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ABSTRACT 
 
John Beath Environmental, LLC, an environmental consulting company with significant experience in 
compliance programs associated with controlling air emissions from petroleum storage tanks, conducted 
a technical review of representations made by Alyeska Pipeline Services Company (Alyeska) in its public 
correspondence with the United States Environmental Protection Agency (EPA) related to the 2020 
finalized amendments to Title 40 to the Code of Federal Regulations (CFR), Part 63, Subpart EEEE - 
National Emission Standards for Hazardous Air Pollutants: Organic Liquids Distribution (Non-Gasoline) 
(also referred to as the OLD MACT). Alyeska’s position is that the updates to the OLD MACT would 
negatively impact operations at its Valdez Marine Terminal (VMT) - resulting in an inappropriate capital 
expenditure; and that existing operations without these changes pose an acceptable risk to the health of 
the potentially impacted population living in the vicinity of the terminal. 

Overall, the review concluded that existing controls are sufficiently protective for potentially impacted 
residents nearby, and as such, the change to alternative tank controls potentially required by the changes 
to the EPA regulation would be less protective (resulting in more emission), and also would be 
unacceptable in the cost required to implement it. 
 
The review was conducted by developing an independent air emissions inventory for the terminal to 
assess the emissions of volatile organic compounds (including that subset of the emissions that have been 
designated by EPA as hazardous air pollutants) from operations as they are today (without additional 
controls); and also the emissions that would be estimated if the controls required by the new regulatory 
provisions were to be implemented. That review concluded that the conversion of the existing 
configuration (fixed roof crude oil storage tanks routing to vapor collection during normal operations and 
safety pressure relief venting to atmosphere) to a configuration where the tanks were retrofitted with 
internal floating roof tanks and no vapor collection would actually increase emissions. 
 
To further assess the impacts from current operations, the review also used emissions estimates for all 
the site activities quantified in the facilities emissions inventory and associated air permitting to conduct a 
health effects screening analysis by using dispersion modeling tools and leveraging related EPA health 
effects work related to storage tank emissions elsewhere. Results of that comparison to screening 
thresholds supported a judgement that emissions from the VMT’s current configuration result in 
acceptable concentration levels in areas where nearby residents live. 
 
Finally, to assess whether the current regulatory provisions applicable to site operations reflected the 
best practices specified across the oil and gas sector, a review was conducted of work practices related to 
tank operations that are under active discussion between Alyeska and EPA. These provisions are similar to 
those recently imposed by EPA for various other industry sectors (e.g., refineries and ethylene plants). 
That review concurred with EPA that it would be appropriate to add work practices that describe required 
vapor control during tank degassing and cleaning.
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EXECUTIVE SUMMARY 

 
At the request of the Prince William Sound Regional Citizens’ Advisory Council (PWSRCAC), this report 
was developed by John Beath Environmental, LLC (JBE), with the objective to independently and fairly 
verify Alyeska Pipeline Service Company’s (Alyeska) claims related to health and safety, technical 
feasibility, and economic feasibility presented in its public correspondence with the United States 
Environmental Protection Agency (EPA) related to the 2020 finalized amendments to Title 40 to the Code 
of Federal Regulations (CFR), Part 63, Subpart EEEE - National Emission Standards for Hazardous Air 
Pollutants: Organic Liquids Distribution (Non-Gasoline).  

40 CFR 63, Subpart EEEE, also referred to as the OLD MACT, establishes national emission limitations, 
operating limits, and work practice standards for organic hazardous air pollutants (OHAPs) emitted from 
non-gasoline organic liquids distribution operations at major sources of hazardous air pollutant (HAP) 
emissions.  

EPA has required various forms of air emissions control for sources of higher vapor pressure volatile 
organic compounds (VOCs) from oil-related substances for decades. These controls have been in two 
basic forms: (1) vapor recovery; and (2) vapor suppression. Vapor suppression techniques for storage 
tanks have always included two forms of floating roof covers: one that is referred to as external because 
emissions that pass through it go directly to the atmosphere; and a second variant approach that adds a 
fixed roof cover to the tank above the internal floating roof. 

For low vapor pressure organic liquids (such as diesel, fuel oil, and kerosene) industry practice has been 
to provide a fixed-roof tank where breathing losses are controlled using a pressure relief vent (called a 
conservation vent) that is designed to open if the tank pressure rises a small amount - to avoid potentially 
damaging a tank not designed to be a pressure vessel. If a higher vapor pressure material must be stored 
in that tank, a common solution to control the vapors has been to add a vapor collection system and then 
to treat or combust the collected vapors in a separate vapor handling system. 

In order to store crude oil, Alyeska’s Valdez Marine Terminal (VMT) has added a complex version of vapor 
control. The system collects vapors from tank overpressure directly and also collects vapors where tank 
pressure is falling; the system is supplemented with a source of “blanket” gas to offset vapors leaving the 
tank. This blanketing operation is necessary to avoid the possibility of damaging the tank (via a cave-in) 
due to vacuum forces during pressure loss. But because it is possible for the under-pressure and over-
pressure vapor collection systems to react too slowly or ineffectively for short periods of time, the 
conservation vents are capable of releasing overpressure to the atmosphere as an additional safety layer 
of protection. Figure ES-1 depicts one of the 14 crude oil storage tanks at the VMT.  

The need to control VOCs results from a combination of concerns for the environment and nearby 
potential receptors (those who could be impacted by the emission). Emissions of VOCs contribute to the 
formation of ozone that can produce general health effects. But more significant in the potential risk is 
exposure to specific HAPs that are part of the emitted VOC mixture that can produce toxic effects. In 
formulating the Subpart EEEE regulation, EPA chose to target a small subset of HAPs referred to as OHAPs 
that are known to be present in certain organic liquid petroleum products such as crude oil. 
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The March 12, 2020, finalized amendments included the following key changes: 

 Clarification that the rule standards are applicable during periods of startup, shutdown, and 
malfunction; 
  

 Requirement to electronically report performance test results;  
 

 Addition of new operational requirements for flares used as control devices;  
 

 Addition of new provisions for bypass authorizations; 
 

 Removal of an exemption for pressure relief devices; and 
 

 Adoption of a work practice standard for tank degassing. 

 
Alyeska is challenging three parts of the rule that apply to operations at the VMT as summarized in Figure 
ES-2.  
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Figure ES-1. Crude Oil Storage Tank at the Valdez Marine Terminal 
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Figure ES-2. Summary of Challenges by Alyeska to EPA Pertaining to the 2020 Updates to the OLD MACT 
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The main objectives of this project are twofold. First, this report seeks to document and, where possible, 
validate each of Alyeska’s claims related to health and safety, technical feasibility, and economic 
feasibility presented in its public correspondence with EPA related to the 2020 updates to the OLD MACT. 
Second, the report seeks to document how the implementation of the 2020 OLD MACT would influence 
the emittance of HAPs from the VMT. Each step within this process is outlined below with a summary of 
results and key findings.  
 
 
Independent Evaluation of HAP Air Releases from the VMT 
 
 
In order to confirm that overall impacts from site operations were acceptable, JBE elected to 
independently quantify HAP emissions based on the current VMT configuration. Calculated sources from 
the VMT include the following: 
 

 Crude oil storage tanks routed to vapor recovery system  
 Crude oil storage tank conservation vents, venting to atmosphere 
 Power boilers  
 Waste gas combustors  
 Stationary reciprocating internal combustion engines  
 Tank Bottoms Processing (TBP) system 
 Marine loading 
 Fugitives from equipment leaks 

 
 
 
Table ES-1 provides an emissions comparison of the JBE calculated HAP estimate for the sources noted 
above and those sources as represented in VMT’s 2016 Title V Air Permit Renewal Application. Table ES-2 
provides a further breakdown of emissions from the crude oil storage tanks. 
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Table ES-1. HAP Emissions Summary for Permitted Sources at VMT 
 

Emission Source HAP Emissions, 
VMT 2016 Permit 

Application1 

HAP Emissions 
JBE Calculation 

Notes 

  (tpy) (tpy)   
Boilers/Waste Gas 
Combustors 1-6 

5.9 3.1 
During normal operations, the crude oil 
storage tanks route here 

Generators/Engines 
8A-15 0.0 0.0 Negligible 

Loading 10.9 12.2 Uncontrolled maintenance allowance 

Fugitives 0.4 0.1   

Tank Bottoms 
Processing System 

0.5 0.3   

Tank Conservation 
Vents n/a 0.1 

  

Total 17.7 15.8   

 
 
ES-2. VOC and HAP Emissions from Crude Oil, Fixed Roof Storage Tanks 
 

Fixed Roof Crude Oil Storage Tanks, Pressure Rise Method Vent Calculation Method 2  

Parameter JBE Calculation Alyeska Claim in Motion to Stay 

VOC Annual 
Emissions 

HAP Annual 
Emissions 

VOC Annual 
Emissions 

HAP Annual 
Emissions 

(tpy) (tpy) (tpy) (tpy) 
Emissions from Tanks at Vapor 
Recovery  

31.24 0.46 n/a n/a 

Emissions from Conservation 
Venting to Atmosphere  

5.74 0.09 49.32 1.97 

Emissions Total:  36.98 0.55 49.32 1.97 

 
 
Key Takeaways on “As Configured” Emission of HAP 
 

 Alyeska representations are appropriate and conservative in the representation of HAP emissions 
from the VMT. 
 

 Based on JBE’s emission calculations, HAPs emitted from the conservation vents are 
approximately 0.1 tons per year (tpy) and in a typical year likely less than what was represented 
by Alyeska in the Petition for Rulemaking, Reconsideration, and Stay. 
 

 Alyeska and JBE’s estimation of HAPs varies due to the difference in crude speciation and in the 
method used to calculate emissions from storage tanks. 

 
1 Title V Air Permit Renewal Application dated July 14, 2016, Permit Number AQ0082TVP02. 
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Health Risk Evaluation 
 
 
To evaluate the health risks to residents of Valdez, Alaska, and surrounding communities posed by 
uncontrolled releases of HAPs from the conservation vents and the other residual sources of emissions at 
the VMT, the site-wide emission totals by HAP of concern (i.e., benzene, n-hexane) were used as a data 
input to EPA’s SCREEN3. SCREEN3 is a simplified air emissions dispersion model developed to estimate 
the airborne concentrations of specified chemical constituents at user-specified distances downwind of 
the point of origin of emissions sources. Complex air dispersion models that provide more accurate 
estimates have been developed for this purpose, but these require a significant amount of site-specific 
data to be collected. Complex terrain that includes buildings, hills, etc., can make predicting the 
downwind dispersion pattern more complicated and lead to the need for a more complex model; but in 
this case, the downwind pathway is over water, so this capability is less important. The simpler (and 
conservative) models like EPA SCREEN3 utilize a simple dispersion pattern that spreads out uniformly with 
distance called a Gaussian plume model. This approach is more conservative (and therefore predicts 
higher concentrations) because it gives only very limited decreases in concentration for terrain deflection. 
SCREEN3 uses preset meteorological data and site emission rates to predict worst-case concentrations at 
specified points downwind.  
 
A screening modeling approach that demonstrates acceptable impacts can be the end of analysis; but if 
the screening thresholds are exceeded using the screen model, it is common practice to follow-up with a 
more complex model to refine the results. As described below, the use of a complex model was not 
deemed necessary in this situation.  
 
JBE elected to evaluate benzene concentrations because the limits for benzene are the most stringent of 
all the HAPs of interest at VMT. Two cases for benzene were run: (1) a sitewide benzene evaluation; and 
(2) tank conservation vents alone as a way to evaluate the conservation vent emission contribution as 
part of the total sitewide emissions. SCREEN3 output results as well as short and long-term Effects 
Screening Level (ESL) benchmark values are provided in Table ES-3.  
 
The maximum 1-hour concentration of 6.8 microgram per cubic meter (µg/m3) occurs at approximately 
1,304 meters (m) from VMT’s property line; with a dominant wind direction coming from the south, this 
places the maximum concentration over the water. At 5,000 m, which is the approximate shoreline of the 
city of Valdez, the benzene concentration is well below both the short-term and long-term ESL value of 
4.5 µg/m3 and 170 µg/m3, respectively.2 
 

 
2 ESL values based on those established by The Texas Commission on Environmental Quality (TCEQ) Toxicology 
Division (TD). 
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ES-3. SCREEN3 Output Results for Benzene Emitted from VMT 
 

Parameter Sitewide Benzene Benzene from Tank 
Conservation Vents 

Only 

Units 

Distance for maximum 1 hr Concentration 1304 709 m 

Maximum 1 hr Concentration 6.8 0.03 µg/m3 

Concentration at 1000 m 6.5 0.03 µg/m3 

Concentration at 5000 m 1.8 0.02 µg/m3 

Concentration at 10000 m 1.2 0.01 µg/m3 

Benchmark Values:       

Short-Term ESL Health, Benzene 170 µg/m3 

Long-Term ESL Health, Benzene 4.5 µg/m3 

 
As a second health effects evaluation methodology, JBE sought to use modeling performed by others. 
Since no modeling by Alyeska was made available, non-site-specific EPA modeling efforts were considered 
to see if they could be adapted. EPA performed dispersion modeling for emissions from terminals 
potentially impacted by the OLD MACT, but VMT was not modeled because there were no values in the 
2004 National Emissions Inventory (NEI) source data for it. As a suitable benchmark, the emission 
modeling performed for the refinery sector rule for crude oil storage tanks was consulted. In 2015, EPA 
released its complex hazard evaluation and established “allowable” emissions for specific HAPs emitted 
from crude oil storage tanks at refineries based on its average refinery case. This analysis was performed 
on storage tanks specifically and it coupled tank throughput with HAPs weight percent in crude oil to 
estimate emissions of HAPs. 
 
JBE used its tank emissions data and these factors to form a comparison between actual estimated VMT 
crude oil tank emissions and the “allowable levels.” Two sets of calculations were performed for benzene 
and hexane, one using the HAPs weight percentages from the assay JBE obtained for this review and 
another using the crude oil HAPs weight percentages EPA developed for its average crude oil. This second 
calculation was performed as a sensitivity case because it had higher weight percentages than the assay 
value. 
 
Both the benzene and hexane analyses had estimated emissions well below the “allowable” level. These 
results, taken with the SCREEN3 dispersion modeling, support the position that a further reduction in 
HAPs emissions via additional control is not necessary for the VMT. 
 
 
Alternative Design Assessment 
 
Each critical claim related to safety, environmental, engineering, and economic considerations presented 
by Alyeska in reference to reconfiguring the existing crude oil tank farm to comply with the 2020 OLD 
MACT were evaluated. The claims related to control of the storage tank emissions are provided in Section 
4 of the report. 
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The current configuration for controls used to limit emissions from the storage tanks at the terminal 
consists of a vapor collection system designed to collect vapors resulting from tank blanketing and 
operational pressure rise (e.g., as a result of vapor displacement or temperature rise) and route them to 
treatment or combustion equipment. This system also includes a set of conservation vents for each tank 
sized to prevent overpressure or vacuum inside the tank in the event of a failure by the vapor collection 
system to keep pressure in balance. For safety reasons, these safety vents relieve excess pressure (and 
associated vapors) to the atmosphere. Changes to the OLD MACT standards would require additional 
control of these conservation vent vapors or the replacement of the vapor collection system with another 
control method. Other allowed control methods would be the use of an external floating roof or the use 
of that floating roof inside a tank with a fixed cover (e.g., as the tanks are configured now).  
 
Overall, each claim related to safety, environmental, and engineering were completely validated or 
partially validated by JBE’s independent analysis.  
 
Comparative Analysis Evaluating VMT HAP Emissions “As Configured” versus 2020 OLD MACT 
Implementation 
 
HAP emissions from the crude oil, fixed roof storage tanks controlled by vapor recovery were calculated, 
inclusive of emissions from the tank conservation vents, venting to atmosphere. This calculation 
represents the VMT “as configured.”  
 
Next, HAP emissions from the crude oil storage tanks were calculated with the scenario that the tanks 
were converted from fixed roof to internal floating roof where no conservation venting occurs. This 
scenario represents VMT compliance with the 2020 OLD MACT standards.  
 
Using vent calculation method, modeled as an uncontrolled storage tank, the VMT “as configured” emits 
36% less HAPs than if the tank farm were retrofitted with internal floating roof tanks. Thus, the VMT “as 
configured” achieves greater HAP reduction than if it were reconfigured to comply with the March 12, 
2020, finalized version of the 2020 OLD MACT.  
 
 
Title V Air Permit Review 
 
VMT’s Title V Air Permit was reviewed to evaluate the level of regulatory obligation to manage releases of 
HAPs from the conservation vents, controls during planned maintenance, and work practices for 
emptying and degassing storage tanks. Based on a review of the current Title V and process knowledge, 
the VMT has strong work practice standards and operational restrictions in place to limit HAP emissions 
and ensure the environmental safety of plant personnel and the surrounding communities, such as 
Valdez, from the site. 
 
To further enhance the control of HAPs from the VMT, the additional practices outlined below could be 
considered, noting the extent to which these practices are already in place (though not required by the 
Title V) is not known by JBE. 
 
Consideration of additional practices: 
 

 Root cause and corrective action analyses after release events to atmosphere 
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 Use of redundant prevention measures to minimize venting to atmosphere 

 
 Election to vent to atmosphere only during a predetermined set of hours, on an annual basis  

 
 Establish and permit elective work practice standards pertaining to the emptying and degassing 

of storage tanks 
 

 Strongly consider routing to a control device or fuel gas system during degassing 
 
The work practice standards proposed by Alyeska to EPA as an alternative compliance measure under the 
2020 OLD MACT should incorporate the recommendations above in order to align VMT practices with 
industry best practices.  
 
Considerations for Future Research 
 
The Title V Air Permit calculation for the uncontrolled tanker loading maintenance allowance is of note. 
The calculation is provided in the 2016 Title V Air Permit Renewal Application and shows the PTE of 388 
tpy VOC and 10.9 tpy HAPs. It is unclear the number of maintenance events per year and the duration of 
each event. Without this additional information, the short-term emission of HAPs resulting from these 
activities is unknown. As the emission of HAPs is elevated during this scenario, future research into the 
hourly emission rate of HAPs and the corresponding emissions-related impacts on the Valdez community 
during maintenance could be warranted.  
 
Conclusions 
 
Based on a comprehensive review of each principal claim presented in Alyeska’s public correspondence 
with EPA related to the 2020 updates to the OLD MACT, the findings of JBE’s analysis conclude that 
Alyeska presented information in a conservative and appropriate manner. Alyeska’s actions to negotiate 
reasonable and practical work practice standards pertaining to conservation venting and tank degassing, 
based on their representations are, therefore, considered well-founded. JBE’s review sought to 
determine if operations at the VMT “as configured” pose an acceptable health effects impact risk to the 
community of Valdez compared to compliance with the 2020 updated OLD MACT as written as of March 
12, 2020. This conclusion was based on the application of two independent screening evaluation 
methods. 
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1.0 INTRODUCTION 
 

On July 7, 2020, the United States Environmental Protection Agency (EPA) finalized modifications to its 
direct final rule that was originally issued on April 23, 2008, and subsequently withdrawn on July 17, 
2008. (Title 40 to the Code of Federal Regulations (CFR), Part 63, Subpart EEEE - National Emission 
Standards for Hazardous Air Pollutants: Organic Liquids Distribution (Non-Gasoline).3 The finalized 
revisions affect the current air toxics Organic Liquids Distribution (OLD) standards that are in place for 
hazardous air pollutants (HAPs) emitted by the storage and transfer of crude oil at the Alyeska Pipeline 
Service Company’s (Alyeska) Valdez Marine Terminal (VMT). Based on the rule’s modification to the 
safety device exemption, bypass provision, and work practice standards associated with tank degassing, 
Alyeska has objected to the rulemaking, arguing provisions of the rule would adversely affect the 
operation and maintenance of their facility and would not significantly improve local air quality. Alyeska 
challenged EPA’s rulemaking in a September 3, 2020, Petition for Rulemaking, Reconsideration, and Stay 
to the 2020 finalized amendments to 40 CFR 63, Subpart EEEE.4 Subsequently, Alyeska filed a series of 
appeals with the United States Court of Appeals in effort to stay certain provisions of the 2020 updated 
rule.5 As of the date of this review document, Alyeska is in negotiations with EPA regarding alternative 
compliance measures.  

This report was developed by John Beath Environmental, LLC (JBE), with the objective to independently 
and fairly verify Alyeska’s claims related to health and safety, technical feasibility, and economic feasibility 
presented in its correspondence with EPA, including the September 2020 Petition for Rulemaking, 
Reconsideration, and Stay to the 2020 finalized amendments to 40 CFR 63, Subpart EEEE. The full 
rulemaking history is addressed in Sections 1.1 and 1.2.2 to this report. 

 
1.1 Regulatory Background 

 

The Clean Air Act (CAA), which was signed by President Nixon in 1970, established comprehensive federal 
law that regulates air emissions from stationary and mobile sources operating in the United States. The 
CAA was the first law of its kind to authorize the EPA to prescribe what are now known as national 
ambient air quality standards (NAAQS) to protect public health and to regulate emissions of criteria 
pollutants and HAPs; to use a state implementation plan (SIP) mechanism to implement the NAAQS; and 
to establish federal emission standards for emissions from selected classes of sources that are major 
contributors to air pollution.  

From 1970 to 1990 several critical amendments were made to Sections 111 and 112 of the CAA which 
dictate New Source Performance Standards (NSPS) and National Emissions Standards for Hazardous Air 
Pollutants (NESHAP), respectively.  

 
3 85 FR 40740 (July 7, 2020), https://www.govinfo.gov/content/pkg/FR-2020-07-07/pdf/2020-05900.pdf. 
 
4 Petition to Stay file on September 3, 2020, Pursuant to section 553(e) of the Administrative Procedure Act and 
section 307(d)(7)(B) of the Clean Air Act. Docket ID: EPA-HQ-OAR-2018-0074. 
 
5 October 7, 2020, Appeal documents: USCA Case #20-1342, Document #1865385. 
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In 1990, Section 112 of the CAA was amended to regulate technology-based standards for certain major 
sources and area sources. Under its provisions, a “major source” is described as stationary source or 
group of stationary sources that emit or has the potential to emit (PTE) 10 tons per year (tpy) or more of 
a single HAP or 25 tpy or more of a combination of HAPs.  
 
The 1990 CAA Amendments listed 187 chemicals designated as HAPS based on EPA’s assertion that they 
cause or may cause cancer or other serious health effects concerns. This list expanded this specified HAPS 
category from the seven designated pollutants identified in the 1970 CAA (asbestos, beryllium, mercury, 
radionuclides, inorganic arsenic, benzene, and vinyl chloride). As a clarification, storage tanks containing 
organic liquids (including crude oil storage tanks) emit a wide variety of chemicals into the air that are 
collectively referred to as volatile organic compounds (VOCs). Certain of the HAPs designated by the CAA 
Amendments are commonly part of the collective VOCs emitted for organic liquid storage tanks (e.g., 
benzene, hexane, toluene, mixed xylenes, etc.). 

The need to control VOCs results from a combination of concerns for the environment and nearby 
potential receptors (those who could be impacted by the emission). Emissions of VOCs contribute to the 
formation of ozone that can produce general health effects. But more significant in the potential risk is 
exposure to specific HAPs that are part of the emitted VOC mixture that can produce toxic effects.  

Further, an "area source" is described as any stationary source that is not a major source. For applicable 
sources, Section 112 of the CAA requires that EPA establish emission standards that require the maximum 
degree of reduction in emissions of HAPs; these emission standards are commonly referred to as 
Maximum Achievable Control Technology (MACT) standards. The MACT standards are published in Title 
40 to the Code of Federal Regulations Parts 61 and 63 (40 CFR 61 and 63) which are officially titled 
National Emission Standards for Hazardous Air Pollutants (NESHAPs).  

The 1990 Amendments to the CAA also established a federally mandated operating permit program for 
major sources of criteria pollutants, referred to today as Title V. A facility’s Title V permit sets forth the 
emission limits for sources and certain source-specific compliance requirements. In addition, it provides a 
comprehensive listing of applicable regulations and operating limits that a facility must meet to maintain 
compliance with the CAA. A facility must apply to renew its operating permit every five years and once 
that has been accomplished, the existing permit remains in effect until the regulatory agency issues a 
renewed permit. As such the facility is currently subject to its previously issued permit. 

The OLD MACT establishes national emission limitations, operating limits, and work practice standards for 
organic hazardous air pollutants (OHAPs) emitted from non-gasoline organic liquids distribution 
operations at major sources of HAP emissions, such as the VMT. 
 
In formulating the Subpart EEEE regulation, EPA chose to target a small subset of HAPs referred to as 
OHAPs that are known to be present in certain organic liquid petroleum products such as crude oil. 

The current version of the Subpart EEEE requirements includes: 

 Clarification that rule standards are applicable during startup, shutdown, and malfunction; 
  

 Requirement to electronically report performance test results;  
 



 
 

12  

 Addition of new operational requirements for flares used as control devices;  
 

 Addition of new provisions for bypass authorizations; 
 

 Removal of an exemption for pressure relief devices; and 
 

 Adoption of a work practice standard for tank degassing. 
 
