given in parenthesis). 
Screening value 
TLV Sniffe? screening value at the surface of a component. 
TLV Sniffe? screening value obtained with a 1 cm spacer. 
TVA FID screening value at the surface of a component. 
TVA FID screening value obtained with a 1 cm spacer. 
TVA PID screening value at the surface of a component. 
TVA PID screening value obtained with a 1 cm spacer. 

a Insufficient data to test both slope and intercept terms. 
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Table 3-4. Results of Multivariate Analysis for Correlations between Instrument Types 

Maximum 
Sustainable 

Peak Screening 
Value 

Maximum 
Sustainable 

Peak Screening 
Value 

Equation 
Group 

1 

NS (0.25)a 

NS (0.61)a 

NS (0.59)a 

NS (0.70)a 

2 

3 

Equation 

OVA@ vc 
TLV @ 

(Y vs X) 

OVA1 vs 
TLV1 

OVA@ vc 
TVAFQ 

OVA1 vs 
WAF1 

TVAP Q 
vs HNUQ 

TVAP1 vs 
"U1 

(After account 

Sustainable SV 

Sustainable SV 
I 

Peak Screening I NS (0.33, 0.29) 
Value 

Value 
Maximum NS (0.29, 0.52) 

Factor Tested 
ng for variation in tl 
Component Phase 

(LL, HL, Gas) 
S (0.43, 0.08) 

S (0.36. GO) 
NS (0.28, 0.73) 

NS (0.36, 0.74) 

NS (0.66)a 

S (0.04, 0.87) 

NS (0.34)a 

S (0.13, 0.07) 

NS (0.51)a 

NS (0.50, 0.59) 

NS (0.37)a 

NS (0.64, 0.75) 

NS (0.52, 0.97) 

I l  NS (0.31, 0.74) 

NS (0.69, 0.18) 

S (0.03, 0.36) 

I l  NS (0.54, 0.19) 

S = Statistically significant at the 0.10 significance level (p-values for intercept and slope, respectively, 

NS = 8 ot statistically significant at the 0.1 O significance level (p-values for intercept and slope, 
respectively, given in parenthesis). 

a Insufficient data to test both intercept and slope terms. 

wen in parenthesis). 
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Figure 3-14 
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represent connectors, especially for the larger screening value ranges. Thus, the significant 

effect found for component type for the N A F Q  versus the TVAFl correlation equations may 

be an anomaly. 

Component service (Le., light liquid, heavy liquid, or gas) was found to have a significant 

effect for six of the correlation equations evaluated. These were for the OVA@ versus OVA1 

correlation equations (maximum sustainable and peak screening values), the OVA@ versus 

TLV @ correlation equations (maximum sustainable and peak screening values), the OVA@ 

versus TVAF@ correlation equation (peak screening values), and the OVA1 versus TVAFl 

correlation equation (peak screening values). Figure 3-15 shows the data for each of these 

correlation equations overlaid with the service specific correlation equation. Although the 

ANCOVA results indicated that these equations were statistically different, the differences 

between the equations in plots (a), (b), and (e) of Figure 3-15 do not seem to be very large 

and may not be of practical significance. Plots (c), (d), and (9 of Figure 3-15 show larger 

diff erences between the correlation equations developed; however, these large diff erences 

may be due, in part, to the lack of data available to define some of the service types. 

The last factor evaluated was windspeed. It was hypothesized that windspeed could 

potentially have a significant effect, especially for screening value readings obtained at 1 cm. 

