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Overview 

• Briefly review emissions calculations for 
separators  

• Focus on emissions calculations for storage 
tanks, specifically use of Exploration and 
Production (E&P) TANK 

• Use of sampling data  
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Analyzing Data and Determining 
Emissions: Separators 

• Generally operate above ambient 
pressure 

• May be uncontrolled, typically in oil 
field 

• Flash emissions are a concern if 
uncontrolled 

• Emissions determined using: 
• Process simulator 
• Measurement data (will be discussed 

in storage tanks portion of 
presentation) 
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Analyzing Data and Determining 
Emissions: Separators (cont.) 

• Even if separator is controlled, last stage 
separator will have direct impact on storage tank 
emissions. 

• Determine whether last stage separator is two-
phase or three-phase. 
 • Obtain actual 
separator pressure 
and temperature to 
use for calculation 
inputs.  
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Analyzing Data and Determining 
Emissions: Separators (cont.) 

For process simulator, inputs may include:  
• Operating temperatures and pressures of the various process 

vessels at the facility 
• Composition of the inlet gas  
• Gas flow rate off the inlet separator 
• Composition of the final stabilized  

     oil/condensate product from the  
     stock tanks 

• Oil and water production rates to the stock tanks 
• API gravity of liquid(s) 
• Molecular weights of liquid and/or gas streams 
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Analyzing Data and Determining 
Emissions: Storage Tanks 

• Three routine emissions modes:  flash, working, 
breathing 

• Flash emissions are generally largest emissions 
• Emissions determined using: 

• Direct measurement  
• Process simulator models** 
• E&P TANK program 
• Vasquez-Beggs or Rollins, McCain, and Creeger correlations, 

or software that uses these correlation equations (such as 
GRI-HAPCalc)** 

• Gas/oil ratio (GOR) method**  
• AP-42 Chapter 7 equations (e.g., TANK ESP, TANKS 4.09d)* 

*=method estimates working and breathing loss emissions only 
**= method estimates flash emissions only 
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Not allowed for emissions inventory 

Not allowed for emissions inventory 

Sampling timing and duration are critical. 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 

Direct measurement 
• Two tests: one for flow rate, one for volatile organic 

compounds (VOC) concentration and speciation 
• Should measure flash, working, and breathing 

losses 
• Review test report critically 

• Ensure test period was at least 24 hours to capture full 
breathing loss cycle. 

• Review liquid levels pre- and post-test.  If unchanged, then 
separator did not dump to tank and the test cannot be used 
to calculate flash and working loss emissions. 

• Will produce pound/hour or pound (lb)/barrel test result. 
• Pound per barrel is preferred since VOC emissions will 

increase with increased production. 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 

• Example direct measurement 
calculations: use dimensional analysis to 
determine emissions. 
  12 lb  VOC    X   28,000 barrel   X     ton     

                barrel                 year                2000 lb  

• As long as liquid is present in the tank, 
emissions will be generated.  

• If production ceased during the year, but 
the tank was not emptied, emissions will 
still need to be estimated. 
 

= 168 tons VOC per year 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 
E&P TANK 

• Determines flash, working, and breathing losses 
• Models separator liquid transfer to tank to calculate 

flash emissions 
• Requires gas and/or liquid sample analysis(es) 

along with operational data to run model 
• Calculates working and breathing losses using 

either: 
• AP-42, Chapter 7 equations  

• Requires site-specific tank data inputs, typically more accurate 
• RVP option 

• Simulates a distillation column to arrive at sales ‘oil’ RVP 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 

• Emissions driven by: 
•  Stream composition 
•  Separator pressure 
•  Sales oil RVP 

• First we’ll discuss stream composition requirements, 
which depend upon sampling and related analysis. 

• Obtaining an accurate gas or liquid sample analysis 
is critical: sample must be collected, stored, and 
analyzed properly. 

• Samples are often collected for business purposes, 
but can be used for regulatory purposes if performed 
properly. 
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Analyzing Data and Determining 
Emissions: Liquid or Gas Analyses 

Regulatory and other goals of sampling: 
• Determine amount of gas that will be flashed at 

the storage tank or potentially, the separator 
• Can be used to determine GOR which can be 

used to calculate emissions 
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Analyzing Data and Determining 
Emissions: Liquid or Gas Analyses 

Regulatory and other goals of sampling, 
cont.: 

• Determine VOC, acid gas, and hazardous air 
pollutants (HAP) or toxics composition data for 
gas and/or liquid phase 

• Sales gas must meet pipeline specifications for 
transmission. 
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Analyzing Data and Determining 
Emissions: Liquid or Gas Analyses  

• Gas composition analyses: 
Almost all oil/gas process units require extended 
gas analysis to determine emissions accurately 

HAPs present in trace amounts will not be detected in 
sales gas analysis. 



Upstream Oil and Gas Emissions 
Calculations: Storage Tanks Page 16 

Analyzing Data and Determining 
Emissions: Liquid or Gas Analyses  
• Gas composition analysis methods: 

• GPA Standard 2261: Analysis of Natural Gas 
and Similar Gaseous Mixtures 

Does not provide extended analysis required to obtain 
HAP speciation. 