 

1.2 Valdez Marine Terminal Background 
 

Situated on 1,000 acres along the southern shore of Port Valdez, Alaska, the VMT is a critical link in the 
operation of one of the world’s largest pipeline systems, the Trans Alaska Pipeline System (TAPS). TAPS 
has carried over 1.8 million barrels of oil per day in its peak years historically, but it averaged only 480,200 
barrels per day in 2020.6 The pipeline plays an essential role in supporting the United States energy 
supply and the local and statewide economies of Alaska. Since 1977, tankers at the VMT have loaded 
Alaska North Slope crude cargo for delivery to the lower United States and rest of the world. An overview 
of terminal layout and key operations are provided in Section 1.2.1.  
 
A history of VMT in relation to Alyeska’s legal challenge to the 2020 updates to the OLD MACT is 
presented in Section 1.2.2. 
 
 

1.2.1 Site Layout and Characteristics 
 
The VMT is situated within the Prince William Sound south of Port Valdez. The small community of 
Valdez, Alaska, has approximately 4,200 residents.7 As shown in Figure 1, the terminal borders the shore 
of Port Valdez fjord on one side and steep mountains on the other. Given the site topography, severe 
climate, and extreme seismic activity, the VMT’s design is unique, and truly, there is no other terminal of 
its kind operating in the United States.  
 
The VMT marks the southern terminus of the TAPS which transports crude oil over 800 miles via pipeline 
from the Alaska North Slope to the VMT. The VMT is critical to ensuring the energy needs of not only 
Alaska, but also some of the lower 48 states. Crude oil received via TAPS is temporarily stored in storage 
tanks at the VMT before being loaded in marine tankers and transported to Alaska refineries, refineries 
located in the rest of the United States, and international markets. The crude storage capability is 
essential to ensure that problems with marine transport availability do not result a costly shutdown of 
North Slope operations. 
 
Major operations at the VMT include 14 storage tanks with a working inventory of 6.6 million barrels of 
crude oil, a vapor recovery system to recovery storage tank vapors, two loading berths both equipped 
with vapor recovery arms, incoming tankers, ballast water treatment, thermal oxidation, and power 
 
6 Historic Throughput as reported by Alyeska Pipeline:  https://www.alyeska-pipe.com/historic-throughput/. 
 
7 Population of Port of Valdez: https://www.valdezalaska.org/discover/history/. 
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generation and its associated boilers. Figure 2 provides a site layout with key operations labeled. 
 
The finalized version of EPA’s Subpart EEEE requirements covers required controls for emissions from 
loading operations, leaks from piping arrangements, and storage tanks in crude oil service at the terminal. 
This reviewed focused mainly on tank emissions because only those newly revised provisions are an area 
of active dispute.  
 
Figure 1. Valdez Marine Terminal, Valdez, Alaska 

 

 
Photo Credit: Alyeska Pipeline Services Company 
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Figure 2. Valdez Marine Terminal Site Layout 

 
 
Photo credit: Alyeska Pipeline Service Company 
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1.2.2 Motion to Stay History 
 
To date, Alyeska has taken two legal actions to challenge parts of EPA’s 2020 updates to the OLD MACT. 
Alyeska’s first appeal occurred on September 3, 2020, with Alyeska filing an administrative action with 
EPA called a “Petition for Rulemaking, Reconsideration, and Stay” asking EPA to stay portions of the 
updated rule.  

Alyeska’s second action was to file a challenge to the U.S. Circuit Court of Appeals for the District of 
Columba (D.C. Circuit), which is empowered by the CAA to decide challenges to federal air regulations. 
More specifically, Alyeska filed its Petition for Review in the D.C. Circuit on September 8, 2020. On 
September 9, 2020, Alyeska’s petition was consolidated with the Petition of the American Fuel & 
Petrochemical Manufacturers (AFPM), American Petroleum Institute (API), and American Chemistry 
Council (ACC) and the Petition from California Communities Against Toxics (CCAT), Coalition for a Safe 
Environment, and Sierra Club. On October 7, 2020, Alyeska filed a motion with the D.C. Circuit to stay the 
rule while the case is being heard. Ultimately, the D.C. Circuit ruled to move to hold the case in abeyance 
until at least April 12, 2021, to allow for discussion and consideration of the petitions for administrative 
reconsideration filed with EPA by the Petitioners. This ruling exclusively stayed only the portions to the 
rule challenged by Alyeska. As of the date of this report, Alyeska and EPA are in active negotiations, under 
the EPA’s reconsideration process.  

Alyeska is challenging three parts of the rule that apply to operations at VMT as summarized below. 

1. “Safety Device Exemption” Repeal: Alyeska has challenged the repeal of the “safety device 
exemption” that allows facilities to open vents, or other pressure relief devices, at any time that it 
is required to avoid unsafe operating conditions. Alyeska argues the conservation vents installed 
on its crude oil storage tanks need to have the option to open and vent to atmosphere when the 
tank pressure reaches the set point of the conservation vents; this function is critical to the 
physical safety of site personnel and ensures the structural integrity of the tank(s). In the 
September 3, 2020, Petition for Rulemaking, Reconsideration, and Stay, Alyeska requested that 
EPA establish a work practice standard allowing for use of the conservation vents during system 
upsets that require venting of the tanks to maintain safe pressures inside, in lieu of repealing the 
“safety device exemption.” On December 15, 2020, EPA granted Alyeska’s request for 
reconsideration, meaning EPA will consider alternative work practice standards for the VMT. 

 

2. “Bypass Provision”: The “bypass provision” that prohibits operators from filling storage tanks 
during periods when pollution controls are bypassed, such as during planned maintenance, were 
absent from the Proposed Rule. Alyeska challenged this provision to the finalized rule because 
Alyeska was unable to provide comment on the adequacy of the bypass allowances included in 
sections 40 CFR §63.2378(e)(3) and (4) because these provisions were absent in the Proposed 
Rule but added in the finalized version. Alyeska has proposed work practice standards to comply 
with the bypass provisions. 8  

 
8 The final EPA rule kept the 240-hour bypass allowance but added a requirement that the tanks not be filled during 
the event. EPA stated that this was necessary because of the Sierra Club decision. 
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3. “Tank Degassing Standards”: Tank “degassing” refers to the process of removing organic gases 
from a stationary tank or pipeline. The original 2004 OLD MACT did not include work practice 
standards for degassing as these practices occurred under Startup, Shutdown, and Malfunction 
(SSM) periods which were excluded. In the 2020 finalized rule, EPA adopted a new work practice 
standard for degassing tanks but excluded tanks with capacities greater than 50,000 barrels. As 
the crude oil storage tanks at VMT are greater than 50,000 barrels, Alyeska challenged the work 
practice standard requesting that the work practice standards be incorporated for tanks greater 
than 50,000 barrels [provisions codified in 40 CFR §63.2346(a)(6) in an attempt to extend the 
recommended work practices to larger storage tanks so as to provide a clear and practical set of 
requirements]. 

 
Figure 3 provides a summary of important dates related to Alyeska’s rule challenge. 
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Figure 3. Alyeska’s Legal Challenge to the 2020 OLD MACT - Timeline of Significant Events 
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1.3 Project Objectives and Scope 
 
 
The main objectives of this project are to: (1) independently verify Alyeska’s claims related to health and 
safety, technical feasibility, and economic feasibility presented in its public correspondence with EPA 
related to the 2020 updates to the OLD MACT; and (2) evaluate how the implementation of the 2020 OLD 
MACT would influence the emittance of HAPs from the VMT. The scope of work performed is summarized 
below with an indication as to what report sections cover these various issues. 
 

 Independent Evaluation of HAP Air Releases from the VMT: HAP emissions from the vapor 
recovery system, storage tank conservation vents, and other sources not covered by the OLD 
MACT were quantified and compared to those values represented by Alyeska in the Petition for 
Rulemaking, Reconsideration, and Stay. JBE elected to perform this analysis in order to confirm 
that overall impacts from site operations were acceptable. The methodology used to estimate 
HAPs emitted from the VMT, calculation results, and value comparisons are provided in Section 2. 
Detailed calculations are presented in Appendices A through E.  
 

 Comparative Analysis Evaluating VMT HAP Emissions “As Configured” versus 2020 OLD MACT 
Implementation: HAP emissions from the fourteen-crude oil, fixed roof storage tanks controlled 
by vapor recovery were calculated, inclusive of emissions from the tank conservation vents 
(modeled as an uncontrolled tank since the emissions from the vents are released to the 
atmosphere). Modeling controlled emissions merely means that the uncontrolled emissions are 
reduced by a control efficiency (a percentage such as 98% for a flare). Uncontrolled emissions are 
not reduced by a percentage since there is no treatment or combustion downstream of their 
release point. This calculation represents the VMT “as configured.” 
 
Next, HAP emissions from the fourteen-crude oil storage tanks were calculated with the scenario 
that the tanks were converted from fixed roof to internal floating roof where no conservation 
venting occurs. This scenario represents VMT compliance with the 2020 OLD MACT standards. 
The results of this comparative analysis are presented in Section 4.2. Detailed calculations are 
presented in Appendices B and C. 
 

 Health Risk Evaluation: The health risks to residents of Valdez, Alaska, posed by the uncontrolled 
releases of HAPs from the conservation vents and residual uncontrolled sources at the VMT, not 
addressed by the OLD MACT were evaluated. HAP releases from VMT were modeled using EPA’s 
SCREEN3 Model. The health evaluation is presented in Section 3 with calculations presented in 
Appendix E and EPA SCREEN3 Model Outputs provided in Appendix F. 
 

 Alternative Design Assessment: The safety, environmental, engineering, and economic 
considerations presented by Alyeska in reference to reconfiguring the existing crude oil tank farm 
to comply with the 2020 OLD MACT were evaluated. The detailed assessment is provided in 
Section 4.  
 

 Title V Air Permit Review: VMT’s Title V Air Permit was reviewed to evaluate the level of 
regulatory obligation to manage releases of HAPs from the conservation vents, controls during 
planned maintenance, and work practices for emptying and degassing storage tanks. The Title V 
review is presented in Section 5.  
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Table 1. VMT Equipment-Level Subjectivity to the OLD MACT 

EU IDs, Title V Emission Unit Description Subject to OLD MACT? 
 

1-3 Power Boilers (3) Yes  

4-6 Waste Gas Combustors (3) Yes  

29-42 Crude Tanks (14) Yes  

43-46 West Tank Farm Tanks (4) Yes  

UI-45 Crude Tank VRU Piping Fugitives Yes  

8A, 9A Emergency Generators (2) No  

10-16 Firewater Pumps No  

17 Soil Vapor Extraction No  

18-28 Tank Bottom Processing Equipment No  

47-48 Berths 1, 3 No  

49-50 Berths 4, 5 No  

57 Recovered Treatment Crude Oil Tank No  

59-61 Ballast Water Treatment Tanks (3) No  

62-74 Wastewater Treatment System No  

75-80 Air Stripping System No  

UI-1,2,46 Boilers (3) No  

UI-3 - 14 Heaters (12) No  

UI-20 – 36, I-21 Diesel Tanks (18) No  

UI-37 Gasoline Tank No  

UI-38- 41 Used Oil Tanks (4) No  

UI-42 – 43 Propane Tanks (2) No  

UI-44 Ballast Water Treatment Sludge Tank No  
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2.0 EVALUATION OF HAZARDOUS AIR POLLUTANTS FROM VALDEZ MARINE TERMINAL 
 
 
The evaluation of HAP emissions from the VMT included the quantification of emissions related to 
Alyeska’s rule challenges – emissions from the crude oil tank farm (routes to vapor recovery) and crude 
oil storage tank conservation venting to atmosphere. Additionally, emissions from key emitters of HAPs 
were calculated. This includes the following: the power boilers (EU IDs 1 – 3), waste gas combustors (EU 
IDs 4 – 6), stationary reciprocating internal combustion engines (EU IDs 8A – 15), the Tank Bottoms 
Processing (TBP) system, marine loading, and leaks from piping components referred to as “fugitives.”  
 
The term “fugitives” is short for fugitive emissions, the technical description given by EPA to leakage that 
happens continuously from various piping components such as valves, flanges, pumps, and compressors. 
Extensive study work by EPA developed estimates for the very slow leakage from seals used to control 
these leaks. Taken individually these emissions would be insignificant, but because of the number of 
components that are associated with major equipment like storage tanks, the sum of these emissions is 
an important part of the emissions inventory.  
 
Other units and equipment with trace emissions of HAPs too small to be regulated by the facility air 
permit, as well as the wastewater treatment system (for which no configuration information was 
available) were not quantified. Additionally, emissions associated with tank cleaning (e.g., tank de-
pressuring, liquid removal, and sludge removal) were not calculated. 
 
Emissions were calculated in order to assess the following: 
 

 Level of HAP control with VMT’s current configuration 
 

 Level of HAP control under alternative design scenario to meet the 2020 OLD MACT 
 

 Site-wide emission rate of HAPs 
 

 Benchmarking of VMT HAP emission rate compared to EPA health screening criteria for individual 
HAPs 

 
 
 

2.1 Emissions from the Crude Oil Storage Tank Farm Including Conservation Venting 
 
 
JBE used the latest equations EPA specifies for use in estimating emissions from the 14 crude oil storage 
tanks which route to a vapor collection system during normal operations and that have the potential to 
vent to atmosphere for safety purposes during unplanned events (e.g., power outages).  
 
The proceeding sections outline the calculation methods used and provide an emissions summary. 
Detailed emission calculations and supporting data for VMT’s current tank configuration are provided in 
Appendices A, B, and D.  
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Step 1 – Determine VOC Emissions from the Crude Oil, Fixed Roof Storage Tanks Including Venting 
 
First emissions of VOC were calculated for the 14 fixed roof storage tanks that store crude oil. The 
methodology used is contained in a JBE custom workbook that follows EPA’s most recent guidance for the 
equations and associated factors found in AP-42 Chapter 7: Organic Liquid Storage Tanks, dated June 
2020.9 This JBE tool has been subjected to benchmarking with other commercially available tools 
developed by other consultants. In addition, the majority of this JBE tool was reviewed by the Argonne 
National Laboratory prior to being adopted as part of its transportation fuels emissions modeling tool 
set.10 
 
Note, the Title V Air Permit applications for the VMT appear to have relied on EPA’s Tanks 4.09d software 
which is no longer supported or recommended for use by EPA.  
 
EPA has stated: 
 

“The TANKS model was developed using a software that is now outdated. Because of this, the 
model is not reliably functional on computers using certain operating systems such as Windows 
Vista or Windows 7. We are anticipating that additional problems will arise as PCs switch to the 
other operating systems. Therefore, we can no longer provide assistance to users of TANKs 4.09d. 
The model will remain on the website to be used at your discretion and at your own risk. We will 
continue to recommend the use of the equations/algorithms specified in AP-42 Chapter 7 for 
estimating VOC emissions from storage tanks. The equations specified in AP-42 Chapter 7 
(https://www.epa.gov/ttn/chief/ap42/ch07/index.html) can be employed with many current 
spreadsheet/software programs.”11 

 
Based in part on differences in calculation methodology, the estimation of VOCs and HAPs from Alyeska’s 
VMT air permit application and JBE’s independent evaluation vary. 
 
This situation is not unique to VMT. Permits with specific reference to TANKS 4.09d are still widespread 
across the U.S. Historically, Title V and other permits have referred to specific dates for guidance 
documents or other tools incorporated by reference. Where this is done, it introduces a problem when 
the guidance document is revised or the tool’s use is abandoned by EPA as is the case here. If the 
emissions are estimated using an outdated method, they would potentially be less accurate. However, it 
may be unclear what would be the intention if on initial permit issue, the equipment was below a permit 
limit, but after an emission factor was revised in the updated guidance document, a permit exceedance 
could result. 
 
Regardless of any permit limit ramifications, for the purposes of this review, the most accurate methods 
(usually the most recently developed ones) are clearly the best choice. 
 

 
9 AP-42 Chapter 7, June 2020 Final Revision: https://www.epa.gov/air-emissions-factors-and-quantification/final-
revisions-ap-42-chapter-7-section-71-organic-liquid. 
 
10 https://greet.es.anl.gov/tool_rp_voc. 
 
11 EPA statement on use of Tanks 4.09d: https://www3.epa.gov/ttnchie1/software/tanks/. 
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The physical characteristics of the fixed roof storage tanks used in the tool were based on the following 
data sources: 
 

1. September 3, 2020, Alyeska Petition for Rulemaking, Reconsideration, and Stay to the 2020 
finalized amendments to 40 CFR 63, Subpart EEEE 
 

2. July 14, 2016, Title V Air Permit Renewal Application to Permit Number AQ0082TVP02 
 

3. 2020 Annual Point-Source Emissions Inventory12 
 
 
The JBE tanks tool was also used to model open venting to the atmosphere by the conservation vents. 
The conservation vents were modeled as an uncontrolled storage tank. Venting times were based on the 
annual average vent time from 2005 to 2020 as provided in Table 1 - Vapor Volume Capture Efficiency 
Compared to Uncontrolled Tank Venting to Attachment 2 to the October 7, 2020, Motion to Stay filed in 
the D.C. Circuit. Using historic venting times, the average capture efficiency, and thus, the total average 
time the conservation vents were closed was 99.94%. This capture rate was used to estimate annual 
emissions from the vents – to represent a typical year. 
 
 
Step 2 – Determine North Slope Crude Oil Characteristics 
 
 
Once VOC emissions are determined, crude speciation is required in order to speciate HAPs. In order to 
use the equations specified by AP-42, the chemical compounds present in the mixture (in this case crude 
oil) must be comprehensively described. This is called “speciation” by the air pollution control 
community. The reason a comprehensive speciation is necessary is that molecules from each compound 
in crude oil compete for the vapor space above the liquid in a storage tank. This vapor space 
concentration profile is used directly in order to divide overall predicted emissions (volatile organic 
compounds) into the portion for each compound present in the vapor space. If the characterization used 
were to include HAPs alone, the contribution of lighter compounds (e.g., C3 to C5) would not be taken 
into account. The more of these lighter compounds, the less HAPs in the vapor space. Conversely, if these 
compounds are not portrayed accurately, the HAPs emissions would be overstated. 
 
To speciate the contents of the 14 crude oil storage tanks at the VMT, a crude assay for Alaska North 
Slope crude was used. A copy of the assay used is provided in Appendix A to this report.13 The crude oil 
speciation was taken from PIANO (paraffins, iso-paraffins, aromatics, naphthenes, olefins) test results. 
Where speciation was not reported by the PIANO test results (e.g., for lighter components), surrogate 
data based on datasets published by API (API 4723) were used. The vapor pressure of Alaska North Slope 
crude was estimated using a flash calculation tool designed by JBE that makes use of Antoine Coefficients 
to estimate compound physical properties at a specified temperature. A copy of the flash tool results is 
provided in Appendix D to this report for reference.  

 
12 Publicly available from Alaska Department of Environmental Conservation. 
 
13 Crude assay (i.e., PIANO data) was provided to JBE on 7-2-2021 by Eric Litman, M.S., Senior Environmental 
Scientist, NewFields Environmental. 
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Step 3 - Determine HAP Emissions from the Crude Oil, Fixed Roof Storage Tanks Including Venting 
 
The JBE flash tool was used to estimate the percent of each constituent in the vapor phase based on 
partial pressure calculations, which are used to estimate the total HAP emitted from the storage tanks 
including venting. Based on a total VOC emission rate of 6.25 tpy and an estimated HAP concentration of 
crude oil vapor of 1.47%, JBE estimated a total HAP emission rate of 0.1 tpy from the conservation vents, 
well below the 1.97 tpy quoted by Alyeska in Table 1 to Attachment 2 to the October 7, 2020, Motion to 
Stay filed in the D.C. Circuit. The full flash tool calculation is provided in Appendix D. 
 
  
Storage Tank Emissions Results, Current VMT Configuration 
 
Emissions of VOCs and HAPs from the storage tanks (emitted at the vapor collection system, referred to 
as VCU) are shown in Table 2 and Table 3, Table 4, and Table 5 provide a comparison between the JBE 
and Alyeska calculated values representing VOCs and HAPs emitted from the conservation vents to 
atmosphere during a typical year.  
 
The emissions estimated include contributions resulting from two consequences of how tanks are 
operated. First, storage tank emissions can result from the displacement of vapor in the tank by incoming 
liquid petroleum product (e.g., crude oil). This happens because the liquid level in the tank rises with the 
delivered oil and as a consequence, the vapor above the liquid as it rises is displaced. These displaced 
vapors are referred to as “working” losses, because they result from the tank “working” to process the 
throughput of oil. Whether the tank is still (no incoming or outgoing liquid), receiving product, or 
dispensing product, emissions also occur as a result of daytime heating (if any occurs). The associated 
vapor pressure rises as a function of the temperature in the tank and this impact to emissions is referred 
to as “standing” losses.  
 
Based on JBE’s independent emission calculations, the emissions of VOC and HAP represented in 
Alyeska’s Motion to Stay are conservative and are therefore considered as an acceptable representation.  
 

Table 2. VOC Emissions from Crude Oil Storage Tanks  

Parameter VOC Emissions Unit 

Uncontrolled Working Loss 18,705,473 lb/yr 
Uncontrolled Standing Loss 2,135,977 lb/yr 
Tank Cleaning Loss14 0 lb/yr 
Total Loss = VOC Emissions Routed to VCU 20,841,450 lb/yr 
VCU Control Efficiency 99.7 % 
Actual VCU Emissions from Tanks 62,487 lb/yr 
Actual VCU Emissions from Tanks (unit conversion) 31 tpy 

  * Tank cleaning not quantified 

 
14 Based on JBE review of VMT’s current Title V, it is unclear if tank cleaning emissions are incorporated to the 
sitewide PTE. 
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Table 3. HAP Emissions from Crude Oil Storage Tanks at Vapor Collection Emission Point 

Parameter JBE Calculated HAP 
Emissions 

(tpy) 

Alyeska Calculated HAP 
Emissions 

(tpy) 
HAP Emissions from the Crude Oil Storage Tanks at 
Vapor Recovery 

0.46 n/a 

 
Table 4. VOC Emissions from Conservation Vents 

Parameter JBE Calculated VOC 
Emissions 

(tpy) 

Alyeska Calculated VOC 
Emissions 

(tpy) 
VOC Emissions from the Crude Oil Storage Tank 
Conservation Vents 

6.25 49.32 

 

Table 5. HAP Emissions from Conservation Vents 

Parameter JBE Calculated HAP 
Emissions 

(tpy) 

Alyeska Calculated HAP 
Emissions 

(tpy) 
HAP Emissions from the Crude Oil Storage Tank 
Conservation Vents 

0.10 1.97 

 
 
Detailed Emission calculations for the fixed roof storage tank (as VMT is currently configured) are 
provided in Appendix B. 
 
 
 

2.2.1 Alternative Conservation Vent Calculation Method: Pressure Rise Method 
 
 
On October 19, 2021, Alyeska presented JBE with a sample calculation to estimate VOC from the storage 
tank conservation vents using an alternative calculation method. This method estimates vapor rate 
emissions using a derivation of the ideal gas law and is based on the pressure rise inside a tank using 
actual pressure readings at the time the vents are open and closed, tank temperature readings, and vapor 
space volumes based on the liquid level inside the tank. 
 
An example pressure rise method calculation for Tank 7 from an event on March 23, 2019, resulted in a 
total of 0.13 tons of VOC emitted during the duration of 1.68 hours the vent was open. This equates to an 
emission rate during venting of 0.077 tons per hour. Applying this emission rate to the total average 
annual time the vents released from 2005 to 2020 (value of 318 minutes or 5.3 hours for each of the 14 
tanks) results in VOC emissions of 5.74 tpy (0.077 tons per hour X 5.3 hours venting X 14 tanks). Said 
another way, the 14 tanks combine to release during a total of 4,452 minutes (74.2 hours) as an average 
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for each year. This rate of VOC emissions is 8% less than the rate of 6.25 tpy calculated by modeling the 
vents as an uncontrolled storage tank. Table 6 provides numerical comparisons of both methods. 
 
In JBE’s opinion, the pressure rise method is the preferable calculation method because it relies on 
granular, actual datasets to accurately determine emissions for each individual venting event. As 
pressure, temperature, and the vapor space volume is unique to each venting episode, calculating events 
individually, and then summing for the total events in a year is preferable.  
 