Windspeed was found to have a significant effect for six of the correlation equations 

developed - the OVA@ versus OVA1 correlation equations (maximum sustainable and peak 

screening values), the OVA@ versus W A F @  correlation equation (peak screening values), 

the TVAP@ versus HNU@@ correlation equations (maximum sustainable and peak screening 

values), and the TVAPl versus HNU1 correlation equation (peak screening value). Thus, 

windspeed was found to account for a significant portion of the variability in the correlation 

equations developed for these six cases. The degree of variability of measured screening 

values as a function of windspeed is beyond the scope of this project, although, it could be 

investigated in future related work. However, the impact of windspeed on the correlation 

equations was minor. Only marginal improvements in the correlation coefficients were found 

for the equations for which windspeed was significant. For example, the correlation coeff icient 

for the OVA@ versus OVA1 correlation equation improves from 0.929 to only 0.930 by 

including windspeed. 
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Figure 3-15 Plots Illustrating Service Type Effects 
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Figure 3-15 Plots Illustrating Service Type Effects 
(Continued) 
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Screening Number of 
Distance Data Pairs 

@ Surface 174 
1 cm 164 

@ Surface 54 
1 crn 52 

Section 4 

CONCLUSIONS AND RECOMMENDATIONS 

Correlation Equation 
OVA@ = (6.09 x lo1) x (TLV@)1,216 
OVA1 = (4.58 x 10-l) x (TLVl)"" 
OVA@ = (1.54) x (TVAF@)0.935 
OVA1 = (1.02) x (TVAFl)1.0'3 

RESULTS FROM DIFFERENT SCREENING INSTRUMENTS 

The four instruments use three unique methods to detect hydrocarbon concentrations. The 

OVA 108 and the TVA 1000 (FID) are both flame ionization detectors. The HNU@ and the 

TVA 1000 (PID) are both photo ionization detectors. The TLV Sniffer@ uses a combustible gas 

detector. The different hydrocarbon detection systems are believed to be the primary reason 

for the different results between instruments. The two FID instrument results and the two PID 

instrument results were much more comparable to each other than to instruments using 

different detection systems (FID vs. PID vs. combustible gas). 

Results from this study indicate that measured screening values from different instruments are 

different for the same component. A set of adjustment factors, or correlation equations, have 

been developed as pari of this study to convert screening values from the TLV Sniffe? and 

TVA FID instruments to those measured with an OVA. These correlation equations are shown 

on Table 4-1. 

Table 4-1. Equations 

OVA versus TLV Sniffe?' 0.85 
0.75 
0.90 
0.83 

a For maximum sustainable screening values. 

Kev 
OVA@ = OVA screening value at the surface of a component. 
OVA1 = OVA screening value obtained with a 1 cm spacer. 

TLV@ = TLV Sniffe? screening value at the surface of a component. 
TLV1 = TLV Sniffe$ screening value obtained with a 1 cm spacer. 
TVAF@ = TVA screening value at the surface of a component. 
WAF1 = TVA screening value obtained with a 1 crn spacer. 

No correlations were developed to relate HNU@ or TVA PID screening values to OVA 

screening values because an adequate correlation was not found between these screening 
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values. Therefore, it is not advisable to use mass emission correlation equations that were 

developed with an OVA when HNü@ or TVA PID screening measurements are obtained. 

Study results indicate that the differences between peak screening values and the maximum 

sustainable screening values were not significant. 

RESULTS FROM DIFFERENT SCREENING DISTANCES 

The recent refinery and petroleum marketing terminals studies were performed by screening 

components as close as possible to the surface. For facilities having data obtained using a 

1 cm spacer, that would like to apply results of these recent studies to their facilities, an 

adjustment factor needs to be applied. The adjustment factor for an OVA at the surface 

(OVA@) versus an OVA at 1 cm (OVA1) is given in the equation below: 

OVA@ = (3.60) x (Equation 4-1) 

The recommended approach for converting TLV Sniffer@ and the TVA FID screening values to 

comparable OVA screening values at the surface, when a 1 cm spacer is used with these 

instruments, is to first convert to comparable OVA values at 1 cm by using the correlations in 

Table 4-1 and then apply the above equation. Because of the lack of correlation for the HNü@ 

and TVA PID to OVA screening values it is not recommended to convert any screening values 

from these instruments to OVA screening values. It should be noted that if a mass emission 

rate-screening value correlation line is plotted on log-log scale graph paper, based upon OVA 

screening measurements 1 cm away from the surface, and then Equation 4-1 is used to 

convert the 1 cm screening values (OVA1) to at the surface values (OVA@) and the straight 

line is replotted with the converted values on the same graph, the new line will be shifted to 

the right and will be lower than the original 1 cm mass emission rate-screening value 

correlation line. 

