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EXECUTIVE SUMMARY 

 

The TCEQ contracted National Physical Laboratory (NPL), based in the United Kingdom, to 

perform differential absorption lidar (DIAL) measurements on industrial emissions sources 

located in a refinery and a storage terminal in the Houston-Galveston-Brazoria ozone 

nonattainment area between July 9, 2007, and August 18, 2007.  Measurements focused on those 

industrial sources that are difficult to measure using conventional sampling techniques.  NPL’s 

complete report concerning DIAL measurements can be found in Appendix A. 

 

The objective of the DIAL study was to compare DIAL emissions measurements to emissions 

predicted using conventional methods and models.  Independent reviewers were contracted to 

analyze the DIAL emissions measurements and compare these emissions to emissions 

determined using conventional methods or models.  The results of these analyses are summarized 

in this report, presented in entirety in the appendices, and are accompanied by additional TCEQ 

analyses in the “Evaluation” section. 

 

FLARE MEASUREMENTS 

NPL measured total volatile organic compound (VOC) emissions from two elevated flares at the 

refinery for three days.  The independent analysis of flare measurements and process data 

indicate that one of the refinery flares achieved a destruction and reduction efficiency (DRE) that 

was higher than the expected DRE of 98 percent, and the other refinery flare achieved a DRE 

that was lower than 98 percent.  Cross-wind effects did not likely contribute to the low DRE 

observations, per the independent analysis.  The independent analysis recommended additional 

measurement and evaluation to accurately assess potential reasons for the low DRE observations.  

The TCEQ analysis concurs, but suggests that waste gas stream composition and flow rates, in 

addition to flare assist rates may be potential causes for the low DRE observations. 

 

STORAGE TANK MEASUREMENTS 

NPL measured total VOC emissions from 37 storage tanks at the bulk terminal and the refinery.  

The independent analysis of storage tank measurements indicates emissions determined using 

conventional models generally fall within the range of DIAL emissions measurements.  

Emissions measurements of gasoline storage tanks correspond more closely to conventional 

model emissions estimates than similar comparisons performed for crude oil storage tanks, 
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where measured emissions were mostly greater in magnitude than conventional emissions 

estimates.  The independent analysis suggests that tank filling or wind direction could be 

potential reasons for these higher emissions rates, but recommends further targeted studies to 

ascertain probable causes.  The TCEQ analysis suggests potential reasons for this discrepancy 

may include reliance on EPA default data for a complex liquid mixture such as crude oil that can 

have large variations in vapor pressure and composition. 

 

OTHER MEASURED SOURCES 

NPL measured both the effluent treatment (wastewater) and delayed coking facilities at the 

refinery.  Available wastewater process data was obtained from the refinery for emissions 

determination and associated analysis.  Unfortunately, the available process data was not 

sufficient to calculate emissions using conventional models.  All data collected are presented in 

the Appendices; please reference the Table of Contents.    

 

NPL measured total VOC as well as benzene emissions from the delayed coker; measurements 

were made to capture as much of the entire coking cycle as possible.  Coker benzene emissions 

measurements approached the DIAL system’s detection limit (10 ppb).  There are no published 

methods for estimating VOC emissions from delayed cokers.  Since no comprehensive data or 

conventional approach exists, an analysis of conventionally determined delayed coking 

emissions was not performed. 

. 
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INTRODUCTION 

 

BACKGROUND AND PURPOSE  

VOC atmospheric concentration measurements in the Houston-Galveston-Brazoria ozone 

nonattainment area (HGB area) performed during the second Texas Air Quality Study (TexAQS 

II, 2006) indicate VOC emissions are potentially under-represented in the TCEQ's emissions 

inventory.   

 

Although the TCEQ has performed qualitative research to identify under-represented VOC 

emissions sources, quantitative measurements of industrial sources are necessary to improve 

reported estimates.  To obtain quantitative data, the TCEQ used DIAL technology to measure 

VOC emissions from industrial sources.  These measurements were compared to emissions 

determined using conventional, established methods to evaluate the accuracy of these emissions 

methods and therefore identify potentially under-reported emissions sources. 