Table 6. VOC Emissions Comparison by Vent Calculation Method 

Parameter Duration of Open Venting to Atmosphere VOC Emissions (tpy) 
Single Emission Event, Tank 7, Using Pressure 
Rise Method 

1.68 hours (101 minutes) 0.13 

Annual Emissions, Single Tank, Using Pressure 
Rise Method 

318 minutes 0.41 

Annual Emissions, All 14 Crude Tanks 
Combined, Using Pressure Rise Method 

318 minutes per tank, for a collective 
4,452 minutes annually 

5.74 

Annual Emissions, All 14 Crude Tanks 
Combined, Using Uncontrolled Tank Method 

318 minutes per tank, for a collective 
4,452 minutes annually 

6.25 

Change in Emissions Due to Method Variation:   8% 

 
 
2.2 Other Key Emitters of HAP Emissions  

 
 
To better understand the site-wide Potential to Emit (PTE) HAPs at VMT, additional emitters of HAPs were 
evaluated. These include the following:  
 

 Power boilers (EU IDs 1 – 3) 
 Waste gas combustors (EU IDs 4 – 6) 
 Stationary reciprocating internal combustion engines (EU IDs 8A – 15) 
 Tank Bottoms Processing (TBP) system and associated units 
 Marine loading 
 Fugitives from equipment leaks 

 
 
As defined by the EPA, “potential to emit” is “the maximum capacity of a stationary source to emit under 
its physical and operational design. Any physical or operational limitation on the source to emit an air 
pollutant, including air pollution control equipment and restrictions on hours of operation, or on the type 
or amount of material combusted, stored, or processed, shall be treated as part of its design if the 
limitation is enforceable by the (EPA) Administrator.”15 
 
Permitting authorities (e.g., EPA and state regulatory agencies) use the potential-to-emit concept as a 
way to establish permit limitations in many situations, seeking to set permit limits at protective levels that 
would cover reasonably expected operations without the need to re-establish the basis for permit limits 

 
15 April 1998 EPA Memo: Potential to Emit (PTE) Guidance for Specific Source Categories 
https://www.epa.gov/sites/default/files/2015-07/documents/lowmarch.pdf. 
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for routine changes in operations. If limits are set based on operational capabilities, it follows logically 
that emissions at the point of permit limitation would be worst-case emissions (those that are the most 
that would occur unless equipment was damaged, there was a significant weather event, or a fire or 
explosion). For this review, the use of permit limits associated with worst-case emissions was a very 
appropriate way to investigate the most impactful situations from the perspective of potential off-site 
health effects to nearby residents. Since lower screening thresholds are associated with chronic health 
effects (for long-term exposures), it is logical to use a worst-case emissions value as a conservative case 
to investigate impacts from long-term-exposure. 
 
Units with limited emissions of HAPs, such as the wastewater treatment system were not quantified.  
 
 
Overview of Approach 
 
JBE used historic permit applications and the Title V Air Permit to recreate a HAP emissions workbook for 
the sources outlined above. Key aspects to this workbook are provided in Appendix E to this report. A 
summary of HAP emissions from the aforementioned sources is provided in Table 8, including a 
comparison between the total HAPs provided in the VMT 2016 Title V Air Permit Renewal Application and 
the independent results calculated by JBE.  
 
One primary reason for the discrepancy between the calculations is due to the different crude oil 
speciation between the permit application and JBE’s analysis. The permit application states that the crude 
oil HAP speciation was based on an average of five samples taken in December 2006, and the crude vapor 
HAPs content was estimated “…based on construction permit methodology used for PS 3-5, 7 & 9 
breakout tank ORLs.” JBE estimated HAP concentrations as previously described in Section 2.1. The HAP 
concentrations from both sources are provided below. 
 
 
Table 7. Comparison of Crude Speciation 

Pollutant Crude Vapor HAP wt% Crude Vapor HAP wt% Comments 
  Permit Application JBE Calculation   

1,3-Butadiene 0.201 n/a Not listed in PIANO data 
n-Hexane 1.685 0.978   
Benzene 0.306 0.272   
Toluene 0.213 0.161   
2,2,4-Trimethylpentane 0.005 n/a Not listed in PIANO data 
Ethylbenzene 0.001 0.010   
Xylenes 0.063 0.047   
Cumene 0.001 0.001   
Naphthalene 0.337 0.000 Concentration zero in PIANO data 
Total HAPs 2.810 1.470   
Total Non-HAP Compounds 97.190 98.530   
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Table 8. HAP Emissions Summary for Key Contributors (Non-Tanks) 

Emission Source HAP Emissions, VMT 
2016 Permit 
Application 

HAP Emissions 
JBE Calculation 

Comments 

  (tpy) (tpy)   
Boilers/Waste Gas Combustors 1-6 5.90 3.10   

Generators/Engines 8A-15 0.00 0.02 Negligible 

Loading 10.90 12.20 Uncontrolled maintenance allowance 

Fugitives 0.40 0.10   

Tank Bottoms Processing System 0.50 0.30   

Tank Conservation Vents n/a 0.10 
 

Total 17.70 15.80   

 
 
 
Limitations 
 
HAP emissions from ballast water treatment is not included. Based on VMT’s 2016 Title V Air Permit 
Renewal Application, the potential to emit HAPs due to ballast water treatment is 3.1 tpy.16 Additionally, 
emissions from any unpermitted sources are not included. Within this category and of note, emissions 
from tank cleaning are not included because data to characterize these operations was not available in 
the permit application or other publicly available sources. An example for calculation of tank degassing 
emissions for an external storage tank containing gasoline in Chapter 7 of AP-42 (Section 7.1.5, Example 
6) show results that are approximately 0.5 tons of VOC if vapor controls are used and well above 4 tons if 
not. This should be a conservative point of reference since gasoline has a higher vapor pressure than 
crude oil. Therefore, tank cleaning does remain an issue of some potential significance, but Alyeska is 
negotiating work practices for degassing tanks with the EPA. Therefore, it is likely that controls imposed 
will adequately address this concern. 
 

 
16 3.1 tpy includes 2.2 tpy for water treatment and an additional 0.9 tpy for thermal oxidization control. 
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3.0  HEALTH ASSESSMENT 
 
 
The potential for health impacts from chemicals released from process equipment depends a number of 
factors, all of which must be understood to have a definitive answer on the risks of the releases. The key 
factors include the following: 
 

 Amount of chemical released – pounds per hour, tons per year 
 

 How and where the chemical is released – affects how the chemical is dispersed, deflected, or 
diluted before reaching a resident (e.g., a chemical released from a pipe at ambient temperature 
at ground level will be more concentrated at the property line than the same chemical released 
from a high stack at high temperatures) 

 
 The prevailing weather conditions including inversions, wind direction, air pressure differential, 

and temperature 
 

 Where the residents are located – whether they live on the VMT property line or across Port 
Valdez, or whether they live full-time nearby, or only have short visits like visiting a park 
 

 Type of health risk posed by the chemical – carcinogenic, immediate skin damage, impacts occur 
in a short time or over a lifetime 
 

 Whether the exposed individuals are healthy results or if they have increased sensitivity due to 
age, medical issues, etc. 

 
 The duration of the exposure (e.g., for just a year or two, or for an entire lifetime) 

 
A complete health risk analysis involves a tremendous amount of detailed site information and computer 
modeling which is beyond the scope of this evaluation. Therefore JBE looked at two ways to compare the 
risks from this site-specific situation to other study results without the need to perform a comprehensive 
analysis from the ground up. First, JBE compared the emissions results we obtained for the site to the risk 
analysis EPA performed as a required part of the Residual Risk and Technology Review for the OLD MACT 
as it relates to uncontrolled releases. Then, as a second comparison, JBE used the emission results to 
perform a screening analysis using an EPA tool. To perform these comparisons the following data was 
used: 
 

 Composition and Emission rate of HAPs released from the VMT; 
 

 Allowable health risk levels for those chemicals; and 
 

 Qualitative review of release discharge points as it relates to dispersion and proximity to 
residents.  
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In order to perform a health screening, first each source at the VMT was evaluated to determine whether 
it should be considered. A summary of this review is provided in Table 9.
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Table 9. VMT Potential Sources of HAP  

EU IDs, Title V Emission Unit Description Uncontrolled? 
Subject to 

OLD MACT? 
If Uncontrolled and Not Subject to OLD MACT,  

Significant HAP Source? 

1-3 Power Boilers (3) No, type of control Yes N/A 

4-6 Waste Gas Combustors (3) No, type of control Yes N/A 

8A, 9A Emergency Generators (2) Yes No No – trace HAP, operate 100 hr/yr 

10-16 Firewater Pumps Yes No No – trace HAP, operate 156 hr/yr 

17 Soil Vapor Extraction No No N/A 

18-28 Tank Bottom Processing Equipment No No N/A 

29-42 Crude Tanks (14) No Yes N/A 

43-46 West Tank Farm Tanks (4) No Yes No – out-of-service 

47-48 Berths 1, 3 Yes No No – out-of-service 

49-50 Berths 4, 5 No No N/A 

57 
Recovered Treatment Crude Oil 
Tank 

Yes No 
Not investigated - insufficient data to estimate vapor 
pressure 

59-61 Ballast Water Treatment Tanks (3) Yes No No – removed or in standby 

62-74 Wastewater Treatment System Yes No Unknown, limited data available to access 

75-80 Air Stripping System No No N/A 

UI-1,2,46 Boilers (3) Yes No No – trace HAPs from <1 MMBTU/hr diesel boilers 

UI-3 - 14 Heaters (12) Yes No No – trace HAPs from <1 MMBTU/hr heaters 

UI-20 – 36, I-21 Diesel Tanks (18) Yes No No – trace HAPs from diesel storage 

UI-37 Gasoline Tank Yes No No – trace HAPs for 10k gallon storage tank  

UI-38- 41 Used Oil Tanks (4) Yes No No – trace HAPs from used oil storage 

UI-42 – 43 Propane Tanks (2) Yes No No – No HAPs in propane; no emissions 

UI-44 
Ballast Water Treatment Sludge 
Tank 

Yes No No – only 1 -2 turnovers per year 

UI-45 Crude Tank VRU Piping Fugitives No Yes N/A 
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For key emitters of HAPs (in addition to the crude oil tank farm and conservation venting), JBE used 
historic permit applications and the Title V Air Permit to recreate a HAP emissions workbook. This 
workbook was used as the basis to determine site-wide HAP emission rates by pollutant which can be 
used as data input values into EPA’s SCREEN3 model. SCREEN3 is an air dispersion model which provides 
maximum ground-level concentrations for point, area, flare, and volume sources, as well as 
concentrations due to inversion break-up and shoreline fumigation.17  
 
EPA SCREEN3 utilize a simple air emissions dispersion pattern that spreads out uniformly with distance 
called a Gaussian plume model. In general, more sophisticated models predict the extent to which the 
spread of emissions may be reduced by atmospheric conditions (e.g., where the plume may rise and 
disperse vertically) or where it may be deflected more rapidly down to earth as a result of terrain 
interaction. Therefore, it is generally accepted that a screening approach using a Gaussian tool would 
yield the highest predicted concentrations and would therefore be an appropriate worst-case approach. 
 
An analysis based on these screening dispersion results would seek to determine if the estimated 
concentrations exceeded levels above those established as health effects screening thresholds. The EPA 
SCREEN3 model produces results for a specific compound. The volatility and toxic effects of individual 
HAPs present within the crude oil can be used as indicators of exposure issues. Based on a review of the 
SCEEN3 model output by specific compound, an appropriate demonstration of acceptable risk can be 
made. 
 
For this analysis, estimated emission rates of HAPs were provided as inputs to the SCREEN3 model and it 
was used to estimate ground-level concentrations for the specific HAP at different set distance points 
away from the emissions source. These output concentrations were then compared to effects screening 
levels (ESLs), as discussed below. 
 
 
Effects Screening Levels (ESLs) 
 
ESLs are chemical-specific air concentrations set at levels selected to limit the risk of health effects to an 
acceptable level. Short-term ESLs are based on data concerning acute human health effects, the potential 
for odors to be a nuisance, and effects on vegetation. Long-term ESLs are based on data concerning 
chronic human health and vegetation effects. 
 
To assess health impacts, both short-term and long-term effects can be investigated. In most cases, long-
term effects will involve a lower threshold and are more likely to pose a threat to a potentially exposed 
population. Screening levels are generally set conservatively to levels that are deemed to be protective of 
sensitive elements of the population, such as those with compromised respiratory systems, pre-existing 
cancer, etc. In setting these levels, lifetime exposure to the emissions source is assumed and it is further 
assumed that a potentially exposed individual lives in that location for their entire lifetime. Short-term 
exposure limits may also be important, but where separation over a body of water occurs, they are 
unlikely to be significant for residents.  
 

 
17 EPA SCREEN 3 - https://www.epa.gov/scram/air-quality-dispersion-modeling-screening-
models#:~:text=%2D22%2D1989)-,SCREEN3,break%2Dup%20and%20shoreline%20fumigation. 
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Another possibility for concern where there is a body of water can be recreational use (swimming and 
boating) or commercial use (fishing). In setting short-term exposure thresholds, exposure times are much 
less since it is not expected that receptors would actually be on the water continuously throughout the 
day and all year long. 
 
The Texas Commission on Environmental Quality (TCEQ) Toxicology Division (TD) has taken a leadership 
role with respect to chemical toxicity determination and has derived ESLs for thousands of chemicals and 
maintains that data in their Toxicity Factor Database which can be accessed through their website.18 The 
following table provides the HAPs of concern at the terminal and their associated ESLs. 
 
 
Table 10. HAPs Emitted from VMT with ESLs 

Substance Short-term ESL Health 
(ug/m3) 

Long-term ESL Health 
(ug/m3) 

HAP emissions  
(tpy) 

benzene 170 4.5 2.9 

ethylbenzene 26000 570 0.1 

n-hexane 5600 200 10.5 

o-xylene 2200 180 0.5 

toluene 4500 1200 1.7 

 
 
In order to translate emission rates into concentrations, the dispersion model estimates the 
concentrations that would result at various points downwind. The emissions used were estimated based 
on the PTE for each of the sources in the emissions inventory. Since many of the sources have routinely 
operated below their design capabilities, it is expected that actual annual average emissions would be 
quite a bit lower than these values. For example, the storage tank throughput for the most recent ten 
years in history has been less than half of tank throughput design capability. As such, the modeled 
emissions represent a high value, not an expected average. 
 
 
JBE elected to evaluate benzene concentrations first because the limits for benzene are the most 
stringent of all the HAPs of interest. Two cases for benzene were run: (1) a sitewide benzene evaluation; 
and (2) tank conservation vents alone as a way to evaluate the conservation vent emission contribution as 
part of the total sitewide emissions. The results of the benzene models are provided in Table 11. 
 
 

 
18 https://www.tceq.texas.gov/toxicology/database/tox. 
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Table 11. EPA SCREEN 3 Model Outputs for Benzene Releases from VMT 

Parameter Sitewide Benzene 
 

Benzene from Tank 
Conservation Vents Only 

Units 

Distance for max 1 hr concentration 1304 709 m 
Maximum 1 hr concentration 6.8 0.03 µg/m3 
Concentration at 1000 m 6.5 0.03 µg/m3 
Concentration at 5000 m 1.8 0.02 µg/m3 

Concentration at 10000 m 1.2 0.01 µg/m3 
Effect Screening Level 4.5 170 µg/m3 

 
The model considers elevation and its effects on concentration at ground level. The vapors tend to be 
somewhat buoyant, and, as such, they will settle to the ground over some dispersed distance, resulting in 
a higher concentration at ground level at some point downwind, not at the base of the source. The 
screening model only accepts one height for the source, whereas a more complex model could handle 
various heights and multiple source locations. For these model analysis runs, the height of the tank 
conservation vents was selected to represent the average sitewide source height.  
 
In the Table 11 results, the value of 1,304 m indicates the point at which the model estimated the 
maximum concentration of benzene would occur. The two separate values are a consequence of 
modeling the entire emissions inventory (sitewide benzene result) and just the contribution from the 
conservation vents (column to the right of the sitewide result – 709 m).  
 
The sitewide concentrations are a worst-case annual result since they are based on PTE. They are 
conservative and expected to be well above an actual average annual concentration. The values for the 
conservation vents are based on the emission rate when they are venting, a very small number of hours 
per year. It is presumed that the predicted concentrations would occur only a few hours a year.  
 
The city of Valdez is approximately 5,000 m from the marine terminal. The estimated benzene 
concentration at 5,000 m from the source was estimated to be 1.8 µg/m3, well below both the short-term 
and long-term ESLs of 170 and 4.5 µg/m3, respectively. 
 
For the location of maximum concentration (located over water), a comparison to the short-term effects 
screening level based on the potential for recreational use is appropriate. The predicted value of 6.8 
µg/m3 is well below the screening value of 170 µg/m3 for short-term exposures. The fact that the 
maximum concentration exceeds the long-term screening value is not an unacceptable result given the 
exposure scenario that applies to this location (since it is over water). 
 
Because the ESL for benzene due to emissions from the terminal is approximately two orders of 
magnitude less than the ESLs for the other HAPs, once it was determined that the benzene 
concentrations at the city of Valdez were estimated to be well below the ESLs, it is deduced that the 
concentrations for the other HAPs of concern would be well below the ESL thresholds as well. Figure 4 
provides a depiction of the site-wide release of benzene at multiple distance points from the terminal. 
 
As a second health effects evaluation methodology, JBE sought to use modeling performed by others. 
Since no modeling by Alyeska was made available, non-site-specific EPA modeling efforts were considered 
to see if they could be adapted. EPA performed dispersion modeling for emissions from terminals 
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potentially impacted by the OLD MACT, but the VMT was not modeled because there were no values in 
the 2004 NEI source data for it.  
 
As a suitable benchmark, the emission modeling performed for the refinery sector rule for crude oil 
storage tanks was consulted. In 2015, EPA released its complex hazard evaluation and established 
“allowable” emissions for specific HAPs emitted from crude oil storage tanks at refineries based on its 
average refinery case. The 2015 EPA analysis was performed on storage tanks specifically and it coupled 
tank throughput with HAPs weight percent in crude oil to estimate emissions of HAPs. JBE used its VMT 
tank emissions data and the factors from the EPA’s “complex hazard evaluation” to form a comparison 
between actual estimated VMT crude oil tank emissions and the “allowable levels.” Two sets of 
calculations were performed for benzene and hexane: one using the HAPs weight percentages from the 
crude oil assays JBE obtained for this review and another using the crude oil HAPs weight percentages 
EPA developed for its average crude oil. This second calculation was performed as a sensitivity case 
because it had higher weight percentages than the assay value. Both analyses had estimated emissions 
well below the “allowable” level. Table 12 and Table 13 provide results of this analysis. The storage tank 
throughput value is based on the permit application representations by the terminal. This value 
corresponds closely to their current 2021 throughput.19 Given the difference between screening results 
and the threshold levels, throughputs closer to the historical capability (even if not allowable under their 
current permit) would not be expected to result in threshold exceedances. 
 
The results from using the EPA’s 2015 “complex hazard evaluation” for HAPs from refineries, taken with 
the EPA SCREEN3 modeling results, support the position that a further reduction in HAPs emissions via 
additional control is not necessary at the VMT. 
 
 
 

 
19Alyeska Pipeline Service Company Historic Throughput published values, https://www.alyeska-pipe.com/historic-
throughput/. 
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Figure 4. VMT Site-Wide Benzene Release at Multiple Distance Points from VMT from EPA’s SCREEN3 Model 
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Table 12. VMT HAP Emission Benchmarking for Hexane and Benzene, Using Crude Oil Assays Obtained for this Review 

Using Alaska North Slope Crude Assay (PIANO and API Surrogate Hybrid) Benchmark Limits 
Single Tank Single Tank All Tanks plus Venting Fraction VMT Estimated Allowable Throughput Allowable Allowable 
Throughput Throughput VOC Hexane Hexane Hexane Crude Oil Hexane Hexane 
(bbl/month) (MMbbl/yr) (tons/yr) (%) (tons/yr) (lb/MMBBL) (MMbbl/yr) (lb/yr) (tons/yr) 
          980,830                 11.8                                  37.5                   0.98                           0.4                 83.7                    164.8            13,795                   6.9  
                  
Single Tank Single Tank All Tanks plus Venting Fraction VMT Estimated Allowable Throughput Allowable Allowable 
Throughput Throughput VOC Benzene Benzene Benzene Crude Oil Benzene Benzene 
(bbl/month) (MMbbl/yr) (tons/yr) (%) (tons/yr) (lb/MMBBL) (MMbbl/yr) (lb/yr) (tons/yr) 
          980,830                 11.8                                  37.5                   0.27                           0.1                 10.0                    164.8              1,640                   0.8  

 
 
 
Table 13. VMT HAP Emission Benchmarking for Hexane and Benzene, Using EPA Crude Speciation 

Using EPA Crude Assay (Very Conservative Speciation) Benchmark Limits 
Single Tank Single Tank All Tanks plus Venting Fraction VMT Estimated Allowable Throughput Allowable Allowable 
Throughput Throughput VOC Hexane Hexane Hexane Crude Oil Hexane Hexane 
(bbl/month) (MMbbl/yr) (tons/yr) (%) (tons/yr) (lb/MMBBL) (MMbbl/yr) (lb/yr) (tons/yr) 
          980,830                 11.8                                  37.5                      6.2                           2.3                 83.7                     164.8            13,795                   6.9  
                  
Single Tank Single Tank All Tanks plus Venting Fraction VMT Estimated Allowable Throughput Allowable Allowable 
Throughput Throughput VOC Benzene Benzene Benzene Crude Oil Benzene Benzene 
(bbl/month) (MMbbl/yr) (tons/yr) (%) (tons/yr) (lb/MMBBL) (MMbbl/yr) (lb/yr) (tons/yr) 
          980,830                 11.8                                  37.5                      0.7                           0.3                 10.0                     164.8              1,640                   0.8  
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4.0  ALTERNATIVE DESIGN ASSESSMENT 

 
Paragraph 40 CFR §63.2346(i) was updated in the 2020 finalized version of the OLD MACT to reflect the 
language provided below, where new language is provided in bold text. 
 

Safety device. Opening of a safety device is allowed at any time that it is required to avoid unsafe 
operating conditions. Beginning no later than July 7, 2023, this paragraph no longer applies. 
 

Historically, the conservation vents installed on the 14 crude oil, fixed roof storage tanks (EU IDs 29 
through 42, as listed in the Title V) have operated under the safety device allowance. The conservation 
vents are designed to open and vent uncontrolled to atmosphere to prevent structural damage or 
catastrophic failure caused by under or over-pressurization of the tanks. The vents are designed to open 
when the internal pressure of any single crude oil storage tank is at or greater than 1.5-inch water column 
and to close when that tank’s internal pressure is less or equal to 1.2-inch water column.20 Emissions of 
VOCs and HAPs are released during open venting to the atmosphere.  
 
In the Petition for Rulemaking, Reconsideration, and Stay, Alyeska claims that in order for the VMT to 
comply with the updated rule, given the removal of the “safety device exemption,” the facility would have 
to choose one of two options: 
 

1. Convert the 14 crude oil, fixed roof storage tanks to internal floating roof; or 
 

2. Install a closed-vent system to capture vapors from the conservation vents during periods where 
open venting currently occurs.  
 

Alyeska’s claims related to health and safety, technical feasibility, and economic feasibility for the two 
alternative designs presented in the Petition for Rulemaking, Reconsideration, and Stay were evaluated 
and are discussed in this section. Additionally, other options not considered such as converting the 14 
crude oil, fixed roof storage tanks to external floating roof tanks are discussed.  
 
Claims pertaining to safety and technical feasibility, health impacts, and economic feasibility are discussed 
in Sections 4.1, 4.2, and 4.3, respectively. 
 
 
 
Overview of Approach  
 
Based on reviewing current literature, vendor specifications, historic permitting efforts, the current Title V 
Air Permit, and relevant files contained in the OLD MACT rulemaking docket, each claim was determined 
to be validated, partially validated, or unvalidated.  
 
 
 

 
20 Pressure set points based on Specific Requirement 19 to Title V Air Permit Number AQ0082TVP03. 
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4.1 Evaluation of Alternative Design Claims Pertaining to Safety and Technical Feasibility 
 
 
This section outlines each critical claim made by Alyeska in the Petition for Rulemaking, Reconsideration, 
and Stay and supporting documents pertinent to safety and technical feasibility for the alternative design 
considerations evaluated for determining compliance options for the 2020 OLD MACT with the “safety 
device exemption” language repealed. As compliance with the 2020 OLD MACT would require the 
elimination of opening conservation vents to the atmosphere, the following alternative designs were 
evaluated herein: 
 

 Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof; 
 

 Removing Conservation Vents from Fixed Roof Atmospheric Tanks; and 
 

 Conversion of Crude Oil Tanks from Fixed to External Floating Roof. 
 

 
Table 14 summarizes the claims related to safety and technical considerations for converting the 14 crude 
oil storage tanks from having fixed roofs to having internal floating roofs.  
 
Table 15 outlines the safety and technical feasibility claims made related to why the fixed roof storage 
tanks must operate with emergency pressure relief venting.  
 
Table 16 provides claims addressing the consideration to convert the storage tanks from fixed roof to 
external floating roof. 
 
Note, the alternative design option to install a closed-vent system to capture vapors from the 
conservation vents during periods where open venting currently occurs was only evaluated based on 
economic feasibility which is addressed in Section 4.3. No significant safety or technical infeasibility was 
determined for this option by JBE, based on a review of the details presented in the Petition for 
Rulemaking, Reconsideration, and Stay and supporting documents. 
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Table 14. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Seismic Activity (1) VMT sits in a highly 
active seismic zone with 
frequent earthquake 
activity. 
(2) The VMT resides in the 
Pacific Rim of Fire, which 
is one of the most active 
seismic zones on the 
planet. 
(3) Valdez is located in 
seismic zone 8.5. 