Each of the instruments had screening values compared with that instrument at the surface to 

those with that same instrument at 1 cm. The effects of screening at the surface versus 

screening at 1 cm appears to have roughly the same impact for each instrument type. The 

screening values are two to three times lower, on the average, when obtained at a 1 cm 

screening distance. 

4-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBLw332 95 0732290 0546447  274 

COMPARISON OF STUDY RESULTS TO EARLIER STUDY 

A previous study, entitled Valve Screening Study at Six San Francisco Bay Area Petroleum 

Refineries, or the "1979 Screening Study," reported on results for similar analysis of the TLV 

Sniffe? and the OVA 108. The current study, or "1 994 Screening Study", evaluated more 

components, included connectors in the analysis, included additional screening instruments, 

and looked at additional factors that could influence test results such as windspeed, 

component type and service type. 

Both studies show comparable differences between OVA and TLV Sniffe? screening values; 

however, the screening distance differences were more pronounced in the 1979 Screening 

Study than in the 1994 Screening Study. The reason for the differences in screening distance 

results is unknown. These differences could be due to differences in screening techniques, in 

ambient conditions, or in instrument sensitivities. 

COMPARISON OF OTHER FACTORS THAT MAY AFFECT THE CORRELATION 
EQUATIONS 

An analysis was performed to determine other factors that may affect the relationship between 

screening values. Windspeed was found to have a statistically significant effect for some of 

the inter-instrument comparison correlation equations. However, the impact of windspeed on 

the correlation equations was minor. Only marginal improvements in the correlation 

coefficients were found for the equations for which windspeed was significant. For example, 

the correlation coefficient for the OVA at the surface versus OVA at 1 cm correlation equation 

improves from 0.929 to only 0.930 by including windspeed. 

Component type and service type were shown to have a significant effect for a few of the 

screening value correlations developed; however, these are thought to either be anomalous 

occurrences or questionable due to limited data for a specific factor. 
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AïPENDIX A 

Screening Value Data 
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APPENDIX B 

Statistical Analysis Details 
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B.l Regression Analysis with Errors in Both X and Y 

The fitting of a line to describe the relationship between two variables (X and Y) 
involves estimating a Y-intercept (Bo) and a slope (ß,). When both X and Y variables 
have measurement errors, measurement error methods (MEM), such as those described 

by Fuller (1987), can be used to determine the regression line. Whereas, in ordinary 

least squares (OU) methods, one assumption is that there are no errors in X or that the 

errors in X are negligible when compared to the errors in Y, MEM techniques account 
for the errors in both the X and Y values. Thus, whereas, the OLS method chooses 
parameter estimates for Bo and Bi as those values which minimize the sum of squares of 
the vertical distances from the data points to the presumed regression line; MEM 
techniques involve minimizing the sum of the squares of the X values and Y values, for 

given estimates of the errors in X and Y. 

The MEM technique detailed below is discussed by Fuller (1987) and Mandel (1964). 

All regression analyses performed for this study were done in log-space. Taking the 
natural logarithms of the screening values results in model errors that are normally 
distributed with constant variances. The use of natural logarithms (log base e), as 
opposed to common logarithms (log base lo), is the natural approach. If common 

logarithms are used, a correction factor of 10&(10) is needed at various points 

throughout the analysis; this needless complication is avoided by using natural 

logarithms. 

Let 
Yi = Lo& (Screening value one for component i) 

= Lo& (Yi), 

and 
X, = Lo& (Screening value two for component i). 

So that: 
= (Xi) 

B- 1 
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Log, (Screening value one) = Bo + ß, Lo& (Screening value two), 

or 
Y, = Bo + BIXi 

describes the regression line in log space. 

In OLS regression analysis, the slope and intercept, ß, and ß, , are determined to 
minimize the following: 

n 
s =E (Yi-qi)2 

i l  

where 

The "hat" notation has been used to indicate the estimate of a given quantity; e.g., â is an 
estimate of a. 