 

DIAL MEASUREMENT TECHNIQUE 

DIAL measures range-resolved concentrations of targeted compounds in a two-dimensional 

field. To translate these concentrations to emission rates from a targeted source, other relevant 

parameters must be taken into account, including wind speed and direction, any contribution 

from other upwind sources, and any differences between the response of the DIAL technology to 

the actual compounds present versus the response to compounds used to calibrate the DIAL 

technology.  NPL included non-detect concentrations as zeros for yhe purposes of reporting 

average concentrations. 

 

DIAL emission rates are therefore calculated from a combination of direct DIAL concentration 

measurements and other parameter measurements.  It is important to note that the total VOC 

measurements presented in this report represent the total of hydrocarbons with three or more 

carbon atoms (C3 plus hydrocarbons), and not the total of regulatory VOC as defined by the 

Environmental Protection Agency (EPA).  More detail about DIAL measurements can be found 

in the NPL report in Appendix A.  An analysis of the limitations of DIAL measurements is 

presented in the independent analysis of storage tanks in Appendix B. 
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DIAL STUDY OVERVIEW 

DIAL measurements were conducted for seven to eight hours per day, six days per week, for 28 

working days at two industrial sites in the HGB ozone nonattainment area.  Passive infrared 

HAWK camera crews conducted ground-level observations for the project’s duration to detect 

any possible interference from other VOC sources.  An aerial survey using the HAWK camera 

occurred during the project to detect any potential VOC sources outside the site boundaries that 

could influence site measurements.  The results of the ground surveys are summarized in 

Appendix C. 

 

The first operational week of the project measured total VOC emissions from naphtha storage 

tanks at a storage tank leasing site.  The second through fifth weeks of the project measured 

industrial emissions sources located at a refinery.  Specifically, the DIAL measured total VOC 

emissions from storage tanks, coker units, flares, and wastewater treatment areas; benzene 

measurements were performed on coker units and process areas.  Crude oil, fuel oil, diesel, and 

gasoline storage tank emissions were measured.  TCEQ personnel accompanied the DIAL and 

HAWK crews throughout the duration of the project. 

 

To validate or assess the accuracy of the DIAL measurements, the DIAL measured sulfur 

dioxide emissions from a sulfur recovery unit equipped with a continuous emissions monitoring 

system (CEMS) within the refinery.  These measurements were compared to the CEMS data to 

provide field verification of the DIAL system, as detailed in NPL’s final report in Appendix A.  

Additionally, NPL performed blind measurements of various calibration gases provided by the 

refinery for validation purposes; these results are also presented in NPL’s report.  NPL’s 

measurements deviated from the actual certified gas values by approximately one to 12 percent. 

 

ANALYSIS 

The TCEQ retained independent contractors to evaluate the conventional methods and models 

for determining VOC emissions from the industrial sources measured during the DIAL study.  

The independent contractors assessed the accuracy of these conventional emissions 

determination methods by comparing the predicted emissions to the direct emissions 

measurements, drew conclusions about how accurately each of the methods or models 

correspond to the actual emissions measurement, and presented possible reasons for any 

discrepancies.  These detailed analyses are presented in Appendices B and D.  A detailed 
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evaluation of these analyses as well as DIAL measurements follows.  All process data collected 

are presented in the Appendices; please reference the Table of Contents in the Appendices. 
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EVALUATION 

 

FLARE MEASUREMENTS 

NPL measured total VOC emissions from two elevated flares, one temporary flare and one 

permanent process/emergency flare, at the refinery for three days.   

 

The refinery supplied process and operational data from its monitoring and compositional 

analysis instrumentation located at the flare header.  During the three days of DIAL 

measurements, the temporary flare was combusting a waste gas stream composed of primarily 

hydrogen (approximately 80 molar percent) and approximately 5 to 10 molar percent VOC; the 

flow rate to the flare ranged from 400,000 to approximately 900,000 standard cubic feet (scf) per 

hour. 