Claim Verified: Alaska's largest earthquakes, 
exceeding magnitude 8 and even 9, occur 
primarily in the shallow part of the subduction 
zone, where the crust of the Pacific Plate sticks 
and slips past the overlying crust. The VMT lies 
in this zone East of the Bering Sea, lying within 
the Gulf of Alaska. The occurrence of high 
seismic activity has been verified by data 
obtained by the Alaska Earthquake Center. 

(1) https://earthquake.alaska.edu/earthquakes/about 
(2) https://earthquake.alaska.edu/earthquakes/reports/monthly-report 
(3) https://seismic.alaska.gov/download/ashsc_meetings_minutes/mp160.pdf 

Seismic Activity (4) Fixed roof tank design 
with internal support 
structures is technically 
favored as compared to 
internal floating roof tanks 
due to seismic activity at 
the terminal location. 

Claim Verified: A 2011 paper on actual 
earthquake events in Japan details the failure 
of internal floating roofs by (1) direct damage 
to roof causing sinking of the inner floating 
roof, (2) pontoon fractures, and (3) indirect 
damage by liquefaction of soil (up to 3 days 
after earthquake) (Footnote 1). 
 
Design methods for floating roof tanks with 
seismic consideration were identified. As much 
consideration is given to special design cases, 
this supports the extreme cost stated by 
Alyeska to convert the tanks to IFR (Footnote 
2). 
 
Evidence of severe damage during earthquakes 
for single deck floating roof types. Damage 
included fire (Footnote 3). 
 
Continued on Next Page 

(1) On Damage of Oil Storage Tanks due to the 2011 off the Pacific Coast of Tohoku 
Earthquake (Mw9.0), Japan. S. Zama, H. Nishi, K. Hatayama, M. Yamada, H. Yoshihara 
& Y. Ogawa. National Research Institute of Fire and Disaster, Japan 
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_0238.pdf 
 
(2) The Twelfth East Asia-Pacific Conference on Structural Engineering and 
Construction A Simplified Method for Seismic Analysis of Tanks with Floating Roof by 
using Finite Element Method: Case Study of Kharg (Southern Iran) Island Tanks 
Mahmood Hosseinia, Amirhosseini Soroorb, Ali Sardarc, Farshid Jafariehd 
 
(3) Design Recommendations for Storage Tanks and Their Supports with Emphasis on 
Seismic Design (2010 edition). 
https://www.aij.or.jp/jpn/databox/2011/storagetanks2010edition.pdf 

 
 
 



 
 

40  

Table 14 Continued. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 
 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Seismic Activity (4 Continued) Fixed roof 
tank design with internal 
support structures is 
technically favored as 
compared to internal 
floating roof tanks due to 
seismic activity at the 
terminal location. 

Liquid Sloshing by Roof Type 
 
Fixed: When the sloshing wave reaches to 
roof plates in the fixed roof tank, the 
sidewall-to-roof joint is subjected to internal 
pressure. This pressure causes 
circumferential compression force in this 
joint and the bifurcation buckling with a high 
circumferential wave number may occur. The 
sidewall-top roof joint is usually designed to 
be weak from the viewpoint of the frangible 
roof joint. When an over pressurization 
occurs due to an ignition of flammable 
vapors existing inside tank, the sidewall-to-
roof joint is expected to fail before failure 
occurs in the sidewall-to-bottom joint. This is 
a design concept of the frangible roof joint. 
 
Internal Floating:  When the floating roof 
loses its buoyancy, it will sink into oil. "The 
floating roof tank was considered to be safer 
than the fixed roof tank, because only a seal 
fire might occur and a full surface fire as 
shown in Fig. 8 could not occur. However, 
when the floating roof sinks, the full surface 
fire possibly occurs. The full surface fire will 
be extinguished when oil burns out in a large 
AST. It will take several days" (Footnote 4). 

(4) Earthquake Damages and Disaster Prevention of Aboveground Storage Tanks 
Shoichi Yoshidaa. EPI International Journal of Engineering pISSN 2615-5109 
Volume 1, Number 2, August 2018, pp. 87-93 eISSN 2621-0541. DOI: 10.25042/epi-
ije.082018.14 
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Table 14 Continued. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 
 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Personal Safety Internal Floating Roofs (IFRs) require 
more maintenance in comparison to 
Fixed Roof Tanks (FRTs) due to IFRs 
requiring additional seals. 
 
"An internal roof structure must move 
up and down past the 61 roof support 
columns during tank filling and tanker 
loading. The floating roof must seal to 
the columns in a way that prevents 
vapor migration into the head space. 
The internal floating roof would 
require 61 seals, one for each column, 
as well as a roof-to-shell seal. Each of 
the 61-floating roof-column interfaces 
must have equal slip to ensure the roof 
rides evenly atop the liquid. Any 
deviation would result in loss of seal 
between the floating roof and the tank 
shell. A loss of this seal would result in 
vapor migration into the tank head 
space and could submerge the floating 
roof, requiring complete drain down 
and manned entry to remedy." 
 
"The internal floating roof solution is 
very challenging in design, installation, 
and maintenance. It has not been done 
to our knowledge in any tank with this 
number of columns. Workers would be 
required to enter the tanks more 
frequently to perform maintenance, 
which presents additional risk to 
worker safety." 

Partial Claim Verification: The design basis 
for requiring 61 roof support columns was 
verified with U.S. EPA guidance documents 
(Footnote 1). 
 
Based on vendor data, a seal would be 
required for each column (Footnote 2). 
 
"A loss of this seal would result in vapor 
migration into the tank head space and 
could submerge the floating roof, requiring 
complete drain down and manned entry to 
remedy." Based on engineering process 
knowledge, this scenario is plausible. 
However, JBE could not independently 
verify that the loss of column seal would 
often lead to roof submergence. Thus, the 
anticipated increase in maintenance due to 
this scenario is minimal. Confirmed this is a 
minimal risk with board member of API 
(Aboveground Storage Tanks Group). 

(1) Verification for number of roof support columns: Emission Factor 
Documentation for AP-42 Section 7.1 Organic Liquid Storage Tanks, Final 
Report. U. S. Environmental Protection Agency Office of Air Quality Planning 
and Standards Emission Factor and Inventory Group. 
https://www3.epa.gov/ttn/chief/old/ap42/ch07/s01/bgdocs/b07s01_1997.pdf 
 
(2) Peripheral and other seals are designed to remain in full contact with the 
mating tank components throughout the entire travel span of the IFR. Baker 
Tank Company / Altech. IFR General Design Specifications. 
https://www.bakeraltech.com/products/general-design-specifications.htm 
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Table 14 Continued. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 
 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Snow Load Annual snow fall in Valdez typically 
exceeds 300 inches, including a 
maximum of 561 inches in winter 
1989/1990. 

Claim Verified: Valdez, sitting in a fjord in 
Prince William Sound, is considered the 
snowiest town in the United States, 
averaging 300 inches per year. Further, the 
winter of 1989-1990 is the snowiest winter 
ever recorded in Valdez with an accumulated 
total 656.07 inches of snowfall. A one-day 
record was set on January 16, 1990, with 
45.7 inches of snowfall in just 24 hours.  
(Footnote 1). 

(1) Snowfall confirmed using mapping tool at the National Weather Service. 
https://www.weather.gov/aprfc/Snow_Depth 

Snow Load "The tanks support some of the 
highest snow loads of any crude oil 
tanks in North America, up to 200 
pounds per square feet. By 
comparison, the vast majority of Lower 
48 tanks' design snow load is 50 
pounds per square feet or less, and a 
significant majority is 20 pounds per 
square feet or less. 
 
The fixed roofs are supported by 61 
internal columns and a framework of 
girders and rafters to accommodate 
the extreme snow loads in Valdez and 
prevent collapse of the roofs. The tank 
walls support only a very small portion 
of the roof snow loads.  
 
(IFRs are) Impractical due to number of 
legs in tank needed to support fixed 
roof." 

Claim Partially Verified: Internal floating roof 
vendors with a load capacity of up to 1,000 
lb/ft2 were identified. However, vendor 
material review indicates this technology is 
limited to tanks of much smaller size than 
those at the VMT. Vendor Matrix Applied 
Technologies has a Matrix Full Contact IFR 
that can withstand snow loads up to 500 
lb/ft2, but this design is not available for 
tanks with a diameter over 100 ft. Whether 
or not any vendor has the ability to apply this 
type of design to a tank as large as the crude 
tanks at VMT is undetermined. Several 
vendors were contacted that were not able 
to meet this design criteria.  

(1) Matrix Applied Technologies Vendor Spec Sheets for Full Contact Internal 
Floating Roof Tanks 
https://www.matrixappliedtech.com/services/internal-floating-roofs/ 
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Table 14 Continued. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 
 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Use of Tank 
Vapors as Fuel 
Source 

"Retrofit of the crude tanks with an 
internal floating roof (“IFR”) design 
would eliminate most of the vapor 
supply to the VMT power plant 
because IFR tanks do not generate 
excess vapors. The need for onsite 
power generation was a principal 
reason that the VMT was designed 
with fixed roof tanks and a vapor 
collection system." 
 
"Currently, over 75% (heat input 
basis) of the boilers’ fuel consists of 
vapors captured from the 14 tanks 
and vapors generated while loading 
crude onto marine tanker vessels. 
The balance of the fuel burned in the 
boilers comes from diesel." 
 
"Retrofit of the crude tanks with an 
internal floating roof (“IFR”) design 
would eliminate most of the vapor 
supply to the VMT power plant 
because IFR tanks do not generate 
excess vapors." 

Claim Verified: With IFR tanks less vapor is available for 
capture/re-use as a combustion source because the floating 
roof suppresses vapors (Footnote 1). 
 
JBE performed an independent calculation to estimate and 
compare the vapors from a fixed roof and internal floating roof 
system, with findings as follows: 
 
•Alyeska’s VMT handles approximately 500,000 barrels per day 
of North Slope crude oil. This oil is stored in 14, 510,000-barrel 
fixed roof tanks equipped with vapor recovery. Vapors from 
the crude oil tanks may be used in the facility’s power boilers 
as fuel gas for onsite power generation, which offsets the need 
for supplemental diesel to be purchased (vapors may also be 
routed to thermal oxidizer or used for tank blanketing based 
on JBE's understanding of the facility configuration). 
 
•Each fixed roof storage tank has an uncontrolled emission 
rate of approximately 802 tons per year VOC. At 99.7% vapor 
recovery rate, the uncontrolled emissions total 2.4 tons VOC 
per year per tank. Therefore, about 800 tons VOC per year per 
tank, or 11,194 total tons per year of VOC, are recovered and 
used to power the boilers. 
 
•An internal floating roof storage tank would emit 
approximately 4.2 tons per year per tank uncontrolled. The 
total vapors able to be recovered would be about 59 tons per 
year total. This is a 99.5% decrease in vapors available, which, 
for the purposes of supplying fuel to the boiler system, would 
have to be made up for through supplemental/purchased fuel 
(Footnote 2). 

(1) AP 42 Tanks Section for Design Guidance: 
https://www3.epa.gov/ttn/chief/ap42/ch07/final/ch07s01.pdf 
 
(2) JBE developed tank emission workbook 
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Table 14 Continued. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to Internal Floating Roof 
 

Internal Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Supplemental 
Fuel Required in 
Boilers in IFR 
System  

"The nearby city of Valdez is very small with 
limited power capacity. So the designers of 
the VMT had to also include onsite power for 
the facility. Liquid fuel (diesel) is expensive 
and environmentally unfavorable, so the 
designers decided that fixed roof tanks with a 
vapor collection system that routed the 
vapors to the onsite power generation facility 
as fuel was the best solution. The power 
generation facility also provides the flue gas 
vital to avoiding explosive conditions in the 
tank." 
 
"Currently, over 75% (heat input basis) of the 
boilers’ fuel consists of vapors captured from 
the 14 tanks and vapors generated while 
loading crude onto marine tanker vessels. The 
balance of the fuel burned in the boilers 
comes from diesel." 

Claim Verified: For VOCs and HAPs, combusting vapors 
from the crude oil storage tanks compared to diesel is 
not significantly different in terms of air emissions from 
the boilers; however, the emissions of other criteria 
pollutants are more significantly impacted - most 
notably SO2 which increases when using diesel. 
Emissions of NOX and CO are also elevated when 
combusting diesel compared to tank vapors. Emission 
factors for diesel can be obtained from AP-42 and/or 
WEBFIRE. Emissions from the tank vapors are estimated 
using speciation data within the JBE tanks workbook(s). 

(1) AP 42 Chapter 1.3 - 
https://www3.epa.gov/ttn/chief/ap42/ch01/final/c01s03.pdf 
 
(2) JBE developed tank emission workbook 

Fire "The onsite power plant also provides inert 
gas (stack gas) to the VMT tanks as required 
to ensure that tank pressure does not drop 
below a safe pressure level causing the 
conservation vents to draw oxygen into the 
tanks, which would create an explosive 
atmosphere in the tanks." 

Claim Verified: Based on The Engineer's Guide to Plant 
Layout and Piping Design for the Oil and Gas Industries, 
"Inert gas systems are used to prevent the creation of 
flammable conditions inside equipment containing a 
flammable product, an example being the vapor space 
of storage tanks" (Footnote 1). 
 
Proper design configuration to minimize risk of explosive 
atmosphere was reviewed in both The Engineer's Guide 
to Plant Layout and Piping Design for the Oil and Gas 
Industries and Plant Design and Operations; the 
configuration at VMT is in line with best 
practices/industry standard in regard to utilizing an inert 
gas system to stabilize pressure within the crude oil tank 
farm (Footnote 1 and 2). 

(1) Geoff Barker, Chapter 4 - Piping and equipment basis for 
selection, 
Editor(s): Geoff Barker, The Engineer's Guide to Plant Layout 
and Piping Design for the Oil and Gas Industries, Gulf 
Professional Publishing, 2018, Pages 105-141, ISBN 
9780128146538 
 
(2) Ian Sutton, Chapter 1 - Safety in Design, Editor(s): Ian 
Sutton, Plant Design and Operations (Second Edition), Gulf 
Professional Publishing, 2017, Pages 1-34, ISBN 
9780128128831 
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Table 15. Alternative Design, Independent Validation: Removing Conservation Vents from Fixed Roof Atmospheric Tanks 

Conservation Vent Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Pressure 
Differential/Release 

"Conservation vents are required 
for safe operation of fixed roof 
tanks." 

Claim Verified: Based on tank design guidance documents and 
engineering process knowledge, fixed roof tanks are designed 
to either freely vent or equipped with a pressure/vacuum vent 
(such as the conservation vents on the VMT crude tanks which 
acts as a pressure relief device (PRD)). With a PRD installed, the 
tank operates at a slight internal pressure to prevent the 
release of vapors during changes in temperature, pressure, or 
liquid level. Emergency/safety vents such as the conservation 
vents provide increased vent flow capacity in the event of 
excessive pressure in the tank. 

(1) AP 42 Chapter 7: Liquid Storage Tanks - 
https://www3.epa.gov/ttnchie1/ap42/ch07/final/ch07s01.pdf 

Pressure 
Differential/Release 

The valves allow vapors to release 
to the atmosphere if pressure 
within the tank increases to +1.5 
inches of water column. This 
venting protects against failure of 
the tank frangible joint between 
the tank shell and roof. 
Conservation vents are a specific 
mandated aspect of the design 
criteria of API 650 tanks and are 
common to all atmospheric tanks. 

Claim Verified: Based on API Standard 650 for atmospheric 
tanks, Section 5.8.5, conservation vents are a specific mandated 
aspect of the design criteria of API 650 tanks. Further, API 
Standard 650, Appendix F instructs on how to calculate the 
maximum operating pressure allowable in order to provide a 
safe margin between the maximum operating pressure and the 
failure pressure, for tanks with a roof-to-shell attachment 
(Footnote 1). 

(1) API 650: Welded Tanks for Oil Storage, API Standard 650 
11th Ed, June 2007, Addendum 3: August 2011, Errata 
October 2011, Effective Date: February 1, 2012 
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Table 15 Continued. Alternative Design, Independent Validation: Removing Conservation Vents from Fixed Roof Atmospheric Tanks 
 

Conservation Vent Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Pressure 
Differential/Release 

"Because the VMT crude oil 
storage tanks are not 
pressure vessels, but instead 
are API 650 atmospheric 
tanks, their structural 
integrity is particularly 
sensitive to pressure changes 
within the vapor space of the 
tanks." 
 
"Due to the great surface 
area exposed within a fixed 
roof tank, even a small 
pressure differential above or 
below atmospheric level 
creates a large force on the 
tank surfaces. To protect the 
tanks from over- or under-
pressurization, the VMT tank 
roofs were fitted with 10 to 
11 conservation vents per 
tank that provide pressure 
safety relief." 

Claim Verified: Based on API Standard 650 for atmospheric 
tanks, Section 5.8.5.1, "Tanks designed in accordance with 
this Standard and having a fixed roof shall be vented for... 
conditions resulting from operational requirements, 
including maximum filling and emptying rates, and 
atmospheric temperature changes and emergency 
conditions" (Footnote 1). 
 
Based on Managing Storage Tank Pressure and Overfill 
Prevention, to properly manage pressure within a tank 
system, there are layers of vapor control. Within the first 
layer for outbreathing, vapors are routed to vapor recovery, 
during normal operations. To avoid rupture of the tank, in an 
emergency case, the second layer consists of venting to 
atmosphere. The first layer for inbreathing may include tank 
blanketing or oxygen in-pulling from the outside of the tank; 
the second layer should include emergency venting to 
atmosphere to avoid tank implosion. Bottom line - 
emergency venting for the type of crude oil tanks operating 
at VMT require emergency venting to atmosphere to avoid 
tank rupture or implosion. Further, API 2000 requires an 
emergency vent on the top of the roof for the "fire 
case"(unless a frangible roof option is selected). In a worst-
case scenario, without proper venting, the tank can lift off 
the ground (Footnote 2). 

(1) API 650: Welded Tanks for Oil Storage, API Standard 650 Eleventh 
Edition, June 2007, Addendum 3, August 2011, Errata, October 2011 
Effective Date: February 1, 2012 
 
(2) Managing Storage Tank Pressure and Overfill Prevention, Michael 
Calaway and Magnus Johansson, 2018.  
https://www.emersonautomationexperts.com/2018/safety/managing-
storage-tank-pressure-overfill-prevention/ 
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Table 15 Continued. Alternative Design, Independent Validation: Removing Conservation Vents from Fixed Roof Atmospheric Tanks 
 

Conservation Vent Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Cause of Emergency 
Release 

The underlying causes of pressure imbalances that 
trigger opening of a conservation vent include 
power outages, maintenance, and malfunctions of 
the vapor collection and distribution system. For 
example: electrical equipment associated with the 
vapor controls can experience a malfunction that 
shuts down the vapor control system; or 
equipment associated with the VMT onsite power 
generation can experience a malfunction that 
leads to a facility-wide power outage and the 
vapor control system loses power; or a vapor line 
valve to a tank may not function properly due to 
mechanical or electrical issues with the valve. 
Regardless of the cause, safe operation of the 
VMT tanks requires the ability to open the 
conservation vents when pressure levels are too 
high or low. 

Claim Verified: Based on engineering process 
knowledge, the listed examples of 
emergency scenario(s) upon which the 
conservation vents may be opened is in line 
with the types of unplanned events at a 
marine terminal. The need to open the 
conservation vents during emergency 
situations is discussed elsewhere within this 
table. Design configuration review is based 
on information provided in VMT's Title V Air 
Permit. Emergency considerations were 
reviewed as discussed in the United Nation's 
Safety Guidelines and Good Industry Practices 
For Oil Terminals and in Emerson's Managing 
Storage Tank Pressure and Overfill Prevention 
(Footnotes 1, 2, and 3). 

(1) Plant configuration review based on Title V Air Permit 
AQ0082TVP03 
(2) United Nations, Safety Guidelines and Good Industry 
Practices For Oil Terminals, 2015 
(3) Managing Storage Tank Pressure and Overfill Prevention, 
Michael Calaway and Magnus Johansson, 2018.  
https://www.emersonautomationexperts.com/2018/safety/ma
naging-storage-tank-pressure-overfill-prevention/ 
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Table 16. Alternative Design, Independent Validation: Conversion of Crude Oil Tanks from Fixed to External Floating Roof 

External Floating Roof Design 

Risk Category Alyeska's Claim Independent Verification Documentation Data Source(s) 

Technical 
Feasibility/Tank 
Integrity 

External floating roof tanks are used 
at many facilities. In this design, the 
roof rides on the tank liquid adjusting 
to changes in liquid level and 
removing all head space. A seal 
between the roof and the tank shell 
reduces vapor escape to the 
atmosphere. The topside of the 
external floating roof is open to the 
atmosphere. Such a tank is 
impractical in Valdez, Alaska, where 
average snowfall is over 300 inches 
per year. 

Claim Verified: External floating roofs may lose 
buoyancy and sink due to cold weather-related issues 
noted as: (1) due to damage to its floatation pontoons; 
(2) snow causing the roof to sink; (3) frost leading to the 
failure of a flange joint on the storm water drain; (4) 
heavy rain/snow accumulation resulting in tilting 
(Footnote 1). 
 
Based on the details above and a case study noted in 
Footnote 2, a substantial load such as the heavy snow 
fall experienced by the VMT crude storage tanks would 
result in roof sink. Thus, external floating roofs are not a 
technically feasible option for crude storage at the VMT 
(Footnote 2). 

(1) Moshashaei, Parisa & Alizadeh, Seyed Shamseddin & Khazini, Leila & 
Asghari-Jafarabadi, Mohammad. (2017). Investigate the Causes of Fires 
and Explosions at External Floating Roof Tanks: A Comprehensive 
Literature Review. Journal of Failure Analysis and Prevention. 17. 1-9. 
10.1007/s11668-017-0333-0 
 
(2) D. Ritsu, T. Masamitsu, An abnormal load was put on the roof, and it 
sank into the naphtha. Sinking of a floating roof due to inundating of 
pontoons and retained rainwater on the roof at a floating roof naphtha 
tank. Place Kurashiki, Okayama, Japan 
Location Refinery, (1987) - Electronic Source: 
http://www.shippai.org/fkd/en/cfen/CC1000167.html 
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The elements presented in Table 14 discuss why the proposed internal roof design would pose 
unacceptable risks from seismic activity, unacceptable personal safety considerations, would not be 
suitable from the perspective of handing snow loading, would complicate site fuel requirements and 
could add to site fire risks. Earthquake activity in the region is well documented as are the potential 
impacts earthquakes could have on the robust internals necessary to support an internal floating roof of 
the size required for the terminal’s crude oil storage tanks. By adding complex equipment inside the tank, 
the clear potential for internal maintenance is introduced and the safety risk posed by tank internal 
maintenance operations is well-documented as well.  
 
The fact that it could not be confirmed that a tank of this size could be designed with an internal floating 
roof in such a way that it could withstand the predicted potential snow loading is a significant problem 
with EPA’s proposed control system in this setting. It could be argued that because of these issues, the 
technology is not “available,” a long-standing EPA design criteria for when an enhanced control method 
could be prescribed. Finally, the improvements possible related to emissions as the terminal currently 
operates versus what would happen if the modifications were implemented are limited if any and 
emissions from some pollutants related to the operation of the boilers could actually be increased. A 
comparison between the current operations and the emissions from the floating roof tank is discussed in 
the next section.  
 
Table 15 addresses the implications posed by the elimination of conservation vents because they do not 
(by themselves) meet the requirement that all emissions for the tank must be controlled. From a safety 
perspective, it is clear that the operation of a fixed-roof tank without safety relief would not comply with 
industry tank design guidelines. This means effectively that adoption of the requirements as the 
regulation is currently written would mean that a fixed roof tank could only be used if the conservation 
vent system itself had a vapor recovery process, and only if that could be done to meet all design 
guidelines including fire relief. A design that provides adequate fire relief may not be readily available at 
present for a tank of this size. If the alternative control method (a floating roof tank approach) introduces 
more safety concerns and increases emissions over the current configuration, the need for a special 
stipulation seems well-supported. 
 
Table 16 reviews the vapor control implications related to the operation of an external floating roof tank, 
making the mostly obvious point that the operation of this control option in the terminal’s setting in 
Valdez is clearly impractical from a snow loading perspective. 
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4.2 Evaluation of Alternative Design Claims Pertaining to Human Health Impacts 

   
JBE used its tank emission tools to compare HAP emissions from the VMT’s current storage tank 
configuration and the alternative design scenario where the 14 crude oil, fixed roof storage tanks are 
converted to internal floating roofs. The same methodologies described in Section 2.1 of this report were 
used to estimate emissions from tanks modeled as internal floating roof tanks. As described in Section 
2.1, emissions of VOC were calculated using the methods outlined in AP-42 Chapter 7: Organic Liquid 
Storage Tanks, dated June 2020.21 To speciate HAPs, a crude assay for Alaska North Slope crude was used; 
a copy of the assay is provided in Appendix A. Using this speciation data, HAP emissions were estimated 
using a flash tool developed by JBE. Supporting calculations and data from the flash tool are provided in 
Appendix D. An emissions comparison for VMT’s current configuration and the alternative design scenario 
for internal floating roofs is provided in Table 17 and Table 18. 
 