This approach produces biased estimates of ß, and ß, when there is an error in X as 
well as Y. In this case, the correct approach is to determine the estimates of ß, and 13, 
using MEM techniques that minimize the following: 

The quantities Xi - Xi and Yi - Pi are estimates of the model errors in Xi and Y,, 
respectively. The values u: and o: are the measurement errors in X and Y, 
respectively. 

B-2 
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We define the variable I as: 

In the development here, X is assumed known. (For the regression analyses performed 

1 was assumed equal to 1. Thus, the measurement errors in the X values were assumed 
equal to the measurement errors in the Y values. Duplicate screening value 

measurements were collected to test this assumption. Results of the analysis of the 
duplicate screening measurements are discussed in Section B.4 of this appendix). 

Minimizing S’ is equivalent to minimizing S’*: 

n 
s” I [(y-&)’ +A(Yi4J2] 

i l  
n 

= [(xi- &)?+A (Yi- (bo+ Bl%))2] 
il 

While the Xi values come into play in the optimization process, their values are not of 

primary interest here. Expressions for the estimates of the slope and intercept, which are 
of primary interest, are available in closed form. 

Define 

v = n (x, - XI’ 
i l  
n 

w = n (yi - 7)’ 
i l  

i l  

where, 

B-3 
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- f 5  
i l  X =- , and 

n 

- Yi 
t l  y =- 
n 

Then the estimates of the slope and intercept are as follows: 

ß,= Iw - v + d( v-lw)2 + 4lp2 
2 P  

- 
ß,= Y - B, x 

Finally, estimates of ux2 and uy2 are given by the formulas: 

Where, 

w - 2B p + b2 u = 
N 

The estimates of u: and u t  given above are needed to calculate the scale bias 
correction factor (SBCF) as discussed in Section B.2 of this appendix. The estimates of 
a: and u: are also used in the calculation of confidence intervals for the regression. 

B-4 
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Confidence intervals were not calculated for this study; however, the methods for 

calculating confidence intervals for the MEM regression are described in Appendix D of 
the 1993 Refinery Study Report (Radian, 1993). 

B.2 SCALE BIAS CORRECTION FACTOR 

In order to predict the mean y value for a given x value (in linear space), one must first 
transform the results of the regression from log-log space back to arithmetic scales. To 
do this, a scale bias correction factor (SBCF) is required to obtain the following 
predictive equation: 

9 = SBCF x ef  

The SBCF is needed to account for the fact that a nonlinear transformation is being 
performed on the means. A SBCF was developed specifically for this application. The 
derivation of this SBCF is described in Appendix D of 1993 Refinery Study report 

(Radian, 1993). 

The SBCF is defined as follows: 

B3 CORRELATION COEFFICIEILT 

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: 

B-5 
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c (3 - X).(YI - V) 
‘XY = , 3 

and is bounded: 

The correlation coefficient squared (rXy2) can be interpreted as the fraction of the total 
variance of one variable that can be explained in terms of the other variable. In other 
words, rxy measures how closely the two variables are related. If the total variation is all 
explained by the regression line, Le., if rxy2 = 1 or rxy = 21, 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 rxy e O, the 
response decreases as the independent variable increases. 

B.4 ANALYSIS OF DUPLICATE SCREENING DATA To ESTIMATE 1 

Duplicate screening data were collected on twelve components. An evaluation of the 

duplicate data was performed to determine whether or not the assumption of I = 1 (i.e., 
that the variability in the X value was equal to the variability in the Y value) was false. 

Ideally, it would be desirable to collect a very large number of replicate results, so that 

1 could be estimated with sufficient accuracy. However, this was not feasible within the 

confines of the current study. It was hypothesized, however, that the measurement 
variability for different types of screening value measurements would be comparable. In 
general, sufficient data were collected to test this hypothesis. 