 

During the three days of DIAL measurements, the permanent process/emergency flare was 

combusting a waste gas stream that was composed primarily of nitrogen and methane 

(approximately 80 molar percent total) and approximately 2 to 5 molar percent VOC.  Waste gas 

flow typically ranged from 0 to 300,000 scf per hour; maximum reported flow rate was 510,000 

scf per hour.  The permanent process/emergency flare was a newly constructed refinery flare that 

had recently commenced service a few months before the DIAL testing. 

 

DIAL measurement scans isolated the emissions flux, or rate of flow across a given surface, 

from the temporary flare on the third day of flare measurements; however, due to the permanent 

process flare’s location, its emissions fluxes were impossible to separate from the temporary 

flare’s emissions fluxes.  When isolated, the temporary flare’s emissions fluxes were relatively 

low, averaging 6 pounds/hour.  According to the independent analysis, the low emissions flux 

from the temporary flare is due to its high DRE of 99.9 percent.  Therefore, when reporting the 

total emissions flux from both flares, NPL attributes the majority of the flux to the 

process/emergency flare.  However, this attribution cannot be entirely representative of the entire 

measurement period, since, at certain points, the total measured VOC emissions rate exceeds the 

mass of uncontrolled VOC in the waste stream routed to the permanent process/emergency flare. 

 

The DIAL system detected background (upwind) concentrations during the measurement period; 

in the NPL report, these concentrations, which could originate from nearby process units, have 
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not been subtracted from the average fluxes reported in the tables throughout this document.  

DIAL measurement results from the NPL report are summarized in Table 1 below. 

 

Table 1: Summary of Flare DIAL Measurements 

Sources Measurement 

period(s) 

Average total VOC 

emissions fluxes 

Average upwind total 

VOC emissions fluxes 

Temporary and 

permanent 

process/emergency flares 

Three days 147 to 263 lbs/hr <1 to 14 lb/hr 

 

Temporary flare (isolated) One hour <1 to 15 lb/hr <1 lb/hr 

  

Detailed Review: Independent Analysis of Flare Measurements 

Eastern Research Group, Inc., performed the flare measurement and process data analysis.  

Conventional flare emissions estimates were determined using engineering calculations based 

upon assumed DRE and monitored composition and operational data provided by the refinery. 

   

This independent analysis of flare measurements and process data indicates the waste stream 

combusted by the temporary flare comprises 93 to 98 percent of the combined waste streams 

combusted by both the temporary and the permanent process/emergency flares.  Therefore, the 

temporary flare’s DRE “overwhelmingly” influences and contributes to the overall destruction 

efficiency of the combined flares.  The independent analysis concluded that the temporary flare’s 

DRE was 99.9 percent, based on the measurements that isolated the temporary flare emissions 

(August 11 measurements). 

 

Visually, the temporary flare had a significant and obvious combustion plume at least 50 feet in 

height during the measurement period, and appeared to have a cooler flame temperature based 

upon its yellow color.  In contract, the permanent flare had a blue, virtually inconspicuous flame, 

as illustrated in Photo 1 below. 
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Photo 1: Refinery Flares. 

Permanent 
Process/Emergency 

Flare 

Temporary 
Flare 

 
 

Using the observed temporary flare DRE of 99.9 percent, the independent analysis inferred that 

the permanent process flare’s DRE ranged from 38 to 66 percent throughout the measurement 

period.  If the temporary flare’s DRE were lowered slightly to 99.5 percent, the DRE of the 

permanent process/emergency flare would range from 44 to 79 percent.  In either case, the 

permanent process/emergency flare failed to achieve the expected DRE of 98 percent.   