The emissions from the fixed roof tanks (current configuration) were modeled using two approaches. For 
the emissions from the vapor control system, the traditional storage tank emissions methods of AP-42 for 
a fixed roof tank. Separately, the data provided by Alyeska for the single conservation vent opening event 
was used to estimate emissions that would from this based on the event frequency this data suggested. 
These two sets of results were added to form a total fixed roof tank emission value.   
 
The emissions from the potential internal floating roof tanks were assumed to be without vapor recovery 
because the regulation does not require this for this control method. Emissions from a floating roof tank 
result from two mechanisms: standing losses and working losses. 
 
The standing losses come from emissions that leak through the seal between the storage tank internal 
wall. These emissions occur whether the tank liquid level is static or changing. The emissions travel 
through small gaps between the seal and the tank internal wall that invariably open up over time. Tank 
operators periodically inspect the tanks for these gaps and when they reach a certain dimension, the seal 
must be repaired to close those gaps. The driving force for these emissions is daily temperature rise. 
 
The working losses result when the tank liquid level drops. As it does, the interior wall of the tank above 
the liquid level and the tank seal is coated with a thin layer of organic liquid that clings to it from its 
previous condition in contact with the liquid before this area was exposed to the tank internal vapor 
space. Tank vapors in this area will exceed the set point of the pressure/vacuum vents for the tank 
(typically it would have them) at some point and vapor emissions to the atmosphere would result. It 
should be noted that if the tank level stays the same or it drops as the tank is dispensing liquid for loading 
(downstream of the tank), there would be no working losses because no newly coated tank wall surface is 
exposed.  
 
Based on JBE’s calculation estimates, the VMT’s current configuration which includes venting to 
atmosphere for safety purposes emits less HAPs than if the tanks were to be converted to internal 
floating roof and no longer vent to atmosphere.

 
21 AP-42 Chapter 7, June 2020 Final Revision: https://www.epa.gov/air-emissions-factors-and-quantification/final-
revisions-ap-42-chapter-7-section-71-organic-liquid. 
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Table 17. VOC Emissions Comparison for Alternative Design Scenario 

Scenario 1: Vent Emissions Modeled as Uncontrolled Tank     
Parameter VOC Emissions, 

VMT "As Configured" 
VOC Emissions, 

Alternative Design 
Scenario - Convert 

Crude Oil Tanks from 
Fixed Roof to Internal 

Floating Roof 
  (tpy) (tpy) 

VOC Emissions from Tanks Without Venting: 31.24 59.9 
VOC Emissions from Conservation Venting to Atmosphere: 6.25 - 
Total VOC Emissions: 37.49 59.9 
      
Difference in Emissions: 37%   
Scenario 2: Vent Emissions Modeled Using Pressure Rise Method   
Parameter VOC Emissions, 

VMT "As Configured" 
VOC Emissions, 

Alternative Design 
Scenario - Convert 

Crude Oil Tanks from 
Fixed Roof to Internal 

Floating Roof 
  (tpy) (tpy) 

VOC Emissions from Tanks Without Venting: 31.24 59.9 
VOC Emissions from Conservation Venting to Atmosphere: 5.74 - 
Total VOC Emissions: 36.98 59.9 
      
Difference in Emissions: 38%   
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Table 18. HAP Emissions Comparison for Alternative Design Scenario 

Scenario 1: Vent Emissions Modeled as Uncontrolled Tank     
Parameter HAP Emissions, 

VMT "As Configured" 
HAP Emissions, 

Alternative Design 
Scenario - Convert Crude 

Oil Tanks from Fixed 
Roof to Internal Floating 

Roof 
  (tpy) (tpy) 

HAP Emissions from Tanks Without Venting: 0.46 0.88 
HAP Emissions from Conservation Venting to Atmosphere: 0.1 - 
Total HAP Emissions: 0.56 0.88 
      
Difference in Emissions: 36%   
Scenario 2: Vent Emissions Modeled Using Pressure Rise Method   
Parameter HAP Emissions, 

VMT "As Configured" 
HAP Emissions, 

Alternative Design 
Scenario - Convert Crude 

Oil Tanks from Fixed 
Roof to Internal Floating 

Roof 
  (tpy) (tpy) 

HAP Emissions from Tanks Without Venting: 0.46 0.88 
HAP Emissions from Conservation Venting to Atmosphere: 0.09 - 
Total HAP Emissions: 0.55 0.88 
      
Difference in Emissions: 37%   

 
 

4.3 Evaluation of Alternative Design Claims Pertaining to Economic Feasibility 
  
 
A high-level review of the economic claims made by Alyeska in relation to costs associated with 
implementing alternative design considerations to meet the compliance standards presented in the 2020 
OLD MACT are presented in this section. In the opinion of JBE, the costs presented by Alyeska for each 
alternative option are of an appropriate order of magnitude. Consequently, Alyeska’s claim that the 
overall high cost for conversion to internal floating roof control is economically infeasible was judged to 
be justifiable but is limited based on JBE’s inability to access the details of these calculations. Those 
calculations are presumed to be in engineering and cost studies that were referenced by Alyeska in their 
Petition to Stay. Those studies were requested for this review but not provided by Alyeska. The scope of 
this review did not include an effort to independently develop these calculations.  
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4.3.1 Economic Feasibility to Convert Fixed Roof Tanks to Internal Floating Roof 

 
 
Summary of Costs Presented by Alyeska 
 
Based on a referenced 2011 study, updated in 2016, Alyeska reported an estimated probable cost to 
convert its 14 fixed roof storage tanks to internal floating roofs of approximately $300 million (now 
escalated to 2021 USD).22 A breakdown of the cost basis provided in the petitions is as follows: 
 

 Engineering/Design: $40.3 million 
 

 Materials: $42.8 million 
 

 Construction/Implementation: $119 million 
 

 Escalation: $92.4 million23,24 
 

 
The estimated cost includes the following: 
 

 Installing the internal floating roofs themselves 
 

 Floating roof decks 
 

 Pontoons and seals 
 

 Wind girders 
 

 Instrumentation 
 

 Paint/coating 
 

 Replacement of the fire foam system in each tank 
 

 New vapor recovery and destruction system at the loading berths due to loss of the storage tanks 
as a source of vapor balancing during ship loading  
 

 Additional diesel as a result from loss of the storage tanks as a source of fuel for the terminal 
power boilers 
 

 
22 Cost estimate is Class 5 (accuracy of +100%/-50% meaning costs could be $150 million to $600 million). 
 
23 Attachment 8, Declaration of Michael J. Malvick, Alyeska Engineering VI Lead to USCA Case #20-1342, Document 
#1865385, Filed 10-7-2020. 
 
24 All values provided in 2021 USD. 
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 Additional controls on the boilers as a result of burning liquid fuels 
 
 
Limitations 
 
At the time of this report, JBE did not have access to the underlying cost data including the original 2011 
study or the updated 2016 study referenced in Attachment 8 to the October 7, 2020, Motion to Stay filed 
in the D.C. Circuit. As such, the assessment of determining whether $300 million (2021 USD) is a 
reasonable estimate is qualitatively based on historic project knowledge of JBE staff obtained by working 
on similar projects in the oil and gas sector, and this opinion is not supported by any detailed calculations 
performed by JBE under the scope of this review.  
 
 
Economic Opinion 
 
Without documentation to support the analysis performed by Alyeska or the analysis performed as part 
of the OLD economic review, the actual cost to construct what would be required to comply with the rule 
cannot be reliably determined. JBE’s best impression is that the cost would be significantly higher than 
the U.S. average if for no other reason than the remote location and harsh environmental conditions to 
construct an industrial project. Thus, based on the collective historic project experience of the JBE team, 
the estimated cost of $300 million (2021 USD) for the conversion of 14 fixed roof storage tanks to internal 
floating roof tanks is reasonable given the following: extremely large tank size of 62 feet in height with 
250 feet diameter each; seismic activity considerations; additional external force considerations due to 
annual snow load; seasonal construction timing; remote location; and enhanced timeline to avoid gap in 
compliance schedule per rule timeline.  
 
As a comparative benchmark, Table 4 to the National Impacts of the 2020 Risk and Technology Review 
Final Rule for the Organic Liquids Distribution (Non-Gasoline) Source Category, and Economic Impact and 
Small Business Analysis for the Final Organic Liquids Distribution (Non-Gasoline) (OLD) Risk and 
Technology Review (RTR) NESHAP was reviewed. This table is shown below for reference. In a July 2019 
EPA memorandum, it is stated that the cost of $2.47 million (2016 USD) represents the total average cost 
for a facility to potentially implement the 2020 OLD MACT updates.25 Based on the remote location of the 
VMT, severe weather climate, seasonal construction season, large tank size, and shortened project 
timeline to meet compliance dates, the implementation of the March 12, 2020, OLD MACT updates as 
written would greatly exceed the EPA estimated cost of $2.47 million (2016 USD) (equals $2.82 million 
(2021 USD)).26 
 
 
 
 

 
25 EPA Docket No. EPA-HQ-OAR-2018-0074, July 11, 2019, Economic Impact and Small Business Analysis for the 
Proposed Organic Liquids Distribution (OLD) Risk and Technology Review (RTR) NESHAP. Larry Sorrels, Economist 
U.S. EPA/OAQPS/HEID/AEG (C439-02). 
 
26 2016 USD adjusted to 2021 USD using an inflation rate of 14.3% based on the US inflation calculator. 
https://www.usinflationcalculator.com/. 
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Table 19. Excerpt from EPA’s National Impacts of the 2020 Risk and Technology Review to OLD MACT  

Table 4 - Summary of Costs of Final Amendments by Equipment Type, in Millions27 
[2016 USD] 

Equipment type Capital cost 

Total 
annualized cost 
(without annual 

recovery 
credits) 

Annual 
recovery 
credits28 

Total annualized cost 
(with annual 

recovery credits) 

Storage tanks 2.28 0.29 0.17 0.12 
Tank Degassing 0 0.42 N/A 0.42 
Flares 0.19 0.36 N/A 0.36 
Deletion of 240-hr 
exemption for control 
device maintenance during 
transfers (Transfer racks) 

0 0.88 N/A 0.88 

Total 2.47 1.95 0.17 1.78 
 
 
 

4.3.2 Economic Feasibility to Install a Closed-Vent System on Existing Conservation Vents 
 
 
Summary of Costs Presented by Alyeska 
 
Currently, during normal operations, the crude oil storage tanks utilize a closed vent system to route to a 
vapor collection system; venting is only uncontrolled during emergency, unplanned events. Alyeska 
considered two design options for evaluating the possibility of installing a redundant capture system to 
collect vapors from the conservation vents during periods where open venting currently occurs.  
 
Option 1 involves the installation of a redundant closed vent system on each tank that would be used 
when there was a problem with a valve that controls the flow of vapors from a tank to the main closed 
vent system. New equipment includes piping to each tank with tie ends to existing vapor collection 
system, motorized valves, and an external rack system (operated to withstand seismic events, snow 
loading, and thermal expansion/contraction). Option 1 uses existing compressors. Note, this option would 
not address problems that occur downstream from the tanks such as the compressors that move the 
vapors to the control devices or the control devices themselves. Further, during power outages, venting 
to atmosphere would still occur. 
 
A breakdown of the cost basis for Option 1, provided in the petition, is as follows: 
 

 Engineering/Design: $3.3 million 

 
27 Table 4 to National Impacts of the 2020 Risk and Technology Review to OLD MACT. 
https://www.federalregister.gov/documents/2020/07/07/2020-05900/national-emission-standards-for-hazardous-
air-pollutants-organic-liquids-distribution-non-gasoline. 
 
28 This estimate reflects the total annualized costs without product recovery as a credit.  
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 Materials: $7.4 million 

 
 Construction/implementation: $35.3 million 

 
 Contingencies/escalation: $13.9 million 

 
 
Option 2 includes the installation of a redundant vapor recovery system while incorporating a new vent 
collection system (option one), but more involved with the addition of tank flange connections, two 
compressors, one incinerator, high- and low-pressure knockout drums (2 each), two pumps, vent gas 
coolers, major and utility piping, pipe rack supports, instrumentation, control valves, and a structure for 
the new compressors and pumps. Alyeska proposed a total cost of $125 million (2021 USD), broken down 
as follows: 
 

 Engineering/Design: $6.8 million 
 

 Materials: $34 million 
 

 Construction/implementation: $54.4 million 
 

 Contingencies/escalation: $28.5 million 
 
 
Limitations  
 
As previously stated, JBE did not have access to the underlying cost data including the original 2011 study 
or the updated 2016 study referenced in Attachment 8 to the October 7, 2020, Motion to Stay filed in the 
D.C. Circuit. As such, the assessment of determining whether the cost estimates for Option 1 and Option 
2 are reasonable are qualitatively based on historic project knowledge of JBE staff obtained by working on 
similar projects in the oil and gas sector.  
 
 
Economic Opinion for Option 1 
 
Option 1 creates a new low-pressure header that would tie into the existing vapor collection system. This 
option would eliminate venting caused when a vapor valve to a specific tank malfunctioned but would not 
change venting to atmosphere caused by a power outage. As this option would only reduce a portion of 
the venting to atmosphere, evaluating the cost on a ton pollutant removed per dollar spent was 
estimated.  
 
The total time the conservation vents currently route to atmosphere is inconsistent year on year due to 
the unplanned nature of the release events. As such, the total emission of HAPs from the vents also 
varies. Thus, the worst-case emissions from Table 1 - Vapor Volume Capture Efficiency Compared to 
Uncontrolled Tank Venting to Attachment 2 to the October 7, 2020, Motion to Stay filed in the D.C. Circuit 
were used for this estimate. Table 1 provides emissions from 2005 to 2020, with year 2014 having the 
highest emission rate at 9.44 tpy of HAPs released from the vents. The reasoning for venting to 
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atmosphere is not provided in the Motion to Stay or the supporting documents to the motion. As such, 
the portion of venting that typically occurs due to power outage versus valve malfunction is unknown. 
Conservatively, then, the total estimated cost of Option 1 is divided by the total HAP emission of 9.44 tpy. 
This equates to an expenditure of over $6 million per ton HAP removed in a worst-case year. Based on 
the estimated cost to implement the 2020 OLD MACT revisions shown in Table 19 to this report, 
established economic feasibility thresholds established by EPA through the Prevention of Significant 
Deterioration (PSD) program, and an informal sense of the cost breakpoint at which economic infeasibility 
is realized, Option 1 is not economically feasible for the level of HAP control gained. 
 
 
Economic Opinion for Option 2 
 
Option 2 essentially provides a full-time backup vapor collection system and would reduce all 
conservation venting except for periods caused by a complete power outage. This option includes the 
header system described in Option 1, but instead of utilizing the existing compressors and other 
components of the vapor system, Option 2 would add new compressors and an additional incinerator. As 
this option is technically feasible and has no apparent safety issues, the feasibility comes down to 
whether the costs are reasonable for the level of control gained.  
 
As described previously, the total time the conservation vents currently route to atmosphere is 
inconsistent year on year due to the unplanned nature of the release events. Thus, as done for the Option 
1 analysis, the worst-case emissions for venting as provided in Table 1 - Vapor Volume Capture Efficiency 
Compared to Uncontrolled Tank Venting to Attachment 2 to the October 7, 2020, Motion to Stay filed in 
the D.C. Circuit was used for this estimate. Conservatively, year 2014 was used as this year has the 
highest HAP emission rate from 2005 to 2020. The total estimated cost of Option 2 is divided by the total 
HAP emission rate of 9.44 tpy. This equates to an expenditure of over $13 million per ton HAP removed in 
a worst-case year. Based on the estimated cost to implement the 2020 OLD MACT revisions shown in  
Table 19 to this report, established economic feasibility thresholds established by EPA through the PSD 
program, and an informal sense of the cost breakpoint at which economic infeasibility is realized, Option 
2 is not economically feasible for the level of HAP control gained. 
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5.0  TITLE V AIR PERMIT REVIEW 
 
 
For this analysis, draft Title V Air Permit Number AQ0082TVP03 issued May 31, 2017, was reviewed. At 
the time of review, this was the most current version of the Title V available. The focus of the Title V 
review centers around the following: 
 

 Level of regulatory obligation to manage releases of HAPs from the conservation vents; 
 Controls during planned maintenance; and  
 Work practices for emptying and degassing storage tanks. 

 
Additionally, the control of HAPs through measures to reduce VOCs is addressed.  
 
 
Regulatory Obligation to Manage Releases of HAPs from the Conservation Vents  
 
Each of the 14 fixed roof storage tanks (EU IDs 29 through 42, as listed in the Title V) is equipped with a 
conservation vent (also referred to as a PRD). To prevent structural damage caused by under or over-
pressurization of the tanks, the conservation vents are designed to open and vent to atmosphere.  
 
When tank pressure reaches the set point of the conservation vents, venting begins; this occurs when the 
internal pressure of any single crude oil storage tank is at or greater than 1.5-inch water column. During 
venting, vapors are released to the atmosphere to ensure the pressure or vacuum does not reach the 
structural threshold of the tank. Venting ends when that tank’s internal pressure is less or equal to 1.2-
inch water column, which provides indication that that vent valves have all closed. The conservation vents 
are designed to close once pressure returns to the set range; no manual closure or other manual action is 
required. 
 
The Title V requirements governing the operation of the conservation tanks are provided in Table 20. 
Following this table, a discussion on the adequacy of environmental oversight on the conservation vents 
is provided.  
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Table 20. Title V Permit Number AQ0082TVP03 Requirements for Conservation Vents 

 
Permit Section Requirement 

Number 
EU ID(s) Regulatory 

Citation(s) 
Permit Language 

Section 3 - State Requirements 19 29 - 42 18 AAC §50.040(j) 
and §50.326(j); 
40 CFR §71.6(a)(1) 

The Permittee shall not cause or allow EU IDs 29 through 
42 to vent to atmosphere. For purposes of this permit, 
venting begins when the internal pressure of any crude oil 
storage tank is at or greater than 1.5-inch water column. 
Venting ends when that tank’s or the last tank’s (if 
multiple tanks are venting) internal pressure is less or 
equal to 1.2 inch water column, which indicates that vent 
valves have all closed. 

Section 3 - State Requirements 19.2 29 - 42 18 AAC §50.040(j) 
and §50.326(j); 
40 CFR §71.6(a)(1) 

Operate and maintain at least one pressure-sensing device 
on each crude oil storage tank in a manner that provides 
accurate, reliable readings of the tank’s internal pressure. 

Section 3 - State Requirements 19.3 29 - 42 40 CFR §71.6(a)(1) 
and (3) 

Continuously monitor the pressure of each crude oil 
storage tank. Perform and document annual verification of 
system condition and operability of all crude tank pressure 
recorder/controllers. 

Section 3 - State Requirements 19.5 29 - 42 40 CFR §71.6(a)(3) 
and (c)(6) 

Report in accordance with Condition 70 for any venting to 
the atmosphere from the crude oil storage tanks, EU IDs 
29 through 42. 

Section 4 - Federal Requirements 37.2 29 - 42 40 CFR §71.6(a)(1); 
40 CFR 63.2346(i), 
Subpart EEEE 

Opening of a safety device is allowed at any time that it is 
required to avoid unsafe operating conditions. 
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The legal authority for EPA to regulate PRDs that vent to atmosphere is addressed under Sections 
112(d)(2) and (3) and 112(h) to the CAA. To evaluate EPA's current view on work practice standards for 
PRDs that vent to atmosphere, reviewing other MACT standards helps determine the industry standard 
for HAP minimization. Based on the final rule language for both the Refinery Sector Rule (40 CFR 63, 
Subpart CC) and the Ethylene MACT (40 CFR 63, Subpart YY), EPA's current view on work practice 
standards is evident. Work practice standards for operating PRDs that vent to atmosphere include the 
following: 
 

 Continuous monitoring;29 
 

 Notification system(s), with operator notification being key;30 
 

 Root cause analysis completed after release event;31 
 

 Corrective action analysis;32 
 

 Redundant prevention measures;33 
 

 Release reporting; and, 
 

 Election to reduce atmospheric venting to a predetermined set of hours per year. 
 
Based on JBE's current understanding of operations, the following work practice standards are currently 
in practice at the VMT: 
 

 A definitive pressure range for when venting to the atmosphere occurs has been established. This 
is critical for (1) knowing exactly when venting starts and ends and (2) being able to accurately 
report potential deviations from an established work practice standard. Title V Specific 
Requirement 19 fully addresses this.  
 

 Monitoring is continuous and recorded through Alyeska's Process Instrumentation (PI) historian 
system. Monitors identify the pressure release event and record the time and duration of each 
release. Title V Specific Requirements 19.2 and 19.3 specify this.34 
 

 Release reporting is required by Title V Specific Requirement 19.5. 

 
29 see 40 CFR §63.1107(h)(3)(i) for example. 
 
30 Ibid. 
 
31 see 40 CFR §63.1107(h)(3)(iii) through (v) for example. 
 
32 see 40 CFR §63.1107(h)(6) and (7) for example. 
 
33 see 40 CFR §63.1107(h)(3)(ii) for example. 
 
34 Continuous monitoring verified by Alyeska personnel on 10-19-21 call with PWSRCAC and JBE. 
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While it is clear that the VMT incorporates continuous monitoring, notification systems, and release 
reporting into their work practices for the conservation vents, there are several unknowns based on JBE’s 
review of public datasets reviewed as part of this project. Each of these unknowns, related to the 
conservation vents, is summarized below. 
 

 Whether operators are immediately notified upon venting and the exact operator procedure for 
when venting starts is unknown.  
 

 Unknown if root cause and corrective action analyses are incorporated into Alyeska's current 
practices (though not regulatorily required). 

 
 Unknown if reductant prevention measures are in place to minimize venting to the maximum 

extent possible. 
 
Moving to a stricter standard, Alyeska could elect to incorporate the following additional practices (if not 
already in place): conduct root cause and corrective action analyses after release events, evaluate the use 
of redundant prevention measures, and/or elect to vent to atmosphere only during a predetermined set 
of hours on an annual basis.  
 
 
Controls During Planned Maintenance 
 
Periods of planned routine maintenance of a control device used to control storage tanks, during which 
the control device does not meet the emission limits specified in Title V Specific Requirement 37.1, must 
not exceed 240 hours per year. The emission limits as provided in condition 37.1 are shown below for 
reference. 
 

 Reduce emissions of total organic HAP (or, upon approval, TOC) by at least 95 weight-percent or, 
as an option, to an exhaust concentration less than or equal to 20 parts per million by volume 
(ppmv), on a dry basis corrected to 3% oxygen for combustion devices using supplemental 
combustion air, by venting emissions through a closed vent system to any combination of control 
devices meeting the applicable requirements of Condition 38; OR 
 

 Comply with the requirements of Condition 38.4 for routing emissions to a fuel gas system or 
back to a process. 

 
 
Other than limiting the number of hours planned routine maintenance operations can be uncontrolled, 
the Title V does not further address this topic. Table 21 provides the Title V regulatory requirements 
pertaining to controls during planned maintenance.
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Table 21. Title V Permit Number AQ0082TVP03 Requirements for Controls During Planned Maintenance 

Permit Section Requirement 
Number 

EU ID(s) Regulatory 
Citation(s) 

Permit Language 

Section 4 - 
Federal 
Requirements 

37.15 29 - 42 40 CFR 
§71.6(a)(1); and 
§63.2378(c), 
Subpart EEEE 

Periods of planned routine maintenance of a control device used to control storage 
tanks, during which the control device does not meet the emission limits in Condition 
37.1, must not exceed 240 hours per year. 

Section 4 - 
Federal 
Requirements 

37.16 29 - 42 40 CFR 
§71.6(a)(1); and 
§63.2378(d), 
Subpart EEEE 

If you elect to route emissions from storage tanks to a fuel gas system or to a process, as 
allowed by Condition 38.2, to comply with the emission limits in Condition 37.1, the total 
aggregate amount of time during which the emissions bypass the fuel gas system or 
process during the calendar year without being routed to a control device, for all reasons 
(except SSM or product changeovers of flexible operation units and periods when a 
storage tank has been emptied and degassed), must not exceed 240 hours. 

Section 4 - 
Federal 
Requirements 

38.8(k)(ii) 29 - 42 40 CFR 
§63.998(d)(2)(i) 
& (ii); 

Storage vessel and transfer rack records. An owner or operator shall keep readily 
accessible records of the information specified in Conditions 38.8.k(i) and 38.8.k(ii), as 
applicable. 
 
(ii) A record of the planned routine maintenance performed on the control system during 
which the control system does not meet the applicable specifications of Condition 38.3.a 
or 38.5.a, as applicable, due to the planned routine maintenance. Such a record shall 
include the information specified in Conditions 38.8.k(ii)(A) through 38.8.k(ii)(C). This 
information shall be submitted in the Periodic Reports as specified in Condition 
38.9.b(iii). 
 