Attachment B.1 to this appendix shows the duplicate results that were collected for the 

twelve components, for each of the five instrument types. Given in Attachment B.l is 

the sample id, the sample type (normal or duplicate), and the maximum sustainable 

B-6 
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screening values at the surface and at 1 cm. The duplicate analysis was only performed 
on the maximum sustainable screening values (instead of the peak screening values), 
since this is the type of screening value measurement specified in Method 21 and the 
type of measurement typically collected by refineries. The screening values given in 
Attachment B.l have been adjusted for background (Le., the background screening 
values have been subtracted from the component screening values). As shown in 

Attachment B.l duplicate screening measurements were not always obtained for every 
type of screening value, for every instrument. Thus, for example, there were usually 12 
or close to 12 duplicate pairs for the OVA and TLV instruments, but fewer for the HNu 
and TVA instruments. 

Table €3-1 shows the variability estimates for screening values obtained at the surface and 

at 1 cm for the maximum sustainable screening values. Given in Table B-1 is the 
instrument type, the number of duplicate pairs used to develop the variability estimate, 

the pooled standard deviation (in ppm), and the pooled coefficient of variation (in 
percent). The coefficient of variation (CV) is calculated as the standard deviation 

divided by the mean, and is pooled in the same way standard deviations are pooled. 
Whereas the standard deviation shows the absolute variability and is expected to increase 
as screening values increase, the CV is a measure of relative variability and is not 

expected to vary as much for different ranges of screening values. 

As shown in Table B-1 the standard deviations appear to be fairly similar when 

comparing the standard deviation at the surface versus the standard deviation at 1 cm 
for a given component. If fact, it was speculated that if there were differences between 

the variability estimates, that the variability at 1 cm would be larger that the variability 
at the surface, since measurements obtained at 1 cm are more subject to ambient 
conditions (e.g., windspeed, temperature, etc.). However, this is not supported by the 

data shown in Table B-l. 

B-7 
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Table B-1 also shows the standard deviations obtained for different instruments. As 

shown in the table, the standard deviations vary considerably for different instrument 
types, with the OVA instrument showing the largest standard deviations and the HNu 
instrument showing the smallest standard deviations. However, there were also higher 
screening values recorded for the OVA instrument, whereas no screening values greater 
than 5,ûûû ppm were recorded for the HNu instrument. The CV provides a more 
representative measure of how the variability within instruments differs from instrument 

to instrument in this case, since it is a measure of the relative variability . The CVs 

shown in Table B-1 do not vary considerable between instruments. The CVs vary from 
31.7% to 55.1% for screening values obtained at the surface, and from 50.0% to 693% 

for screening values obtained at 1 an. 

Table B-2 shows the same types of variability estimates presented in Table El, except 
the analysis of the duplicate data was performed on the natural logarithms of the data. 
Statistical tests to test for the equivalence of variability estimates were only performed 

on the variability estimates presented in Table B-2. Since the correlation and regression 

analysis was performed on the logarithms of the data, it follows that the analysis of the 

variability results should be done in log-space. Furthermore, for this study, A is the ratio 

of the variances of X and Y in log-space. 

F-tests (Snedecor and Cochran, 1989) were performed to test whether there was a 
difference between the variances at the surface versus the variances at 1 cm, for each 
instrument type. The result of the F-tests are shown in the last two columns of Table R 
2. There was only one instance (for the TLV instrument) where the F-test indicated a 

significant difference between the variances at the surface versus 1 cm. No statistically 

significant differences were indicated for the other instrument types tested (a = 0.05). 

Bartlett’s test (Snedecor and Cochran, 1989) was used to test the equality of variances 
when more than two variances were being compared (Le., when comparing variances 
across different instrument types). The result of Bartlett’s test are shown in the last row 

B-8 
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of the table. As shown in the table, the Bartlett’s test results did not indicate that the 

measurement errors variances were significantly different for the different instrument 
types tested (a = 0.05). 

In summary, there were six separate tests for equality of variances in all. If the 
unknown, true variances being tested were equal in a given test, there would be a 95% 

probability that the test would indicate that there was no significant difference. That is, 
there is a 5% chance of erroneously concluding that there was a difference because of 
random effects in the data. 