 

Several factors could influence the observed low flare DRE, including flare waste gas 

composition, assist-to-waste gas ratios, and high crosswinds.  However, based on wind speed 

measurements, cross-wind effects did not likely contribute to the low DRE observations.  The 

refinery did not measure steam assist mass flow rates.  Additional measurement and evaluation 

were recommended to accurately assess potential reasons for the low DRE observations.   
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TCEQ Analysis  

It is important to note that both the temporary and permanent process/emergency flare both met 

the minimum heating value requirements specified in 40 Code of Federal Regulations (CFR) 

§60.18, and are both assumed to have met the exit velocity requirements based on the presence 

of a stable flame.  Given both flares’ compliance with operational requirements, the differences 

in flare DRE are notable.  Potentially, compliance with 40 CFR 60.18 does not automatically 

ensure that the expected flare DRE of 98 percent will be achieved. 

 

Analyzing the data presented in Table 2, two potential reasons for the permanent flare achieving 

a DRE below 98 percent can be inferred: 

• Waste gas composition: The temporary flare’s waste gas composition consisted primarily 

of hydrogen, methane, and hydrocarbons, compounds which are expected to combust 

readily.  The permanent process/emergency flare’s waste gas stream composition, 

however, contained significant inert compounds, primarily nitrogen (approximately 40 

percent).  Of note, the permanent flare had very little C3 plus hydrocarbon compounds 

present in its waste gas stream. 

• Flow rates: On average, the permanent flare had much lower waste gas flow rates, 

averaging less than 20 percent of the temporary flare’s waste gas flow rates. 

 

Flare assist rates, which were not directly measured and quantified by the refinery and therefore 

not available, may be another potential cause for the low DRE observations. 

 

Table 2: Average Flare Waste Stream Composition and Heating Value Analysis 

Parameter Temporary Flare 

Average 

Permanent 

Process/emergency flare 

Average 

Hydrogen content, weight percent 19.2 1.2 

Methane content, weight percent 15.2 47.6 

Nitrogen content, weight percent 2.9 39.4 

C3 plus hydrocarbons content, 

weight percent 

55.7 5.4 

Average waste gas flow rate range, 

scf/hour 

400,000 to 822,000 78,000 to 115,000 
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Parameter Temporary Flare Permanent 

Average Process/emergency flare 

Average 

Minimum to maximum waste gas 

flow rate range, scf/hour 

400,000 to 933,000 0 to 510,000 

Waste gas average heating value, 

British thermal units (BTU)/scf 

563 629.6 

Waste gas heating value range, 

BTU/scf 

437 to 668 423.2 to 837.5 

 

TCEQ analysis of the permanent flare’s implied DRE generally agrees with the independent 

contractor’s analysis.  Assigning an expected 98 percent DRE to the temporary flare would 

imply that the permanent flare’s DRE was also 98 percent for two out of the three measurement 

days (August 9 and 10); however, on August 11, the permanent flare’s implied DRE would drop 

to approximately 40 to 80 percent.  Based on available data, the permanent flare’s operational 

conditions did not vary significantly within the three day measurement period, and there would 

be no obvious explanation for such a reduction in DRE.   

 

Since the temporary flare’s DRE was observed to be 99.9 percent on August 11, and the 

temporary flare maintained a high waste gas flow rate composed of readily combusted 

compounds, a DRE of less than 99 percent is not probable.  However, since the permanent flare 

emissions were not isolated, this assertion cannot be confirmed.  Chart 1 presents the combined 

DRE of both flares plotted against the DIAL measurements for the entire measurement period. 
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Chart 1: DIAL Measurements and Monitored Flares August 9-11, 2007
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STORAGE TANK MEASUREMENTS 

NPL measured total VOC emissions from a wide variety of petroleum product storage tanks (37 

storage tanks) at the bulk terminal and the refinery. These storage tanks had different 

constructions (fixed roof, external floating roof, and internal floating roof tanks) and stored 

different petroleum products (naphtha, crude oil, fuel oil, diesel, and gasoline).   

 

Leak Surveys, Inc., performed ground-level HAWK camera surveys of tanks where 

measurements occurred over several days (crude oil, gasoline, and naphtha storage tanks).  These 

surveys, which are documented in Appendix C, identified several tank condition issues that 

could contribute to elevated emissions rates, as well as emissions from a naphtha storage tank 

that the bulk terminal was mixing.  EPA (AP-42) equations do not account for identified 

condition issues or emissions from mixing, blending, or similar agitation processes. 