(A) The first time of day and date the requirements of Condition 38.3.a or 38.5.a, as 
applicable, were not met at the beginning of the planned routine maintenance, and 
(B) The first time of day and date the requirements of Condition 38.3.a or 38.5.a, as 
applicable, were met at the conclusion of the planned routine maintenance. 
(C) A description of the type of maintenance performed. 
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Work Practices for Emptying and Degassing Storage Tanks 
 
Practices for emptying and degassing storage tanks are not explicitly addressed in the Title V. The only 
mention of “tank degassing” occurs in reference to the hours performed for periods when a storage tank 
has been emptied and degassed being exempt from the 240 hours per year storage tank emissions can 
route to a fuel gas system or process to comply with achieving the OHAP emission limitations specified in 
Title V Specific Requirement 37.1.  
 
The most recent example of EPA regulating the practice of “tank degassing” occurs in the 2020 updates 
to the Ethylene MACT (40 CFR 63, Subpart YY). Language excerpted from 40 CFR §63.1103(e)(10) is 
provided for context below. 

“During storage vessel shutdown operations…until the vapor space concentration in the storage 
vessel is less than 10 percent of the lower explosive limit (LEL), …the owner or operator must 
determine the LEL using process instrumentation or portable measurement devices and follow 
procedures for calibration and maintenance according to manufacturer's specifications.  

o Remove liquids from the storage vessel as much as practicable.  
 

o Comply with one of the following: Reduce emissions of total organic HAP by 98 weight-
percent by venting emissions through a closed vent system to a flare……. through a closed 
vent system to any combination of non-flare control devices……or to a fuel gas system or 
process. 

 
o Maintain records…including, if appropriate, records of existing standard site procedures 

used to empty and degas (de-inventory) equipment for safety purposes.” 

 

Reducing HAPs via the Reduction of VOCs 
 
The term “organic” in volatile organic compounds (VOC) means the pollutant is based on tetravalent 
carbon. “Volatile” simply means the chemical evaporates to some extent at standard temperature and 
pressure (due to a high vapor pressure at room temperature). At a given temperature and pressure, a 
substance with high volatility is more likely to exist as a vapor, while a substance with low volatility is 
more likely to be a liquid or solid. VOCs are a concern because when they are released into the 
atmosphere, they react with nitrogen oxides (NOX) to form ozone. Ozone is known to cause adverse 
human health effects, but also to reduced agricultural crop and commercial forest yields.35 
 
Many HAPs are also classified as a VOC; however, since not all VOCs are hazardous, not all hazardous 
materials are VOCs. The current list of HAPs contains 187 compounds.36 Table 22 shows a list of potential 
chemical compounds emitted from operations at the VMT and provides their designation as a VOC and/or 
HAP. 

 
35 Effects of Ground Level Ozone: https://www.iowadnr.gov/Environmental-Protection/Air-Quality/Air-
Pollutants/Effects-Ozone. 
 
36 EPA List of HAPs: https://www.epa.gov/haps/initial-list-hazardous-air-pollutants-modifications. 
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Table 22. Overlap of VOCs and HAPs Present at VMT 

Pollutant CAS Number HAP? VOC? 

1,3-Butadiene 106-99-0 Yes Yes 

n-Hexane 110-54-3 Yes Yes 

Benzene 71-43-2 Yes Yes 

Toluene 108-88-3 Yes Yes 

2,2,4-TMP 540-84-1 Yes Yes 

Ethylbenzene 100-41-4 Yes Yes 

o-Xylene 95-47-6 Yes Yes 

Cumene 98-82-8 Yes Yes 

Naphthalene 91-20-3 Yes Yes 

Formaldehyde 50-00-0 Yes Yes 

1,1,1-Trichloroethane 71-55-6 Yes Yes 

Acenaphthene 83-32-9 Yes * 

Acenaphthylene 208-96-8 Yes * 

Anthracene 120-12-7 Yes * 

Benz(a)anthracene 56-55-3 Yes * 

Benzo(b,k)fluorathene 207-08-9 Yes * 

Benzo(g,h,i)perylene 191-24-2 Yes * 

Chrysene 218-01-9 Yes * 

Dibenzo(a,h)anthracene 53-70-3 Yes * 

Fluoranthene 206-44-0 Yes * 

Fluorene 86-73-7 Yes * 

Indeno(1,2,3-cd)pyrene 193-39-5 Yes Yes 

Phenanthrene 85-01-8 Yes * 

Pyrene 129-00-0 Yes Yes 

        
* Semi-volatile organic compounds (SVOCs) are a subgroup of VOCs that tend to have a higher molecular weight 
and higher boiling point temperature. 

 
 
 
The current Title V governing operations at the VMT regulates the emission of HAPs by regulating VOCs. 
The regulation of VOCs in the current Title V are summarized below for reference. 
 

 Working loss and breathing loss vapors from the crude oil storage tanks (EU IDs 29 – 42) are 
collected and combusted in either the power boilers or the waste gas incinerators (EU IDs 1 - 6).37 
 

 VOC emissions from the TBP system are limited to 18.5 tons of VOC per consecutive 12-month 
period (EU IDs 18-28, Specific Requirement 20). This equates to a limit of HAPs of 0.52 tons over 

 
37 Specific Requirement 19.1 to Title V Air Permit No. AQ0082TVP03. 
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the consecutive 12-month period. This limit was introduced to avoid PSD for VOC. This limit is 
achieved by limiting the following: 
 

o Hours of operation for both the TBP and associated boilers limited to 4,368 hours per 12-
month consecutive period; 

o Processing rate through the TBP system is limited to 130,000 bbl (not including water) 
per consecutive 12-month period; 

o Controlling VOCs by combusting hydrocarbon vapors emitted from the TBP system in the 
internal combustion engines with catalytic converters or by reducing vapors using a 
carbon adsorption bed system (EU ID 28); 

o Only routing emissions to the dryer when dryer temperatures are above 100°F; and 
o Maintaining the TBP system process under negative pressure, relative to atmospheric 

pressure when in operation. 
 

 The VMT elects to treat VOCs from ballast water by routing the exhaust from the wastewater air 
strippers (EU IDs 75 – 78) to one of two regenerative thermal oxidizers (EU IDs 79 and 80).38 
Based on the construction year of VMT’s thermal oxidizers, 2008, it is expected the VOC capture 
rate for the oxidizer is 95% or greater.39 An equal rate of capture for HAPs would be expected. 
 

 Emissions of VOC and HAP from the loading berths must be captured at a rate of at least 98 
weight-percent (EU IDs 47 – 50). Other than under a maintenance allowance, no marine loading 
can occur without routing emissions through the VMT vapor collection system.40 

 
 
 
Conclusion of Findings 
 
Based on a review of the current Title V and process knowledge, emissions of HAPs from the VMT are 
overall low compared to operations from other industrial sectors in the United States. The VMT has 
strong work practice standards and operational restrictions in place to ensure the environmental safety of 
plant personnel and the surrounding communities, such as Valdez, to the site. 
 
To further enforce the regulation of HAPs from the VMT, the additional practices outlined below could be 
considered, noting the extent to which these practices are already in place (though not required by the 
Title V) is not known by JBE. 
 

 Conservation Vents on Crude Oil Storage Tanks: Consideration of additional practices: 
 

o Root cause and corrective action analyses after release events 
o Use of redundant prevention measures 

 
38 Specific Requirement 28 to Title V Air Permit No. AQ0082TVP03. 
 
39 Regenerative thermal oxidizer vendor literature on VOC capture rate: http://www.gcesystems.com/regenerative-
thermal-oxidizers.html. 
 
40 Specific Requirement 36.5 to Title V Air Permit No. AQ0082TVP03. 
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o Election to vent to atmosphere only during a predetermined set of hours, on an annual 
basis  

 
 
 

 Emptying and Degassing Storage Tanks: Consideration of additional practices: 
 

o Establish and permit elective work practice standards pertaining to the emptying and 
degassing of storage tanks 

o Strongly consider routing to a control device (e.g., one that is brought to the site as a 
portable package unit) or fuel gas system during degassing 

 
Last, the PTE calculation for the uncontrolled tanker loading maintenance allowance is of note. The 
calculation is provided in the 2016 Title V Air Permit Renewal Application and shows the PTE of 388 tpy 
VOC and 10.9 tpy HAPs. It is unclear the number of maintenance events per year and the duration of each 
event. Without this additional information, the short-term emission of HAPs is unknown. As the emission 
of HAP is elevated during this scenario, future research into the hourly emission rate of HAPs to the 
Valdez community during maintenance could be warranted.  
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6.0 CONCLUSIONS 
 
 
In summary, the claims made by Alyeska related to health and safety, technical feasibility, and economic 
feasibility presented in its public correspondence with EPA related to the 2020 updates to the OLD MACT 
were independently validated within this report and the supporting appendices. Overall, it is the opinion 
of JBE that Alyeska, in their appeal of the 2020 OLD MACT rule, appropriately represented the 
environmental impacts incurred due to operations at VMT. Further, Alyeska has demonstrated that its 
current configuration already achieves the level of HAP reduction the 2020 OLD MACT updates seek. 
Conclusions are provided below, organized by main objective identified in Section 1.3 to this report. 
 
 

 Independent Evaluation of HAP Air Releases from the VMT: HAP emissions from the vapor 
recovery system, storage tank conservation vents, and other sources not covered by the OLD 
MACT were quantified and compared to those values represented by Alyeska in the Petition for 
Rulemaking, Reconsideration, and Stay. The emissions developed by JBE were slightly less than 
those presented by Alyeska in the Motion to Stay and in the air permit applications submitted 
historically. Thus, Alyeska’s overall representation of HAPs released from the VMT is complete, 
accurate, and conservative. 
 

 Comparative Analysis Evaluating VMT HAP Emissions “As Configured” versus 2020 OLD MACT 
Implementation: HAP emissions from the 14 fixed roof storage tanks controlled by vapor 
recovery were calculated, inclusive of emissions from the tank conservation vents using JBE 
created tank emission tools. Next, HAP emissions from the 14 storage tanks were calculated for 
the scenario that the tanks were converted from fixed roofs to internal floating roofs, where no 
conservation venting occurs – to represent one scenario of VMT compliance with the 2020 OLD 
MACT. Upon comparison, JBE’s calculations demonstrate that VMT’s current configuration emits 
less HAPs than a configuration where the 14 fixed roof storage tanks are converted to internal 
floating roofs. Thus, the suggestion by Alyeska to request EPA to allow a work practice standard 
for the conservation venting to atmosphere is reasonable.  
 

 Health Risk Evaluation: The health risks to residents of Valdez, Alaska, posed by the uncontrolled 
releases of HAPs from the conservation vents and residual uncontrolled sources at the VMT, not 
addressed by the OLD MACT were calculated in a JBE created workbook. HAP releases from VMT 
were modeled using EPA’s SCREEN3 Model with a focus on benzene. As demonstrated in Section 
3, the benzene concentration released by the VMT, in its current as-built configuration, is below 
appropriate short and long-term health limits. Overall, the health risk for HAP exposure to Valdez 
and surrounding communities is low and does not pose unacceptable long term adverse human 
health impacts based on the SCREEN3 model results. 
 

 Alternative Design Assessment: The safety, environmental, engineering, and economic 
considerations presented by Alyeska in reference to reconfiguring the existing crude oil tank farm 
to comply with the 2020 OLD MACT with internal floating roof or external floating roof tanks 
were evaluated. Neither of these two alternatives include the requirement for vapor recovery to 
the floating roof itself because this is not required by the regulation. Vapor recovery for an 
external floating roof tank is not feasible.  
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This report concludes the alternative design assessments presented by Alyeska offer no added 
benefit in regard to safety, environmental, or engineering aspects as compared to the current 
configuration of the VMT. 

 
 Title V Air Permit Review: The VMT’s Title V Air Permit was reviewed to evaluate the level of 

regulatory obligation to manage releases of HAPs from the conservation vents, controls during 
planned maintenance, and work practices for emptying and degassing storage tanks. EPA’s 
regulatory approach to control of emissions from storage tanks has undergone a large measure 
of review over the past 30 years, but no real changes to the approach have evolved from all of 
that study and review (including several EPA risk review analyses for various sectors that use 
storage tanks). The terminal’s Title V permit implements the provisions form those storage tank 
regulations in much the same ways as for many other refineries, terminals, and chemical plants 
across the U.S. Therefore, the facility’s existing operating provisions as listed in the Title V permit 
were deemed suitable to their current situation. 
 
Recent experimental use of optical inspection methods is evolving (and has been adopted in 
California for certain situations) and may gain regulatory acceptance in the future; most likely as 
screening methods to layer on to existing control requirements. As these develop, they would be 
potentially applicable to the current terminal configuration as well as a floating roof scenario, but 
they would likely not alter the basic design considerations for why either of these would be 
selected. 
 
 
The Title V review resulted in the following findings: 
 

o Consideration of the additional practices: 
 

 Root cause and corrective action analyses after release events to atmosphere 
 Use of redundant prevention measures to minimize venting to atmosphere 
 Election to vent to atmosphere only during a predetermined set of hours, on an 

annual basis  
 Establish and permit elective work practice standards pertaining to the emptying 

and degassing of storage tanks 
 Strongly consider routing to a control device or fuel gas system during degassing 

 
 

Future Recommendations for Research 
 
The emission calculation for the uncontrolled tanker loading maintenance allowance is of note. The 
calculation is provided in the 2016 Title V Air Permit Renewal Application and shows the PTE of 388 tpy 
VOC and 10.9 tpy HAPs. It is unclear the number of maintenance events per year and the duration of each 
event. Without this additional information, the short-term emission of HAPs is unknown. As the emission 
of HAP is elevated during this scenario, future research into the hourly emission rate of HAPs to the 
Valdez community during such maintenance could be warranted. 
 
The potential contribution of the recovered oil storage tank associated with the ballast water system 
should be investigated. Insufficient data was available to estimate emissions independently (they are 
listed as 7 tpy in the terminal’s 2020 emissions inventory).  
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The emission rate of HAPs from the ballast water treatment or other wastewater treatment was not 
independently verified by JBE due to a lack of data including system configuration, flowrates, and 
sampling data, and this should be investigated also to better inform the worst-case emissions 
calculations.  
 
Additional Limitations 
 
JBE’s work for this project was to review the implications of the potential application of a federal 
regulation. This work should not be treated as a design, an agency deliverable, or any form of direct 
support to the Alyeska’s environmental compliance program. The majority of the work steps were 
performed by engineers with considerable work experience in the oil and gas sector that are registered 
professional engineers in various other states. JBE was selected in a competitive process based on the 
very strong experience of our proposed team, since our team members have worked on various projects 
individually in a number of U.S. states. The ability to perform an independent review of work performed 
anywhere is important and it is often the case that the best resources to perform such a review benefit 
from a national perspective, and as such, may not be located in the state where facilities to be evaluated 
happen to be. 
 



                
 
 
 

 Appendix A – Alaska North Slope Crude Assay 

 



Sample
North Slope 

Crude
North Slope 

Crude
Matrix Crude Oil Crude Oil

Units mg/kg mg/kg

Abbrev Analyte

IP Isopentane 3,771 3,690

1P 1-Pentene 0 0

2M1B 2-Methyl-1-butene 0 0

C5 Pentane 5,498 5,478

T2P 2-Pentene (trans) 0 0

C2P 2-Pentene (cis) 0 0

TBA Tertiary butanol 0 0

CYP Cyclopentane 865 854

23DMB 2,3-Dimethylbutane 121 124

2MP 2-Methylpentane 2,772 2,747

MTBE MTBE 0 0

3MP 3-Methylpentane 1,843 1,816

1HEX 1-Hexene 0 0

C6 Hexane 4,874 4,785

DIPE Diisopropyl Ether (DIPE) 0 0

ETBE Ethyl Tertiary Butyl Ether (ETBE) 0 0

22DMP 2,2-Dimethylpentane 3,213 3,627

MCYP Methylcyclopentane 12 10

24DMP 2,4-Dimethylpentane 203 198

12DCA 1,2-Dichloroethane 15 16

CH Cyclohexane 3,854 3,971

2MH 2-Methylhexane 1,307 1,300

B Benzene 2,103 2,293

23DMP 2,3-Dimethylpentane 552 548

THIO Thiophene 0 0

3MH 3-Methylhexane 1,583 1,615

TAME TAME 0 0

1HP 1-Heptene/1,2-DMCP (trans) 0 0

ISO Isooctane 0 0

C7 Heptane 3,949 4,053

MCYH Methylcyclohexane 6,248 6,579

25DMH 2,5-Dimethylhexane 0 0

24DMH 2,4-Dimethylhexane 208 209

223TMP 2,2,3-Trimethylpentane 0 0

234TMP 2,3,4-Trimethylpentane 79 75

233TMP 2,3,3-Trimethylpentane 0 0

23DMH 2,3-Dimethylhexane 184 189

3EH 3-Ethylhexane 0 0

2MHEP 2-Methylheptane 1,462 1,578

3MHEP 3-Methylheptane 0 0

T Toluene 4,609 5,159
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2MTHIO 2-Methylthiophene 0 0

3MTHIO 3-Methylthiophene 0 0

1O 1-Octene 0 0

C8 Octane 3,231 3,675

12DBE 1,2-Dibromoethane 0 0

EB Ethylbenzene 940 1,137

2ETHIO 2-Ethylthiophene 0 0

MPX p/m-Xylene 3,757 4,616

1N 1-Nonene 0 0

C9 Nonane 3,268 4,040

STY Styrene 0 0

OX o-Xylene 1,227 1,457

IPB Isopropylbenzene 195 242

NPB n-Propylbenzene 359 471

1M3EB 1-Methyl-3-ethylbenzene 798 1,014

1M4EB 1-Methyl-4-ethylbenzene 247 348

135TMB 1,3,5-Trimethylbenzene 415 537

1D 1-Decene 0 0

1M2EB 1-Methyl-2-ethylbenzene 358 457

C10 Decane 2,970 3,593

124TMB 1,2,4-Trimethylbenzene 1,113 1,431

SECBUT sec-Butylbenzene 119 156

1M3IPB 1-Methyl-3-isopropylbenzene 0 0

1M4IPB 1-Methyl-4-isopropylbenzene 476 599

1M2IPB 1-Methyl-2-isopropylbenzene 186 247

IN Indan 65 86

1M3PB 1-Methyl-3-propylbenzene 89 123

1M4PB 1-Methyl-4-propylbenzene 136 190

BUTB n-Butylbenzene 171 244

12DM4EB 1,2-Dimethyl-4-ethylbenzene 141 178

12DEB 1,2-Diethylbenzene 43 55

1M2PB 1-Methyl-2-propylbenzene 78 106

14DM2EB 1,4-Dimethyl-2-ethylbenzene 0 0

C11 Undecane 2,152 2,163

13DM4EB 1,3-Dimethyl-4-ethylbenzene 0 0

13DM5EB 1,3-Dimethyl-5-ethylbenzene 171 211

13DM2EB 1,3-Dimethyl-2-ethylbenzene 222 264

12DM3EB 1,2-Dimethyl-3-ethylbenzene 0 0

1245TMP 1,2,4,5-Tetramethylbenzene 43 52

PENTB Pentylbenzene 62 79

C12 Dodecane 1,235 957

N Naphthalene 0 0

BT0 Benzothiophene 0 0

MMT MMT 0 0

C13 Tridecane 0 0

2MN 2-Methylnaphthalene 0 0

1MN 1-Methylnaphthalene 0 0

Appendix A - Alaska North Slope Crude Assay Page 2 of 2



                
 
 
 

 Appendix B – VOC Emission Calculations for Crude Oil, Fixed Roof Storage Tanks 

 



Tank Constants Data Input

Constituent Unit Required / Optional Default Type of Input Tank Tank Tank Tank Tank

EPN Number - Required - free TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33)

General Tank Information

Tank description - Optional - free Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank
Vertical or horizontal? - Required - dropdown Vertical Vertical Vertical Vertical Vertical
Is the tank heated? - Required - dropdown: Y/N No No No No No
Is the heating constant or cyclic? - Required - dropdown: Misc
Capacity gal Required - number only 21,420,000 21,420,000 21,420,000 21,420,000 21,420,000
Shell Color/Shade - Required - dropdown: Table 7.1-6 Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Shell Condition (click here for condition definitions) - Required - dropdown: Misc Average Average Average Average Average
Shell Diameter (for horizontal tanks, enter diameter of 
vertical cross-section)

ft Required - number only 250 250 250 250 250

Shell Height (for horizontal tanks, enter tank horizontal 
length here)

ft Required - number only 62 62 62 62 62

Permitted Product (if your product is not in the dropdown 
list, CLICK HERE to add it to the Chemical Table) - Required - dropdown: Chemicals Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Tank Construction

Tank Construction Type - Required - dropdown: Misc Welded Welded Welded Welded Welded
Tank Bottom Design - Required - dropdown: Misc Flat Bottom Flat Bottom Flat Bottom Flat Bottom Flat Bottom

Tank cone bottom slope ft/ft Optional
Flat Bottom: 0

Sloped/Drain-dry: .05
number only

Breather vent type - Required - dropdown: Misc Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
Breather vent pressure setting psig Optional 0.03 number only 0 0 0 0 0
Breather vent vacuum setting psig Optional -0.03 number only 0 0 0 0 0
Gauge Pressure, see Note 1 psig Required - number only 0 0 0 0 0
Is the tank shell insulated? - Required - dropdown: Y/N No No No No No
Is the tank roof insulated? - Required - dropdown: Y/N No No No No No
Roof Type - Required - dropdown: Misc Cone Cone Cone Cone Cone
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Tank Constants Data Input

Constituent Unit Required / Optional Default Type of Input

EPN Number - Required - free

General Tank Information

Tank description - Optional - free
Vertical or horizontal? - Required - dropdown
Is the tank heated? - Required - dropdown: Y/N
Is the heating constant or cyclic? - Required - dropdown: Misc
Capacity gal Required - number only
Shell Color/Shade - Required - dropdown: Table 7.1-6
Shell Condition (click here for condition definitions) - Required - dropdown: Misc
Shell Diameter (for horizontal tanks, enter diameter of 
vertical cross-section)

ft Required - number only

Shell Height (for horizontal tanks, enter tank horizontal 
length here)

ft Required - number only

Permitted Product (if your product is not in the dropdown 
list, CLICK HERE to add it to the Chemical Table) - Required - dropdown: Chemicals

Tank Construction

Tank Construction Type - Required - dropdown: Misc
Tank Bottom Design - Required - dropdown: Misc

Tank cone bottom slope ft/ft Optional
Flat Bottom: 0

Sloped/Drain-dry: .05
number only

Breather vent type - Required - dropdown: Misc
Breather vent pressure setting psig Optional 0.03 number only
Breather vent vacuum setting psig Optional -0.03 number only
Gauge Pressure, see Note 1 psig Required - number only
Is the tank shell insulated? - Required - dropdown: Y/N
Is the tank roof insulated? - Required - dropdown: Y/N
Roof Type - Required - dropdown: Misc

Tank Tank Tank Tank Tank

TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38)

Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank
Vertical Vertical Vertical Vertical Vertical

No No No No No

21,420,000 21,420,000 21,420,000 21,420,000 21,420,000
Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light

Average Average Average Average Average

250 250 250 250 250

62 62 62 62 62

Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Welded Welded Welded Welded Welded
Flat Bottom Flat Bottom Flat Bottom Flat Bottom Flat Bottom

Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

No No No No No
No No No No No

Cone Cone Cone Cone Cone

Appendix B - VOC Emission Calculations for Crude Oil, Fixed Roof Storage Tanks Page 2 of 26



Tank Constants Data Input

Constituent Unit Required / Optional Default Type of Input

EPN Number - Required - free

General Tank Information

Tank description - Optional - free
Vertical or horizontal? - Required - dropdown
Is the tank heated? - Required - dropdown: Y/N
Is the heating constant or cyclic? - Required - dropdown: Misc
Capacity gal Required - number only
Shell Color/Shade - Required - dropdown: Table 7.1-6
Shell Condition (click here for condition definitions) - Required - dropdown: Misc
Shell Diameter (for horizontal tanks, enter diameter of 
vertical cross-section)

ft Required - number only

Shell Height (for horizontal tanks, enter tank horizontal 
length here)

ft Required - number only

Permitted Product (if your product is not in the dropdown 
list, CLICK HERE to add it to the Chemical Table) - Required - dropdown: Chemicals

Tank Construction

Tank Construction Type - Required - dropdown: Misc
Tank Bottom Design - Required - dropdown: Misc

Tank cone bottom slope ft/ft Optional
Flat Bottom: 0

Sloped/Drain-dry: .05
number only

Breather vent type - Required - dropdown: Misc
Breather vent pressure setting psig Optional 0.03 number only
Breather vent vacuum setting psig Optional -0.03 number only
Gauge Pressure, see Note 1 psig Required - number only
Is the tank shell insulated? - Required - dropdown: Y/N
Is the tank roof insulated? - Required - dropdown: Y/N
Roof Type - Required - dropdown: Misc

Tank Tank Tank Tank

TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank Crude Oil Storage Tank
Vertical Vertical Vertical Vertical

No No No No

21,420,000 21,420,000 21,420,000 21,420,000
Gray - Light Gray - Light Gray - Light Gray - Light