• GPA Standard 2286: Analysis of Natural Gas 
and Similar Gaseous Mixtures by Temperature 
Programmed Gas Chromatography 

Extended gas analysis, but does not provide nitrogen or 
carbon dioxide analysis. 
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Analyzing Data and Determining 
Emissions: Sample Analysis 

Sampling analysis report: critical review  
• Provide actual sample report, not Excel spreadsheet  
• Review sample lab analysis: 

• Does the report state sample type (liquid, gas, mixture, 
etc.)? 

• Was the sample taken at that site? 
• If not, does it qualify as a representative sample? 
• Representative sample requirements: 

• Was the sample taken from the same geological formation 
or reservoir? 

• Is the sample processed and treated in the same manner at 
the sites in questions? 

• Is the API gravity within three degrees of the actual 
material? 

 
 



Upstream Oil and Gas Emissions 
Calculations: Storage Tanks Page 18 

Analyzing Data and Determining 
Emissions: Sample Analysis 

Sampling analysis report: critical review (cont.) 
• Does the report state where at the site the sample 

was taken?  
Important: samples may be required from different 
locations to accurately determine emissions for different 
process units. 

• Was the initial opening pressure of the sample at the 
lab reported? 

• If so, it should be at or above separator pressure.  
• If not, leaks have occurred. 
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Analyzing Data and Determining 
Emissions: Sample Analysis  

Sampling analysis report: critical review 
(cont.):  

• Does the report state separator pressure and 
temperature?   

 If so, does it match operating conditions? 
• Labs often perform quality control checks using a 

bubble point pressure test at the separator 
temperature.  

The bubble point pressure should be comparable with the test 
separator pressure (within 30 pounds per square inch [psi] absolute). 
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• Gas sample rules of thumb: 
• Low pressure separator gas is not  

representative of sales gas. 
• The VOC content of sales gas should be 

 ~5 to 25 weight percent. 

Analyzing Data and Determining 
Emissions: Sample Analysis (cont.) 



Upstream Oil and Gas Emissions 
Calculations: Storage Tanks Page 21 

• Liquid sample rules of thumb: 
• The closer to the first stage separator, the lighter it 

should be. 
• A higher RVP means a  

higher concentration of  
lighter hydrocarbons. 

• Separator samples should be  
near the bubble point. 

• Next slides show an example of an extended 
sample analysis. 

Analyzing Data and Determining 
Emissions: Sample Analysis (cont.) 
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Analyzing Data and Determining 
Emissions: Storage Tanks 

E&P TANK 
• Next driver: separator pressure 

• The higher the separator pressure, the larger the 
pressure drop the separator liquid experiences when 
reaching the storage tank. This increases the potential 
for significant VOC emissions. 

• Final driver: sales ‘oil’ RVP 
• The higher the RVP of the final liquid, the more volatile 

it is, and the higher the VOC emissions. 
• RVP – 2 to 12 (higher RVP for shale wells, typically) 
• API Gravity – 25 to 75 (higher API for shale wells, typically) 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 
E&P TANK data inputs: 

• Separator: pressure, temperature 
• Known separator stream composition data.  

Options are listed in order of preference 
(details to follow): 

• Low pressure oil 
• High pressure oil 
• Low pressure gas 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 
E&P TANK data inputs: 

• Storage tank data only if AP-42 method is 
chosen for working and breathing losses 

• If RVP distillation method is chosen, tank data cannot 
be entered.  

• If AP-42 is chosen, ensure the tank location did not 
default to Homer, Alaska.  
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 

E&P TANK data inputs: 
• Sales oil data:  

• production rate,  
• days of operation,  
• API gravity,  
• composition data,  
• RVP, and  
• bulk liquid temperature.  
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 
Ensure the actual sample analysis location 
matches the E&P TANK reported location: 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 
Which separator stream option in E&P 
TANK should be used? 

• Most preferred option is low pressure oil 
stream 

• Model is dealing with known data, not trying to 
predict stream composition after flash occurs at 
separator 
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Analyzing Data and Determining 
Emissions: Storage Tanks (cont.) 

Which separator stream option in E&P TANK 
should be used? 

• Least preferred option for sweet gas sites is low 
pressure gas 

• Limited data on liquid inputted into the model, complicating 
emissions calculations 

• May be useful for sour gas sites, since hydrogen sulfide is 
more easily measured in the gas phase 

• Requires additional analyses to run model: 
• GOR analysis 
• Liquid sample analysis to obtain API gravity, RVP, and composition 

data for C7 to C10+ hydrocarbons 
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Analyzing Data and Determining 
Emissions: Storage Tanks 

Let’s analyze case study site values 
• Start with gas analysis 
• Move to E&P TANK report 
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Gas Analysis  
High CO2 volume % 
indicates this sample is 
possibly untreated separator 
gas stream 

These values appear 
rounded (potentially by 
Excel). Duplication of 0.001 
values appears unusual. 
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E&P TANK Report 

These are all default values in 
E&P TANK, not site-specific 
values.  Emissions inventory 
(EI)  requires site-specific 
values. 

Where did these values 
originate? Need to provide 
sample analysis. 

These are all default values in 
E&P TANK, not site-specific 
values.  EI requires a liquid 
sample analysis. 
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E&P TANK Report 
These are all default values 
in E&P TANK (except for the 
production data), not site-
specific values.  Reported 
emissions are potentially 
inaccurate. 



Upstream Oil and Gas Emissions 
Calculations: Storage Tanks Page 35 

Questions? 

Danielle Nesvacil 
(512) 239-2102 

danielle.nesvacil@tceq.texas.gov 
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