 

DIAL measurements were conducted during both day and night in an effort to capture a full 

diurnal cycle of tank emissions. Storage tank emissions measurement results are summarized in 

Table 3 below.  Notably, night-time measurements of storage tanks, although lower than day-

time measurements, were “not [statistically] significantly different”, according to NPL.  
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Background (upwind) concentrations measured less than one lb/hr, except for gasoline tank 

measurements, where upwind concentrations from a ground flare were significant. 

 

Table 3: Summary of DIAL Storage Tank Measurements 

Product stored Tank 

type 

Location Measurement 

period(s) 

Average total VOC emissions fluxes 

per tank 

Naphtha External 

floating 

Bulk 

terminal 

three days, one 

night 

Day: non-detect to 5 lb/hr, ± 2.4 lb/hr 

Night: one lb/hr (detection limit) 

Naphtha Internal 

floating 

Bulk 

terminal 

three days, one 

night 

Day: 18-28 lbs/hr, ± 5 lb/hr 

Night: 14 lb/hr, ± 7 lb/hr 

Diesel Fixed roof Refinery one day, one 

night 

Day: detection limit to 7 lb/hr 

Night: 24 lb/hr, ± 8 lb/hr 

Crude oil (sour) External 

floating 

Refinery four days, one 

night 

Day: <2 to 39 lb/hr 

Night: 24 lb/hr 

Gasoline Internal 

floating 

Refinery one day, one 

night 

Day: 5 lb/hr 

Night: close to detection limit; wind 

direction not good for measurements 

Fuel oil no. 6 Heated 

fixed 

Refinery one night Night: 6 to 9 lb/hr 

 

Detailed Review: Independent Analysis of Storage Tank Measurements 

Rob Ferry of The TGB Partnership performed the storage tank measurement and process data 

analysis.  The majority of the DIAL measurement data collected is storage tank data, and the 

independent analysis of tank measurements and process data categorizes tank analysis by 

measurement location and wind direction as well as date. This report, presented in Appendix B, 

also presents a detailed analysis of the limitations of DIAL measurements.   

 

The analysis determines conventional emissions estimates by modifying the AP-42 equations, 

which were developed to estimate long-term emissions, as appropriate to estimate short-term 

emissions.  The report also provides a detailed commentary on parameters not typically 

accounted for in conventional emissions estimates, such as loss of light ends during fillings and 

the use of EPA TANKS default data.  For the emissions determinations presented in this report, 
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the analysis uses the best available, site-specific composition data for the petroleum products, 

instead of the default data typically used for petroleum products. 

 

The conventional emissions estimates generally compared well with DIAL measurements, 

except for the crude oil tank measurements.  The analysis suggests that either tank filling or an 

upwind source could be responsible for the higher than predicted emissions.  The report 

recommends targeted future studies to evaluate how light ends with flashing potential in crude 

oil, if present, or the filling process contribute to the observed emissions rates. 

 

TCEQ Analysis 
Analyzing the data presented in the independent report, three additional potential reasons for 

discrepancies between storage tank measurements and conventional emissions estimates can be 

inferred: 

• Default composition data: Conventional emissions estimates for petroleum storage tanks 

storing mixtures whose composition can vary considerably typically (crude oil, fuel oil, 

naphtha) deviated more from DIAL measurements than the gasoline storage tank 

estimates.  Gasoline is a more refined petroleum product with more stringent pipeline and 

regulatory specifications than the other petroleum mixtures, so variations in vapor 

pressure and composition would not be as large as such variations in less refined 

mixtures. 

• Tank condition issues:  HAWK passive infrared camera footage visualizes emissions 

from tank components not accounted for in conventional emissions estimates, such as 

damaged rim seals.  These components could have significant emissions, depending on 

the length of time that elapses before repair occurs. 