Average Average Average Average

250 250 250 250

62 62 62 62

Crude Oil Crude Oil Crude Oil Crude Oil

Welded Welded Welded Welded
Flat Bottom Flat Bottom Flat Bottom Flat Bottom

Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
0 0 0 0
0 0 0 0
0 0 0 0

No No No No
No No No No

Cone Cone Cone Cone
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Monthly Data Input

Constituent Unit Required / Optional Default Type of Input Tank Tank Tank Tank Tank Tank Tank

EPN Number - Required - linked to constants TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)
Is the tank heated? - Required - linked to constants No No No No No No No
Constant or cyclic heating? - Required - linked to constants N/A N/A N/A N/A N/A N/A N/A
Tank Insulation - Required - linked to constants Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated

Number of Days the Tank Contains Product (is NOT Empty)

January - Required - number only 31 31 31 31 31 31 31
February - Required - number only 29 29 29 29 29 29 29
March - Required - number only 31 31 31 31 31 31 31
April - Required - number only 30 30 30 30 30 30 30
May - Required - number only 31 31 31 31 31 31 31
June - Required - number only 30 30 30 30 30 30 30
July - Required - number only 31 31 31 31 31 31 31
August - Required - number only 31 31 31 31 31 31 31
September - Required - number only 30 30 30 30 30 30 30
October - Required - number only 31 31 31 31 31 31 31
November - Required - number only 30 30 30 30 30 30 30
December - Required - number only 31 31 31 31 31 31 31

Throughput

January Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
February Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
March Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
April Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
May Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
June Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
July Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
August Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
September Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
October Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
November Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
December Throughput gal Required - number only 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
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Monthly Data Input

Constituent Unit Required / Optional Default Type of Input

EPN Number - Required - linked to constants
Is the tank heated? - Required - linked to constants
Constant or cyclic heating? - Required - linked to constants
Tank Insulation - Required - linked to constants

Number of Days the Tank Contains Product (is NOT Empty)

January - Required - number only
February - Required - number only
March - Required - number only
April - Required - number only
May - Required - number only
June - Required - number only
July - Required - number only
August - Required - number only
September - Required - number only
October - Required - number only
November - Required - number only
December - Required - number only

Throughput

January Throughput gal Required - number only
February Throughput gal Required - number only
March Throughput gal Required - number only
April Throughput gal Required - number only
May Throughput gal Required - number only
June Throughput gal Required - number only
July Throughput gal Required - number only
August Throughput gal Required - number only
September Throughput gal Required - number only
October Throughput gal Required - number only
November Throughput gal Required - number only
December Throughput gal Required - number only

Tank Tank Tank Tank Tank Tank Tank

TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)
No No No No No No No

N/A N/A N/A N/A N/A N/A N/A
Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated

31 31 31 31 31 31 31
29 29 29 29 29 29 29
31 31 31 31 31 31 31
30 30 30 30 30 30 30
31 31 31 31 31 31 31
30 30 30 30 30 30 30
31 31 31 31 31 31 31
31 31 31 31 31 31 31
30 30 30 30 30 30 30
31 31 31 31 31 31 31
30 30 30 30 30 30 30
31 31 31 31 31 31 31

41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853 41,194,853
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VOC Emissions Summary from Fixed Roof, Crude Oil Storage Tanks

Tank Tank Tank Tank Tank Tank Tank
TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)

Tank Contents Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil
Year To Date

Uncontrolled Total Loss (lb/yr) 1,603,188.455 1,603,188.455 1,603,188.455 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45
Uncontrolled Working Loss (lb/yr) 1,438,882.516 1,438,882.516 1,438,882.516 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52
Uncontrolled Standing Loss (lb/yr) 164,305.939 164,305.939 164,305.939 164,305.94 164,305.94 164,305.94 164,305.94 164,305.94 164,305.94 164,305.94
Tank Cleaning Loss (lb/yr) 0.000 0.000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tank Average Vapor Pressure (psia) 2.100 2.100 2.100 2.10 2.10 2.10 2.10 2.10 2.10 2.10
Tank Temperature ( ° F) 40.641 40.641 40.641 40.64 40.64 40.64 40.64 40.64 40.64 40.64
Capture Efficiency (%) 99.94% 99.94% 99.94% 99.94% 99.94% 99.94% 99.94%
Conservation Vent Emissions (lb/yr) 961.91 961.91 961.91 961.91 961.91 961.91 961.91
Conservation Vent Emissions (tpy) 0.48 0.48 0.48 0.48 0.48 0.48 0.48
VOC Emissions routed to VCU (lb/yr) 1602226.54 1602226.54 1602226.54 1602226.54 1602226.54 1602226.54 1602226.54
VCU Control Efficiency (%) 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7%
Actual VCU Emissions (lb/yr) 4,806.68 4,806.68 4,806.68 4,806.68 4,806.68 4,806.68 4,806.68
Actual VCU Emissions (tpy) 2.40 2.40 2.40 2.40 2.40 2.40 2.40

January
Total Loss (lb/mo) 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075
Working Loss (lb/mo) 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352
Standing Loss (lb/mo) 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417 1.417
Tank Temperature ( ° F) 15.495 15.495 15.495 15.495 15.495 15.495 15.495 15.495 15.495 15.495

February
Total Loss (lb/mo) 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481
Working Loss (lb/mo) 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256
Standing Loss (lb/mo) 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.526 1.526 1.526 1.526 1.526 1.526 1.526 1.526 1.526 1.526
Tank Temperature ( ° F) 20.686 20.686 20.686 20.686 20.686 20.686 20.686 20.686 20.686 20.686

March
Total Loss (lb/mo) 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114
Working Loss (lb/mo) 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676
Standing Loss (lb/mo) 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.746 1.746 1.746 1.746 1.746 1.746 1.746 1.746 1.746 1.746
Tank Temperature ( ° F) 30.166 30.166 30.166 30.166 30.166 30.166 30.166 30.166 30.166 30.166

April
Total Loss (lb/mo) 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903
Working Loss (lb/mo) 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613
Standing Loss (lb/mo) 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.091 2.091 2.091 2.091 2.091 2.091 2.091 2.091 2.091 2.091
Tank Temperature ( ° F) 42.847 42.847 42.847 42.847 42.847 42.847 42.847 42.847 42.847 42.847

May
Total Loss (lb/mo) 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875
Working Loss (lb/mo) 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813
Standing Loss (lb/mo) 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.510 2.510 2.510 2.510 2.510 2.510 2.510 2.510 2.510 2.510
Tank Temperature ( ° F) 55.683 55.683 55.683 55.683 55.683 55.683 55.683 55.683 55.683 55.683

Maximum Minimum Average
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VOC Emissions Summary from Fixed Roof, Crude Oil Storage Tanks

Tank Tank Tank Tank Tank Tank Tank
TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)

Tank Contents Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Maximum Minimum Average

June
Total Loss (lb/mo) 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399
Working Loss (lb/mo) 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889
Standing Loss (lb/mo) 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.827 2.827 2.827 2.827 2.827 2.827 2.827 2.827 2.827 2.827
Tank Temperature ( ° F) 64.034 64.034 64.034 64.034 64.034 64.034 64.034 64.034 64.034 64.034

July
Total Loss (lb/mo) 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065
Working Loss (lb/mo) 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886
Standing Loss (lb/mo) 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.969 2.969 2.969 2.969 2.969 2.969 2.969 2.969 2.969 2.969
Tank Temperature ( ° F) 67.483 67.483 67.483 67.483 67.483 67.483 67.483 67.483 67.483 67.483

August
Total Loss (lb/mo) 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127
Working Loss (lb/mo) 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251
Standing Loss (lb/mo) 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.794 2.794 2.794 2.794 2.794 2.794 2.794 2.794 2.794 2.794
Tank Temperature ( ° F) 63.203 63.203 63.203 63.203 63.203 63.203 63.203 63.203 63.203 63.203

September
Total Loss (lb/mo) 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535
Working Loss (lb/mo) 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225
Standing Loss (lb/mo) 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.407 2.407 2.407 2.407 2.407 2.407 2.407 2.407 2.407 2.407
Tank Temperature ( ° F) 52.722 52.722 52.722 52.722 52.722 52.722 52.722 52.722 52.722 52.722

October
Total Loss (lb/mo) 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231
Working Loss (lb/mo) 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188
Standing Loss (lb/mo) 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.920 1.920 1.920 1.920 1.920 1.920 1.920 1.920 1.920 1.920
Tank Temperature ( ° F) 36.836 36.836 36.836 36.836 36.836 36.836 36.836 36.836 36.836 36.836

November
Total Loss (lb/mo) 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160
Working Loss (lb/mo) 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500
Standing Loss (lb/mo) 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.552 1.552 1.552 1.552 1.552 1.552 1.552 1.552 1.552 1.552
Tank Temperature ( ° F) 21.896 21.896 21.896 21.896 21.896 21.896 21.896 21.896 21.896 21.896

December
Total Loss (lb/mo) 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490
Working Loss (lb/mo) 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867
Standing Loss (lb/mo) 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.441 1.441 1.441 1.441 1.441 1.441 1.441 1.441 1.441 1.441
Tank Temperature ( ° F) 16.645 16.645 16.645 16.645 16.645 16.645 16.645 16.645 16.645 16.645
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VOC Emissions Summary from Fixed Roof, Crude Oil Storage Tanks

Tank Contents
Year To Date

Uncontrolled Total Loss (lb/yr) 1,603,188.455 1,603,188.455 1,603,188.455
Uncontrolled Working Loss (lb/yr) 1,438,882.516 1,438,882.516 1,438,882.516
Uncontrolled Standing Loss (lb/yr) 164,305.939 164,305.939 164,305.939
Tank Cleaning Loss (lb/yr) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.100 2.100 2.100
Tank Temperature ( ° F) 40.641 40.641 40.641
Capture Efficiency (%)
Conservation Vent Emissions (lb/yr)
Conservation Vent Emissions (tpy)
VOC Emissions routed to VCU (lb/yr)
VCU Control Efficiency (%)
Actual VCU Emissions (lb/yr)
Actual VCU Emissions (tpy)

January
Total Loss (lb/mo) 92,103.075 92,103.075 92,103.075
Working Loss (lb/mo) 85,891.352 85,891.352 85,891.352
Standing Loss (lb/mo) 6,211.723 6,211.723 6,211.723
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.417 1.417 1.417
Tank Temperature ( ° F) 15.495 15.495 15.495

February
Total Loss (lb/mo) 99,672.481 99,672.481 99,672.481
Working Loss (lb/mo) 91,492.256 91,492.256 91,492.256
Standing Loss (lb/mo) 8,180.225 8,180.225 8,180.225
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.526 1.526 1.526
Tank Temperature ( ° F) 20.686 20.686 20.686

March
Total Loss (lb/mo) 115,537.114 115,537.114 115,537.114
Working Loss (lb/mo) 102,711.676 102,711.676 102,711.676
Standing Loss (lb/mo) 12,825.438 12,825.438 12,825.438
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.746 1.746 1.746
Tank Temperature ( ° F) 30.166 30.166 30.166

April
Total Loss (lb/mo) 136,365.903 136,365.903 136,365.903
Working Loss (lb/mo) 119,945.613 119,945.613 119,945.613
Standing Loss (lb/mo) 16,420.290 16,420.290 16,420.290
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.091 2.091 2.091
Tank Temperature ( ° F) 42.847 42.847 42.847

May
Total Loss (lb/mo) 162,631.875 162,631.875 162,631.875
Working Loss (lb/mo) 140,407.813 140,407.813 140,407.813
Standing Loss (lb/mo) 22,224.062 22,224.062 22,224.062
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.510 2.510 2.510
Tank Temperature ( ° F) 55.683 55.683 55.683

Maximum Minimum Average
Tank Tank Tank Tank Tank Tank Tank

TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)
Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45 1,603,188.45
1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52 1,438,882.52

164,305.94 164,305.94 164,305.94 164,305.94 164,305.94 164,305.94 164,305.94
0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.10 2.10 2.10 2.10 2.10 2.10 2.10

40.64 40.64 40.64 40.64 40.64 40.64 40.64
99.94% 99.94% 99.94% 99.94% 99.94% 99.94% 99.94%
961.91 961.91 961.91 961.91 961.91 961.91 961.91

0.48 0.48 0.48 0.48 0.48 0.48 0.48
1602226.54 1602226.54 1602226.54 1602226.54 1602226.54 1602226.54 1602226.54

99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7%
4,806.68 4,806.68 4,806.68 4,806.68 4,806.68 4,806.68 4,806.68

2.40 2.40 2.40 2.40 2.40 2.40 2.40

92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075 92,103.075
85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352

6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.417 1.417 1.417 1.417 1.417 1.417 1.417

15.495 15.495 15.495 15.495 15.495 15.495 15.495

99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481 99,672.481
91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256 91,492.256

8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225 8,180.225
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.526 1.526 1.526 1.526 1.526 1.526 1.526

20.686 20.686 20.686 20.686 20.686 20.686 20.686

115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114 115,537.114
102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676 102,711.676

12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438 12,825.438
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.746 1.746 1.746 1.746 1.746 1.746 1.746

30.166 30.166 30.166 30.166 30.166 30.166 30.166

136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903 136,365.903
119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613 119,945.613

16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290 16,420.290
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.091 2.091 2.091 2.091 2.091 2.091 2.091

42.847 42.847 42.847 42.847 42.847 42.847 42.847

162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875 162,631.875
140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813 140,407.813

22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062 22,224.062
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.510 2.510 2.510 2.510 2.510 2.510 2.510

55.683 55.683 55.683 55.683 55.683 55.683 55.683
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VOC Emissions Summary from Fixed Roof, Crude Oil Storage Tanks

Tank Contents

Maximum Minimum Average

June
Total Loss (lb/mo) 178,775.399 178,775.399 178,775.399
Working Loss (lb/mo) 155,591.889 155,591.889 155,591.889
Standing Loss (lb/mo) 23,183.510 23,183.510 23,183.510
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.827 2.827 2.827
Tank Temperature ( ° F) 64.034 64.034 64.034

July
Total Loss (lb/mo) 185,387.065 185,387.065 185,387.065
Working Loss (lb/mo) 162,320.886 162,320.886 162,320.886
Standing Loss (lb/mo) 23,066.179 23,066.179 23,066.179
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.969 2.969 2.969
Tank Temperature ( ° F) 67.483 67.483 67.483

August
Total Loss (lb/mo) 172,727.127 172,727.127 172,727.127
Working Loss (lb/mo) 153,941.251 153,941.251 153,941.251
Standing Loss (lb/mo) 18,785.876 18,785.876 18,785.876
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.794 2.794 2.794
Tank Temperature ( ° F) 63.203 63.203 63.203

September
Total Loss (lb/mo) 148,528.535 148,528.535 148,528.535
Working Loss (lb/mo) 135,296.225 135,296.225 135,296.225
Standing Loss (lb/mo) 13,232.310 13,232.310 13,232.310
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.407 2.407 2.407
Tank Temperature ( ° F) 52.722 52.722 52.722

October
Total Loss (lb/mo) 119,782.231 119,782.231 119,782.231
Working Loss (lb/mo) 111,364.188 111,364.188 111,364.188
Standing Loss (lb/mo) 8,418.043 8,418.043 8,418.043
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.920 1.920 1.920
Tank Temperature ( ° F) 36.836 36.836 36.836

November
Total Loss (lb/mo) 98,812.160 98,812.160 98,812.160
Working Loss (lb/mo) 92,826.500 92,826.500 92,826.500
Standing Loss (lb/mo) 5,985.660 5,985.660 5,985.660
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.552 1.552 1.552
Tank Temperature ( ° F) 21.896 21.896 21.896

December
Total Loss (lb/mo) 92,865.490 92,865.490 92,865.490
Working Loss (lb/mo) 87,092.867 87,092.867 87,092.867
Standing Loss (lb/mo) 5,772.622 5,772.622 5,772.622
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.441 1.441 1.441
Tank Temperature ( ° F) 16.645 16.645 16.645

Tank Tank Tank Tank Tank Tank Tank
TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399 178,775.399
155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889 155,591.889

23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510 23,183.510
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.827 2.827 2.827 2.827 2.827 2.827 2.827

64.034 64.034 64.034 64.034 64.034 64.034 64.034

185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065 185,387.065
162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886 162,320.886

23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179 23,066.179
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.969 2.969 2.969 2.969 2.969 2.969 2.969

67.483 67.483 67.483 67.483 67.483 67.483 67.483

172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127 172,727.127
153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251 153,941.251

18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876 18,785.876
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.794 2.794 2.794 2.794 2.794 2.794 2.794

63.203 63.203 63.203 63.203 63.203 63.203 63.203

148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535 148,528.535
135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225 135,296.225

13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310 13,232.310
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.407 2.407 2.407 2.407 2.407 2.407 2.407

52.722 52.722 52.722 52.722 52.722 52.722 52.722

119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231 119,782.231
111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188 111,364.188

8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043 8,418.043
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.920 1.920 1.920 1.920 1.920 1.920 1.920

36.836 36.836 36.836 36.836 36.836 36.836 36.836

98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160 98,812.160
92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500 92,826.500

5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660 5,985.660
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.552 1.552 1.552 1.552 1.552 1.552 1.552

21.896 21.896 21.896 21.896 21.896 21.896 21.896

92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490 92,865.490
87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867 87,092.867

5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622 5,772.622
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.441 1.441 1.441 1.441 1.441 1.441 1.441

16.645 16.645 16.645 16.645 16.645 16.645 16.645
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source Tank Tank Tank Tank Tank

EPN Number - - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33)
Working Loss, Eq. 1-35

lb/mo Working Loss Result calculation 85,891.352 85,891.352 85,891.352 85,891.352 85,891.352

Permitted Product - Working Loss User Input user input - tank data Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Chemical Category - Working Loss Constant lookup in chemical data
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
KP, working loss product factor - Working Loss AP-42 Factor misc tab 1.000 1.000 1.000 1.000 1.000
VQ, the volume associated with increases in the liquid level

ft3/mo Working Loss Calculation calculation 5,506,378.618 5,506,378.618 5,506,378.618 5,506,378.618 5,506,378.618

ΣHQI, the monthly sum of the increases in liquid volume level ft/mo Working Loss Calculation calculation 112.175 112.175 112.175 112.175 112.175
D, Tank Diameter ft Working Loss User Input user input - tank data 250.000 250.000 250.000 250.000 250.000

KB, vent setting correction factor

- Working Loss Calculation calculation 0.997 0.997 0.997 0.997 0.997

Breather vent type - Working Loss User Input user input - tank data Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
PBP, breather vent pressure setting psig Working Loss User Input user input - tank data 0.036 0.036 0.036 0.036 0.036
PBV, breather vent vacuum setting psig Working Loss User Input user input - tank data 0.011 0.011 0.011 0.011 0.011
PI, pressure of the vapor space at normal operating conditions
(the gauge pressure)

psig Working Loss User Input user input - tank data 0.000 0.000 0.000 0.000 0.000

PA, atmospheric pressure psia Working Loss AP-42 Factor Table 7.1-7 (met data) 14.560 14.560 14.560 14.560 14.560
KN, working loss turnover (saturation) factor - Working Loss Calculation calculation 1.000 1.000 1.000 1.000 1.000
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab 1.417 1.417 1.417 1.417 1.417

KN, working loss turnover (saturation) factor:
     for turnovers > 36, KN = (180 + N)/6N
     for turnovers ≤36, KN = 1

- Working Loss Calculation calculation 1.000 1.000 1.000 1.000 1.000

N, number of turnovers in January
- Working Loss Calculation calculation 1.870 1.870 1.870 1.870 1.870

HLX, maximum liquid height ft Working Loss User Input user input - tank data 61.000 61.000 61.000 61.000 61.000
HLN, minimum liquid height ft Working Loss User Input user input - tank data 1.000 1.000 1.000 1.000 1.000
ΣHQI, the monthly sum of the increases in liquid volume level

ft/mo Working Loss Calculation calculation 112.175 112.175 112.175 112.175 112.175

5.614 ft3/bbl Working Loss Constant
the conversion of barrels to cubic 
feet

5.614 5.614 5.614 5.614 5.614

Q, Throughput in January bbl/mo Working Loss User Input user input - monthly data 980,829.821 980,829.821 980,829.821 980,829.821 980,829.821
D, Tank Diameter ft Working Loss User Input user input - tank data 250.000 250.000 250.000 250.000 250.000

WV, stock vapor density, Eq. 1-22
lb/ft3 Working Loss Calculation calculation 0.016 0.016 0.016 0.016 0.016

Permitted Product - Working Loss User Input user input - tank data Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Chemical Category - Working Loss Constant lookup in chemical data
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
MV, average vapor molecular weight lb/lb-mole Working Loss Constant lookup in chemical data 56.262 56.262 56.262 56.262 56.262
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab 1.417 1.417 1.417 1.417 1.417
R, ideal gas constant psia-ft3/lb-mole-R Working Loss Constant 10.731 (constant) 10.731 10.731 10.731 10.731 10.731
TV, average vapor temperature
Eq. 1-33

Eq. 1-34

R Working Loss Calculation

uninsulated: Eq. 1-33
insulated shell only: Eq. 1-34
fully insulated: TV = TB

heated: TV = TB

475.115 475.115 475.115 475.115 475.115
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source Tank Tank Tank Tank Tank

EPN Number - - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33)
Tank Heated - Working Loss User Input user input - tank data No No No No No
Tank Insulation - Working Loss User Input user input - tank data Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
TB, liquid bulk temperature, Eq. 1-31

R Working Loss Calculation

uninsulated: Eq. 1-31
insulated shell only: Eq. 1-31
fully insulated: user input
heated: user input

474.735 474.735 474.735 474.735 474.735

Shell Color/Shade - Working Loss User Input user input - tank data Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Shell Condition - Working Loss User Input user input - tank data Average Average Average Average Average
TAA, average daily ambient temperature R Working Loss Calculation Table 7.1-7 ((TAX + TAN)/2) 474.570 474.570 474.570 474.570 474.570
α, tank surface solar absorptance - Working Loss AP-42 Factor Table 7.1-6 0.580 0.580 0.580 0.580 0.580
I, average daily total insolation factor Btu/ft2-day Working Loss AP-42 Factor Table 7.1-7 (met data) 95.000 95.000 95.000 95.000 95.000

Standing Loss, Eq. 1-4

lb/mo Standing Loss Result calculation 6,211.723 6,211.723 6,211.723 6,211.723 6,211.723

Number of Days the Tank is Not Empty - Standing Loss User Input user input - monthly data 31.000 31.000 31.000 31.000 31.000
Days in January days/mo Standing Loss Constant lookup in misc tab 31.000 31.000 31.000 31.000 31.000
D, Tank Diameter ft Standing Loss User Input user input - tank data 250.000 250.000 250.000 250.000 250.000

L, length of horizontal tank ft Standing Loss User Input user input - tank data
D, diameter of vertical cross-section ft Standing Loss User Input user input - tank data

WV, stock vapor density lb/ft3 Standing Loss Calculation calculation 0.016 0.016 0.016 0.016 0.016
KS, vented vapor saturation factor, Eq. 1-21

- Standing Loss Calculation calculation 0.284 0.284 0.284 0.284 0.284

0.053 1/psia-ft Standing Loss Constant constant 0.053 0.053 0.053 0.053 0.053
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab 1.417 1.417 1.417 1.417 1.417
HVO, vapor space outage ft Standing Loss Calculation calculation 33.604 33.604 33.604 33.604 33.604

KE, vapor space expansion factor, Eq. 1-5

1/day Standing Loss Calculation calculation 0.027 0.027 0.027 0.027 0.027

PA, atmospheric pressure psia Standing Loss AP-42 Factor Table 7.1-7 (met data) 14.560 14.560 14.560 14.560 14.560
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab 1.417 1.417 1.417 1.417 1.417
TLA, average daily liquid surface temperature R Standing Loss Calculation calculation on PV tab 475.165 475.165 475.165 475.165 475.165
ΔPV, average daily vapor pressure range, Eq. 1-9

psia Standing Loss Calculation calculation 0.103 0.103 0.103 0.103 0.103

PVX, vapor pressure at the average daily maximum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab 1.470 1.470 1.470 1.470 1.470
PVN, vapor pressure at the average daily minimum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab 1.367 1.367 1.367 1.367 1.367

ΔPB, breather vent pressure setting range
psi Standing Loss Calculation calculation 0.025 0.025 0.025 0.025 0.025

Tank Construction Type - Standing Loss User Input user input - tank data Welded Welded Welded Welded Welded
PBP, breather vent pressure setting psig Standing Loss User Input user input - tank data 0.036 0.036 0.036 0.036 0.036
PBV, breather vent vacuum setting psig Standing Loss User Input user input - tank data 0.011 0.011 0.011 0.011 0.011

ΔTV, average daily vapor temperature range
     Eq. 1-7

     Eq. 1-8

R Standing Loss Calculation

uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8
fully insulated: TBX - TBN

heated: TBX - TBN

10.202 10.202 10.202 10.202 10.202

Tank Heated - Working Loss User Input user input - tank data No No No No No
Tank Insulation - Standing Loss User Input user input - tank data Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
TBX, maximum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data N/A N/A N/A N/A N/A
TBN, minimum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data N/A N/A N/A N/A N/A
α, tank surface solar absorptance - Standing Loss AP-42 Factor Table 7.1-6 0.580 0.580 0.580 0.580 0.580
I, average daily total insolation factor Btu/ft2-day Standing Loss AP-42 Factor Table 7.1-7 (met data) 95.000 95.000 95.000 95.000 95.000
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source Tank Tank Tank Tank Tank