When six tests are performed, the probability of occurrence of at least one false 
conclusion of inequality of variances is higher than 5%. If the six tests were 
independent, and if all sets of true variances tested were in fact equal, then the 

probability that there would be no false conclusions at all would be 0.956 = 0.735. Thus, 
there would be more than one chance in four that at least one test would falsely indicate 
that the variances tested were unequal. 

The six tests are not strictly independent, since each variance is used in two of the tests. 

Nevertheless, the point has been made, that one result out of six that is barely 
statistically significant at the 5% levei does not strongly indicate that the assumption of 
equal variances should be abandoned. 

In conclusion, the duplicate data evaluated did not suggest that there were significant 
differences between measurement errors across different instrument types, for 

measurements obtained at the surface or at 1 cm. Also, in general, for a given 
instrument, significant differences were not found between measurement errors for 
screening values obtained at the surface versus screening values obtained at 1 cm (the 
only exception was for the TLV instrument). Thus, the assumption that A is equal to 1 

when using the measurement error method to develop regression equations appears to 

be a reasonable assumption for this study. 

B-9 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



API PUBL*332 95 m 0732290 0546497 B T T  

REFERENCES 

1. Fuller, Wayne A. Measurement Error Models, John Wiley & Sons, 1987. 

2. Mandel, John, The Statistical Analvsis of ExDerimental Data, Interscience 

Publishers, 1964. 

3. Radian Corporation, 1993 Study of Refinery Fugitive Emission from Equipment 

Leaks. Prepared for Western State Petroleum Association. Glendale, CA. 
February 1994. 

4. Snedecor, George W. and William G. Cochran. Statistical Method, Eighth 

Edition, Iowa State University Press, 1989. 

B-10 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLM332 95 = 0732290 054649ä 736 D 

Attachment B.1 

Duplicate Screening Value Measurements 
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WSPA Screening Study 

Duplicate Data 

Sample Max-Sus. Peak Max. Sus. 

Refinery ID (N or D) Type Phase @ Surface @ Surface at 1 cm 
Sample Type sv sv sv 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

20 
20 
40 
40 
60 
60 
80 
80 
100 
100 
12 5 
125 
14 O 
14 O 
14 4 
144 
147 
147 
153 
153 
159 
159 
164 
164 

N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 

valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 

LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 

24 
21 
192 
114 
440 
390 
184 
144 
83 
78 . 

1192 
1692 
992 
1042 
3492 
2193 
8992 
39993 
6993 

1180 
1093 

39988 

24 
21 
242 
114 
590 
440 
184 
14 4 
133 
78 

1192 
2392 
992 
1042 
4992 
2193 
9992 
39993 
6993 

39988 
1180 
1093 

10 
6 

32 
6 

190 
110 
44 
29 
53 
83 

49980 
89980 
1292 
1092 
992 
92 

2392 
293 

9992 
44993 
3993 

15988 
480 
693 

Peak 
sv 

at 1 cm 

16 
12 
62 
19 

290 
150 
64 
34 
83 
03 

49980 
89980 
1592 
1092 
992 
142 

2992 
293 
9992 

44993 
3993 
19988 
680 
693 

N = 24 
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Duplicate Data 

Peak Max.Sus. Peak Sample Max. Sus. 
Sample Type sv SV SV sv 

Refinery ID (N or D) Type Phase @ Surface @ Surface at 1 cm at 1 cm 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

20 
20 
40 
40 
60 
60 
80 
80 
100 
100 
12 5 
125 
140 
14 O 
144 
144 
147 
147 
153 
153 
159 
159 
164 
164 

N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 

va Ive 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 

LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 

O 
O 

100 
100 
92 
108 
30 
32 . 