• Tank processes: Mixing, blending, and other processes are not accounted for in 

traditional emissions estimates, and could account for observed emissions rates higher 

than predicted emissions rates. 
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OTHER MEASURED SOURCES 

Wastewater Area 

DIAL measurements were conducted at the refinery’s wastewater treatment area, which included 

surge basins, effluent treatment facilities, and equalization external floating roof tanks; according 

to NPL, the majority of emissions from this area originated from the effluent treatment facilities.  

Measurements were also made downwind of the American Petroleum Institute (API) separator 

and at wastewater junction vent pipes located near the crude storage area.  Background (upwind) 

concentrations measured less than one lb/hr. Results are summarized in Table 4 below. 

 

Table 4: Summary of DIAL Wastewater Measurements 

Source Measurement 

period(s) 

Average total VOC emissions fluxes 

Wastewater 

treatment area 

one day 30 lb/hr 

 

API separator one day 7 lbs/hr 

Vent pipes one hour 9 lbs/hr 

 

Delayed Coking Unit 

DIAL measurements were conducted at the refinery’s delayed coking process area, which 

included: one active coker performing four product cuts operating on a 20-hour cycle, equipped 

with a vapor recovery unit; a coke yard; and conveyors.  Background (upwind) concentrations 

were notable and have not been subtracted from the average fluxes; these concentrations could 

originate from nearby process units and/or the coker vapor recovery unit.  Results are 

summarized in Table 5 below. 

 

Table 5: Summary of DIAL Delayed Coking VOC Measurements 

Source Measurement 

period(s) 

Average total VOC 

emissions fluxes 

Average upwind total VOC 

emissions fluxes 

Delayed Coking 

Process Area 

four days, one 

night 

Day: 10 to 32 lb/hr 

Night: 4 lb/hr 

Day: 2 to 8 lb/hr 

Night: non-detect 
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Delayed Coking Benzene Measurements 

Coke cutting occurred during the benzene measurement period. During the coke cutting, a small 

benzene emissions flux was observed.  DIAL benzene measurements ranged from 0.1 to 0.3 

parts per million (ppm); the system’s detection limit was 10 ppb.  Background (upwind) 

concentrations were negligible. Results are summarized in Table 6 below. 

 

Table 6: Summary of DIAL Delayed Coking Benzene Measurements 

Source Measurement 

period(s) 

Average benzene 

emissions fluxes 

Average background 

benzene emissions fluxes 

Coker one day 0.5 to 1 lb/hr 

(minimum: 0 lb/hr; 

maximum: 2.1 lb/hr) 

Negligible 

 

Aromatics Process Unit Benzene Measurements 

DIAL measurements of fugitive benzene emissions were conducted in an aromatics process unit 

at the refinery.  For one measurement day, the EPA measured a parallel path using open-path 

ultraviolet differential optical absorption spectrometry (UV-DOAS).  For safety concerns, the 

path EPA measured was not the same path measured by the DIAL, but was as close as 

logistically possible.  DIAL benzene measurements ranged from 0.3 to 26.3 parts per billion 

(ppb); the system’s benzene lower detection limit is 10 ppb.  Therefore, emissions fluxes are not 

summarized below.  EPA benzene emissions measurements were similar to those obtained by the 

DIAL system, and ranged from 4.9 to 12.7 ppb. 

 

DIAL Validation Emissions 

In addition to the benzene emissions flux verification using UV-DOAS technology above, DIAL 

measurement validation was performed by comparing sulfur dioxide measurements to 

continuous emissions monitoring data, and by comparing DIAL measurements of standards 

whose concentrations were unknown to NPL to certified values. 

 

Sulfur Recovery Unit 

DIAL measurements of sulfur dioxide emissions from the sulfur recovery unit wet scrubber at 

the refinery were compared to the unit’s CEMS data.  CEM concentrations of all sulfur oxides 
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ranged from 0.59 to 12 ppm; DIAL measurements were close to the detection limit, and ranged 

from 0.001 to 0.005 ppm. 