992 
992 
64 2 
538 
480 
4 

3430 
4030 
2000 
2800 
80 
100 

O 
O 

100 
100 
92 
108 
30 
32 

. 
992 
992 
642 
538 
480 
4 

3430 
4030 
2000 
2800 
80 
100 

O 
O 

30 
16 
45 
33 
15 
30 

792 
772 
372 
338 
23 
4 

3130 
3130 
1100 
2200 

O 
86 

O 
O 

30 
16 
45 
33 
15 
30 

. 
792 
772 
372 
338 
23 
4 

3130 
3130 
1100 
2200 

O 
86 

N = 24 
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WSPA Screening Study 
Duplicate Data 

Sample 
Refinery ID 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

20 
20 
40 
40 
60 
60 
80 
80 
100 
100 
125 
125 
140 
14 O 
14 4 
144 
147 
147 
153 
153 
159 
159 
164 
164 

Sample 
Type 

(N or ' 

Max. Sus. Peak Max.Sus. Peak 
sv  SV SV SV 

D) Type Phase @ Surface @ Surface at 1 cm at 1 cm 

N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 

valve 
valve 
valve 
va Ive 
valve 
valve 
con-non 
con-non 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 

LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 

11 
16 

180 
50 

. 

. 
45 
48 
15 
10 
16 
19 
O 
O 
19 

8 
O 
O 
O 

16 
16 
180 
70 

. 

. 

. 
48 
15 
10 
16 
19 
O 
O 
19 

O 
O 
O 
O 

1 
O 

20 
10 

. 
43 
10 
5 
3 
3 
O 
O 
19 

O 
O 
O 
O 

2 
2 
40 
10 

. 
43 
10 
5 
3 
3 
O 
O 
19 

O 
O 
O 
O 

N = 24 
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WSPA Screening Study 
Duplicate Data 

Sample Max. Sus. Peak Max.Sus. Peak 
Sample Type sv sv sv sv 

Refinery ID (N or D) Type Phase @ Surface @ Surface at 1 cm at 1 cm 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

20 
20 
40 
40 
60 
60 
80 
80 
100 
100 
125 
125 
140 
140 
144 
144 
14 7 
147 
153 
153 
159 
159 
164 
164 

N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 

valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 

LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 

. 
o 

690 
495 
32 
103 

. . 
700 
595 
62 
173 

179848 
132978 
1688 
3627 
2395 
519 

5981 
3636 

29096 
18296 
17093 
56083 
331 
709 

. 
40 
120 
32 
33 

100 
125 
62 
38 

98654 
136248 
1751 
3860 
222 
3330 

12 
51 

12996 
18296 
7339 
20352 

167 
225 

N = 24 
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Sample 
Refinery ID 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

20 
20 
40 
40 
60 
60 
80 
80 
100 
100 
12 5 
125 
14 O 
140 
144 
14 4 
147 
147 
153 
153 
159 
159 
164 
164 

Sample 

(N or D) 

N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 
N 
D 

Type 
Type Phase @ 

Max. Sus. Peak Max.Sus. Peak 

va Ive 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
valve 
con-non 
con-non 

LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
u 
u 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 

sv sv sv SV 
Surface @ Surface at 1 cm at 1 cm 

. . . . 
o . o 

o 

. 
128 
115 
14 
21 
16 
9 
25 
20 
39 
43 
1 
2 
1 
1 

120 
105 
14 
23 
3 

24 
O 
O 
34 
42 
1 
6 
1 
1 

N = 24 
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RELATED API PUBLICATIONS.. . 
Publ. 4612 1993 Study of Refinery Fugitive Emissionsfiom Equipment Leaks, 

Volumes I and II, April 2994 

1993 Study of Refinery Fugitive Emissionsfrom Equipment Leaks, 
Volume ZII, Ap.11994 

Development of Fugitive Emission Factors and Emission Profiles 
for Petroleum Marketing Terminals, Volume I, May 1993 

Development of Fugitive Emission Factors and Emission Profiles 
for Petroleum Marketing Teminals,Volume IZ, May 1993 

Publ. 4613 

Publ. 4588 

Publ. 45881 

To order, call API Publications Department (202) 682-8375 

American 1220 L Street, Northwest 
Petroleum Washington, D.C. 20005 4’ Institute Order No. 849-33200 
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