 

Gas Cell Measurements 

During periods of inclement weather, the DIAL system measured standards of concentrations 

unknown to NPL; measured compounds included benzene, pentane, and propane. The certified 

standard concentration generally fell within the standard deviations of the DIAL measurements, 

as presented in Table 7 below. 

 

Table 7: Summary of DIAL Gas Cell Validation Measurements 

Cell length Standard Measured 

concentration 

Actual 

concentration 

10 centimeters (cm) Propane 8180 ± 530 8413 

10 cm Pentane 7100 ± 700 7500 

10 cm Pentane 8200 ± 1200 7500 

10 cm Pentane 7600 ± 100 7500 

20 cm Benzene 900 ± 70 1000 
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RECOMMENDATIONS AND CONCLUSIONS 

 

FLARES 

It is important to note that both the temporary and permanent process/emergency flare both met 

the minimum heating value requirements specified in 40 CFR §60.18, and are both assumed to 

have met the exit velocity requirements based on the presence of a stable flame.  Given both 

flares’ compliance with operational requirements, the differences in flare DRE are notable.  

Potentially, compliance with 40 CFR 60.18 does not automatically ensure that the expected flare 

DRE of 98 percent will be achieved. 

 

Potential reasons for observed flare VOC DRE below 98 percent include operational parameters 

such as low waste gas flow rates, waste gas streams with significant inert gas composition, and 

potentially large assist-to-waste gas ratios.  Current federal regulations in 40 CFR §60.18 and 

§63.11 do not address the above operating parameters.   

 

Additional measurement and evaluation is warranted to accurately assess potential reasons for 

the low DRE observations.  The TCEQ is planning to conduct a flare research study in 2010 that 

will assess the impact of various operational conditions on flare combustion efficiency and DRE 

in a controlled testing environment.  Direct measurement techniques and remote sensing 

measurement techniques will be used to quantify flare emissions under varying waste gas flow 

rates and composition as well as varying assist-to-hydrocarbon ratios. 

 

STORAGE TANKS 

Reliance on EPA default data to determine emissions for complex liquid mixtures such as crude 

oil and mid-refined petroleum products could potentially lead to under-estimation of emissions.  

These complex liquid mixtures can have large variations in vapor pressure and composition, and 

if entrained light ends exist in the mixtures, have the potential to weather.  Default data therefore 

may not accurately represent the true composition and physical properties of these products.   

 

Tank condition issues and unique tank processes such as mixing may also contribute to under-

estimating emissions.  Future targeted studies are recommended to further investigate each of 

these potential areas of uncertainty as budget and time allow. 
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APPENDIX A: NPL FINAL REPORT AND ADDENDUM 
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Figure 3.5 Wind rose diagram – top mast – 20 & 21 July 2007
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Figure 3.6 Wind rose diagram – top mast – 28 July 2007 
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Figure 3.7 Wind rose diagram – top mast – 29 July 2007
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Figure 3.8 Wind rose diagram – top mast – 30 July 2007
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Figure 3.9 Wind rose diagram – top mast – 31 July 2007
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Figure 3.10 Wind rose diagram – top mast – 1 August 2007
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Figure 3.11 Wind rose diagram – top mast – 2 August 2007 
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Figure 3.12 Wind rose diagram – top mast – 3 August 2007 
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Figure 3.13 Wind rose diagram – top mast – 5 & 6 August 2007 
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Figure 3.14 Wind rose diagram – top mast – 6 & 7 August 2007 
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Figure 3.15 Wind rose diagram – top mast – 7 & 8 August 2007 
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Figure 3.16 Wind rose diagram – top mast – 9 August 2007 
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Figure 3.17 Wind rose diagram – top mast – 10 August 2007 
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Figure 3.18 Wind rose diagram – top mast – 11 August 2007 
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Figure 3.19 Wind rose diagram – top mast – 14 August 2007 
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Figure 3.20 Wind rose diagram – top mast – 17 August 2007 
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Figure 3.21 Wind rose diagram – top mast – 18 August 2007 
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