EPN Number - - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33)
ΔTA, average daily ambient temperature range, Eq. 1-11

R Standing Loss Calculation calculation 13.000 13.000 13.000 13.000 13.000

TAX, average daily maximum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data) 481.070 481.070 481.070 481.070 481.070
TAN, average daily minimum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data) 468.070 468.070 468.070 468.070 468.070

HVO, vapor space outage, Vert: Eq. 1-16, Horz: He/2
ft Standing Loss Calculation calculation 33.604 33.604 33.604 33.604 33.604

D, Tank Diameter ft Standing Loss Calculation calculation
HS, tank shell height ft Standing Loss User Input user input - tank data 62.000 62.000 62.000 62.000 62.000
HL, average liquid height ft Standing Loss User Input user input - tank data 31.000 31.000 31.000 31.000 31.000
HRO, roof outage ft Standing Loss Calculation calculation 2.604 2.604 2.604 2.604 2.604

Roof Type - Standing Loss User Input user input - tank data Cone Cone Cone Cone Cone
If Cone Roof, Eq. 1-17 & 1-18

ft Standing Loss Calculation calculation 2.604 2.604 2.604 2.604 2.604

HR, tank roof height ft Standing Loss User Input user input - tank data OR calculation 7.813 7.813 7.813 7.813 7.813

SR, Cone roof slope ft/ft Standing Loss User Input user input - tank data 0.063 0.063 0.063 0.063 0.063
RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter 125.000 125.000 125.000 125.000 125.000

If Dome Roof, Eq. 1-19

ft Standing Loss Calculation calculation 17.148 17.148 17.148 17.148 17.148

RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter 125.000 125.000 125.000 125.000 125.000
HR, tank roof height, Eq. 1-20

ft Standing Loss Calculation calculation 33.494 33.494 33.494 33.494 33.494

RR, Dome roof radius ft Standing Loss User Input user input - tank data 250.000 250.000 250.000 250.000 250.000
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35

lb/mo Working Loss Result calculation

Permitted Product - Working Loss User Input user input - tank data

Chemical Category - Working Loss Constant lookup in chemical data

KP, working loss product factor - Working Loss AP-42 Factor misc tab
VQ, the volume associated with increases in the liquid level

ft3/mo Working Loss Calculation calculation

ΣHQI, the monthly sum of the increases in liquid volume level ft/mo Working Loss Calculation calculation
D, Tank Diameter ft Working Loss User Input user input - tank data

KB, vent setting correction factor

- Working Loss Calculation calculation

Breather vent type - Working Loss User Input user input - tank data
PBP, breather vent pressure setting psig Working Loss User Input user input - tank data
PBV, breather vent vacuum setting psig Working Loss User Input user input - tank data
PI, pressure of the vapor space at normal operating conditions
(the gauge pressure)

psig Working Loss User Input user input - tank data

PA, atmospheric pressure psia Working Loss AP-42 Factor Table 7.1-7 (met data)
KN, working loss turnover (saturation) factor - Working Loss Calculation calculation
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab

KN, working loss turnover (saturation) factor:
     for turnovers > 36, KN = (180 + N)/6N
     for turnovers ≤36, KN = 1

- Working Loss Calculation calculation

N, number of turnovers in January
- Working Loss Calculation calculation

HLX, maximum liquid height ft Working Loss User Input user input - tank data
HLN, minimum liquid height ft Working Loss User Input user input - tank data
ΣHQI, the monthly sum of the increases in liquid volume level

ft/mo Working Loss Calculation calculation

5.614 ft3/bbl Working Loss Constant
the conversion of barrels to cubic 
feet

Q, Throughput in January bbl/mo Working Loss User Input user input - monthly data
D, Tank Diameter ft Working Loss User Input user input - tank data

WV, stock vapor density, Eq. 1-22
lb/ft3 Working Loss Calculation calculation

Permitted Product - Working Loss User Input user input - tank data

Chemical Category - Working Loss Constant lookup in chemical data

MV, average vapor molecular weight lb/lb-mole Working Loss Constant lookup in chemical data
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab
R, ideal gas constant psia-ft3/lb-mole-R Working Loss Constant 10.731 (constant)
TV, average vapor temperature
Eq. 1-33

Eq. 1-34

R Working Loss Calculation

uninsulated: Eq. 1-33
insulated shell only: Eq. 1-34
fully insulated: TV = TB

heated: TV = TB

Tank Tank Tank Tank Tank

TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38)

85,891.352 85,891.352 85,891.352 85,891.352 85,891.352

Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
1.000 1.000 1.000 1.000 1.000

5,506,378.618 5,506,378.618 5,506,378.618 5,506,378.618 5,506,378.618

112.175 112.175 112.175 112.175 112.175
250.000 250.000 250.000 250.000 250.000

0.997 0.997 0.997 0.997 0.997

Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
0.036 0.036 0.036 0.036 0.036
0.011 0.011 0.011 0.011 0.011

0.000 0.000 0.000 0.000 0.000

14.560 14.560 14.560 14.560 14.560
1.000 1.000 1.000 1.000 1.000
1.417 1.417 1.417 1.417 1.417

1.000 1.000 1.000 1.000 1.000

1.870 1.870 1.870 1.870 1.870

61.000 61.000 61.000 61.000 61.000
1.000 1.000 1.000 1.000 1.000

112.175 112.175 112.175 112.175 112.175

5.614 5.614 5.614 5.614 5.614

980,829.821 980,829.821 980,829.821 980,829.821 980,829.821
250.000 250.000 250.000 250.000 250.000

0.016 0.016 0.016 0.016 0.016

Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
56.262 56.262 56.262 56.262 56.262

1.417 1.417 1.417 1.417 1.417
10.731 10.731 10.731 10.731 10.731

475.115 475.115 475.115 475.115 475.115
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35Tank Heated - Working Loss User Input user input - tank data

Tank Insulation - Working Loss User Input user input - tank data
TB, liquid bulk temperature, Eq. 1-31

R Working Loss Calculation

uninsulated: Eq. 1-31
insulated shell only: Eq. 1-31
fully insulated: user input
heated: user input

Shell Color/Shade - Working Loss User Input user input - tank data
Shell Condition - Working Loss User Input user input - tank data
TAA, average daily ambient temperature R Working Loss Calculation Table 7.1-7 ((TAX + TAN)/2)
α, tank surface solar absorptance - Working Loss AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day Working Loss AP-42 Factor Table 7.1-7 (met data)

Standing Loss, Eq. 1-4

lb/mo Standing Loss Result calculation

Number of Days the Tank is Not Empty - Standing Loss User Input user input - monthly data
Days in January days/mo Standing Loss Constant lookup in misc tab
D, Tank Diameter ft Standing Loss User Input user input - tank data

L, length of horizontal tank ft Standing Loss User Input user input - tank data
D, diameter of vertical cross-section ft Standing Loss User Input user input - tank data

WV, stock vapor density lb/ft3 Standing Loss Calculation calculation
KS, vented vapor saturation factor, Eq. 1-21

- Standing Loss Calculation calculation

0.053 1/psia-ft Standing Loss Constant constant
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab
HVO, vapor space outage ft Standing Loss Calculation calculation

KE, vapor space expansion factor, Eq. 1-5

1/day Standing Loss Calculation calculation

PA, atmospheric pressure psia Standing Loss AP-42 Factor Table 7.1-7 (met data)
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab
TLA, average daily liquid surface temperature R Standing Loss Calculation calculation on PV tab
ΔPV, average daily vapor pressure range, Eq. 1-9

psia Standing Loss Calculation calculation

PVX, vapor pressure at the average daily maximum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab
PVN, vapor pressure at the average daily minimum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab

ΔPB, breather vent pressure setting range
psi Standing Loss Calculation calculation

Tank Construction Type - Standing Loss User Input user input - tank data
PBP, breather vent pressure setting psig Standing Loss User Input user input - tank data
PBV, breather vent vacuum setting psig Standing Loss User Input user input - tank data

ΔTV, average daily vapor temperature range
     Eq. 1-7

     Eq. 1-8

R Standing Loss Calculation

uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8
fully insulated: TBX - TBN

heated: TBX - TBN

Tank Heated - Working Loss User Input user input - tank data
Tank Insulation - Standing Loss User Input user input - tank data
TBX, maximum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data
TBN, minimum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data
α, tank surface solar absorptance - Standing Loss AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day Standing Loss AP-42 Factor Table 7.1-7 (met data)

Tank Tank Tank Tank Tank

TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38)
No No No No No

Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated

474.735 474.735 474.735 474.735 474.735

Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Average Average Average Average Average
474.570 474.570 474.570 474.570 474.570

0.580 0.580 0.580 0.580 0.580
95.000 95.000 95.000 95.000 95.000

6,211.723 6,211.723 6,211.723 6,211.723 6,211.723

31.000 31.000 31.000 31.000 31.000
31.000 31.000 31.000 31.000 31.000

250.000 250.000 250.000 250.000 250.000

0.016 0.016 0.016 0.016 0.016

0.284 0.284 0.284 0.284 0.284

0.053 0.053 0.053 0.053 0.053
1.417 1.417 1.417 1.417 1.417

33.604 33.604 33.604 33.604 33.604

0.027 0.027 0.027 0.027 0.027

14.560 14.560 14.560 14.560 14.560
1.417 1.417 1.417 1.417 1.417

475.165 475.165 475.165 475.165 475.165

0.103 0.103 0.103 0.103 0.103

1.470 1.470 1.470 1.470 1.470
1.367 1.367 1.367 1.367 1.367

0.025 0.025 0.025 0.025 0.025

Welded Welded Welded Welded Welded
0.036 0.036 0.036 0.036 0.036
0.011 0.011 0.011 0.011 0.011

10.202 10.202 10.202 10.202 10.202

No No No No No
Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated

N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A

0.580 0.580 0.580 0.580 0.580
95.000 95.000 95.000 95.000 95.000
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35ΔTA, average daily ambient temperature range, Eq. 1-11

R Standing Loss Calculation calculation

TAX, average daily maximum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data)
TAN, average daily minimum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data)

HVO, vapor space outage, Vert: Eq. 1-16, Horz: He/2
ft Standing Loss Calculation calculation

D, Tank Diameter ft Standing Loss Calculation calculation
HS, tank shell height ft Standing Loss User Input user input - tank data
HL, average liquid height ft Standing Loss User Input user input - tank data
HRO, roof outage ft Standing Loss Calculation calculation

Roof Type - Standing Loss User Input user input - tank data
If Cone Roof, Eq. 1-17 & 1-18

ft Standing Loss Calculation calculation

HR, tank roof height ft Standing Loss User Input user input - tank data OR calculation

SR, Cone roof slope ft/ft Standing Loss User Input user input - tank data
RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter

If Dome Roof, Eq. 1-19

ft Standing Loss Calculation calculation

RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter
HR, tank roof height, Eq. 1-20

ft Standing Loss Calculation calculation

RR, Dome roof radius ft Standing Loss User Input user input - tank data

Tank Tank Tank Tank Tank

TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38)

13.000 13.000 13.000 13.000 13.000

481.070 481.070 481.070 481.070 481.070
468.070 468.070 468.070 468.070 468.070

33.604 33.604 33.604 33.604 33.604

62.000 62.000 62.000 62.000 62.000
31.000 31.000 31.000 31.000 31.000

2.604 2.604 2.604 2.604 2.604
Cone Cone Cone Cone Cone

2.604 2.604 2.604 2.604 2.604

7.813 7.813 7.813 7.813 7.813

0.063 0.063 0.063 0.063 0.063
125.000 125.000 125.000 125.000 125.000

17.148 17.148 17.148 17.148 17.148

125.000 125.000 125.000 125.000 125.000

33.494 33.494 33.494 33.494 33.494

250.000 250.000 250.000 250.000 250.000
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35

lb/mo Working Loss Result calculation

Permitted Product - Working Loss User Input user input - tank data

Chemical Category - Working Loss Constant lookup in chemical data

KP, working loss product factor - Working Loss AP-42 Factor misc tab
VQ, the volume associated with increases in the liquid level

ft3/mo Working Loss Calculation calculation

ΣHQI, the monthly sum of the increases in liquid volume level ft/mo Working Loss Calculation calculation
D, Tank Diameter ft Working Loss User Input user input - tank data

KB, vent setting correction factor

- Working Loss Calculation calculation

Breather vent type - Working Loss User Input user input - tank data
PBP, breather vent pressure setting psig Working Loss User Input user input - tank data
PBV, breather vent vacuum setting psig Working Loss User Input user input - tank data
PI, pressure of the vapor space at normal operating conditions
(the gauge pressure)

psig Working Loss User Input user input - tank data

PA, atmospheric pressure psia Working Loss AP-42 Factor Table 7.1-7 (met data)
KN, working loss turnover (saturation) factor - Working Loss Calculation calculation
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab

KN, working loss turnover (saturation) factor:
     for turnovers > 36, KN = (180 + N)/6N
     for turnovers ≤36, KN = 1

- Working Loss Calculation calculation

N, number of turnovers in January
- Working Loss Calculation calculation

HLX, maximum liquid height ft Working Loss User Input user input - tank data
HLN, minimum liquid height ft Working Loss User Input user input - tank data
ΣHQI, the monthly sum of the increases in liquid volume level

ft/mo Working Loss Calculation calculation

5.614 ft3/bbl Working Loss Constant
the conversion of barrels to cubic 
feet

Q, Throughput in January bbl/mo Working Loss User Input user input - monthly data
D, Tank Diameter ft Working Loss User Input user input - tank data

WV, stock vapor density, Eq. 1-22
lb/ft3 Working Loss Calculation calculation

Permitted Product - Working Loss User Input user input - tank data

Chemical Category - Working Loss Constant lookup in chemical data

MV, average vapor molecular weight lb/lb-mole Working Loss Constant lookup in chemical data
PVA, vapor pressure at average daily liquid surface temperature psia Working Loss Calculation calculation on PV tab
R, ideal gas constant psia-ft3/lb-mole-R Working Loss Constant 10.731 (constant)
TV, average vapor temperature
Eq. 1-33

Eq. 1-34

R Working Loss Calculation

uninsulated: Eq. 1-33
insulated shell only: Eq. 1-34
fully insulated: TV = TB

heated: TV = TB

Tank Tank Tank Tank

TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

85,891.352 85,891.352 85,891.352 85,891.352

Crude Oil Crude Oil Crude Oil Crude Oil
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
1.000 1.000 1.000 1.000

5,506,378.618 5,506,378.618 5,506,378.618 5,506,378.618

112.175 112.175 112.175 112.175
250.000 250.000 250.000 250.000

0.997 0.997 0.997 0.997

Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum Pressure/Vacuum
0.036 0.036 0.036 0.036
0.011 0.011 0.011 0.011

0.000 0.000 0.000 0.000

14.560 14.560 14.560 14.560
1.000 1.000 1.000 1.000
1.417 1.417 1.417 1.417

1.000 1.000 1.000 1.000

1.870 1.870 1.870 1.870

61.000 61.000 61.000 61.000
1.000 1.000 1.000 1.000

112.175 112.175 112.175 112.175

5.614 5.614 5.614 5.614

980,829.821 980,829.821 980,829.821 980,829.821
250.000 250.000 250.000 250.000

0.016 0.016 0.016 0.016

Crude Oil Crude Oil Crude Oil Crude Oil
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
Petroleum Distillates - 

Other
56.262 56.262 56.262 56.262

1.417 1.417 1.417 1.417
10.731 10.731 10.731 10.731

475.115 475.115 475.115 475.115

Appendix B - VOC Emission Calculations for Crude Oil, Fixed Roof Storage Tanks Page 16 of 26



Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35Tank Heated - Working Loss User Input user input - tank data

Tank Insulation - Working Loss User Input user input - tank data
TB, liquid bulk temperature, Eq. 1-31

R Working Loss Calculation

uninsulated: Eq. 1-31
insulated shell only: Eq. 1-31
fully insulated: user input
heated: user input

Shell Color/Shade - Working Loss User Input user input - tank data
Shell Condition - Working Loss User Input user input - tank data
TAA, average daily ambient temperature R Working Loss Calculation Table 7.1-7 ((TAX + TAN)/2)
α, tank surface solar absorptance - Working Loss AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day Working Loss AP-42 Factor Table 7.1-7 (met data)

Standing Loss, Eq. 1-4

lb/mo Standing Loss Result calculation

Number of Days the Tank is Not Empty - Standing Loss User Input user input - monthly data
Days in January days/mo Standing Loss Constant lookup in misc tab
D, Tank Diameter ft Standing Loss User Input user input - tank data

L, length of horizontal tank ft Standing Loss User Input user input - tank data
D, diameter of vertical cross-section ft Standing Loss User Input user input - tank data

WV, stock vapor density lb/ft3 Standing Loss Calculation calculation
KS, vented vapor saturation factor, Eq. 1-21

- Standing Loss Calculation calculation

0.053 1/psia-ft Standing Loss Constant constant
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab
HVO, vapor space outage ft Standing Loss Calculation calculation

KE, vapor space expansion factor, Eq. 1-5

1/day Standing Loss Calculation calculation

PA, atmospheric pressure psia Standing Loss AP-42 Factor Table 7.1-7 (met data)
PVA, vapor pressure at average daily liquid surface temperature psia Standing Loss Calculation calculation on PV tab
TLA, average daily liquid surface temperature R Standing Loss Calculation calculation on PV tab
ΔPV, average daily vapor pressure range, Eq. 1-9

psia Standing Loss Calculation calculation

PVX, vapor pressure at the average daily maximum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab
PVN, vapor pressure at the average daily minimum liquid surface temperaturepsia Standing Loss Calculation calculation on PV tab

ΔPB, breather vent pressure setting range
psi Standing Loss Calculation calculation

Tank Construction Type - Standing Loss User Input user input - tank data
PBP, breather vent pressure setting psig Standing Loss User Input user input - tank data
PBV, breather vent vacuum setting psig Standing Loss User Input user input - tank data

ΔTV, average daily vapor temperature range
     Eq. 1-7

     Eq. 1-8

R Standing Loss Calculation

uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8
fully insulated: TBX - TBN

heated: TBX - TBN

Tank Heated - Working Loss User Input user input - tank data
Tank Insulation - Standing Loss User Input user input - tank data
TBX, maximum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data
TBN, minimum liquid bulk temperature in the heating cycle R Standing Loss User Input user input - monthly data
α, tank surface solar absorptance - Standing Loss AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day Standing Loss AP-42 Factor Table 7.1-7 (met data)

Tank Tank Tank Tank

TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)
No No No No

Uninsulated Uninsulated Uninsulated Uninsulated

474.735 474.735 474.735 474.735

Gray - Light Gray - Light Gray - Light Gray - Light
Average Average Average Average
474.570 474.570 474.570 474.570

0.580 0.580 0.580 0.580
95.000 95.000 95.000 95.000

6,211.723 6,211.723 6,211.723 6,211.723

31.000 31.000 31.000 31.000
31.000 31.000 31.000 31.000

250.000 250.000 250.000 250.000

0.016 0.016 0.016 0.016

0.284 0.284 0.284 0.284

0.053 0.053 0.053 0.053
1.417 1.417 1.417 1.417

33.604 33.604 33.604 33.604

0.027 0.027 0.027 0.027

14.560 14.560 14.560 14.560
1.417 1.417 1.417 1.417

475.165 475.165 475.165 475.165

0.103 0.103 0.103 0.103

1.470 1.470 1.470 1.470
1.367 1.367 1.367 1.367

0.025 0.025 0.025 0.025

Welded Welded Welded Welded
0.036 0.036 0.036 0.036
0.011 0.011 0.011 0.011

10.202 10.202 10.202 10.202

No No No No
Uninsulated Uninsulated Uninsulated Uninsulated

N/A N/A N/A N/A
N/A N/A N/A N/A

0.580 0.580 0.580 0.580
95.000 95.000 95.000 95.000
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Example Monthly Emissions Calculation - January

Constituent Unit Calculation Type Entry Type Source

EPN Number - - User Input user input - tank data
Working Loss, Eq. 1-35ΔTA, average daily ambient temperature range, Eq. 1-11

R Standing Loss Calculation calculation

TAX, average daily maximum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data)
TAN, average daily minimum ambient temperature R Standing Loss AP-42 Factor Table 7.1-7 (met data)

HVO, vapor space outage, Vert: Eq. 1-16, Horz: He/2
ft Standing Loss Calculation calculation

D, Tank Diameter ft Standing Loss Calculation calculation
HS, tank shell height ft Standing Loss User Input user input - tank data
HL, average liquid height ft Standing Loss User Input user input - tank data
HRO, roof outage ft Standing Loss Calculation calculation

Roof Type - Standing Loss User Input user input - tank data
If Cone Roof, Eq. 1-17 & 1-18

ft Standing Loss Calculation calculation

HR, tank roof height ft Standing Loss User Input user input - tank data OR calculation

SR, Cone roof slope ft/ft Standing Loss User Input user input - tank data
RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter

If Dome Roof, Eq. 1-19

ft Standing Loss Calculation calculation

RS, Tank shell radius ft Standing Loss Calculation 1/2 of tank diameter
HR, tank roof height, Eq. 1-20

ft Standing Loss Calculation calculation

RR, Dome roof radius ft Standing Loss User Input user input - tank data

Tank Tank Tank Tank

TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

13.000 13.000 13.000 13.000

481.070 481.070 481.070 481.070
468.070 468.070 468.070 468.070

33.604 33.604 33.604 33.604

62.000 62.000 62.000 62.000
31.000 31.000 31.000 31.000

2.604 2.604 2.604 2.604
Cone Cone Cone Cone

2.604 2.604 2.604 2.604

7.813 7.813 7.813 7.813

0.063 0.063 0.063 0.063
125.000 125.000 125.000 125.000

17.148 17.148 17.148 17.148

125.000 125.000 125.000 125.000

33.494 33.494 33.494 33.494

250.000 250.000 250.000 250.000
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Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source Tank Tank Tank Tank Tank Tank Tank

EPN Number - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)
PVA, vapor pressure at average daily liquid surface temperature psia Calculation user input OR calculation 1.417 1.417 1.417 1.417 1.417 1.417 1.417

PVA Calculation Method - - - Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
Tank Heated - User Input user input - tank data No No No No No No No
Tank Insulation - User Input user input - tank data Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Permitted Product - User Input user input - tank data Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Chemical Category - Constant user input - tank data OR chemical data Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

If crude oils, Equation from Figure 7.1-13b:

psia Calculation user input OR calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data

T, stock temperature F Calculation equal to TB, liquid bulk temperature

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLA, average daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt: psia Calculation calculation 1.417 1.417 1.417 1.417 1.417 1.417 1.417

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLA, average daily liquid surface temperature R Calculation calculation 475.165 475.165 475.165 475.165 475.165 475.165 475.165

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLA, average daily liquid surface temperature
     Eq. 1-28

     Eq. 1-29

C Calculation
uninsulated: Eq. 1-28
insulated shell only: Eq. 1-29
fully insulated or heated: equal to TB

-9.169 -9.169 -9.169 -9.169 -9.169 -9.169 -9.169

Shell Color/Shade - User Input user input - tank data Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Shell Condition - User Input user input - tank data Average Average Average Average Average Average Average
TB, liquid bulk temperature, Eq. 1-31

R Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

474.735 474.735 474.735 474.735 474.735 474.735 474.735

TAA, average daily ambient temperature R Calculation Eq. 1-30 474.570 474.570 474.570 474.570 474.570 474.570 474.570
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6 0.580 0.580 0.580 0.580 0.580 0.580 0.580
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data) 95.000 95.000 95.000 95.000 95.000 95.000 95.000
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Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source Tank Tank Tank Tank Tank Tank Tank

EPN Number - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)
PVX, vapor pressure at the average daily maximum liquid surface 
temperature

psia Calculation user input OR calculation 1.470 1.470 1.470 1.470 1.470 1.470 1.470

PVX Calculation Method - - - Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
Tank Heated - User Input user input - tank data No No No No No No No
Tank Insulation - User Input user input - tank data Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Permitted Product - User Input user input - tank data Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Chemical Category - Constant user input - tank data OR chemical data Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

If crude oils, Equation from Figure 7.1-13b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
T, stock temperature

F Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
TAX, maximum daily ambient temperature R Calculation Table 7.1-7 (met data)
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLX, maximum daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt: psia Calculation calculation 1.470 1.470 1.470 1.470 1.470 1.470 1.470

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLX, maximum daily liquid surface temperature, Figure 7.1-17

R Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLX = TBX

heated: TLX = TBX

477.716 477.716 477.716 477.716 477.716 477.716 477.716

TBX, maximum liquid bulk temperature in the heating cycle R User Input user input - tank data N/A N/A N/A N/A N/A N/A N/A
TLA, average daily liquid surface temperature R Calculation calculation 475.165 475.165 475.165 475.165 475.165 475.165 475.165
ΔTV, average daily vapor temperature range
     Eq. 1-7

     Eq. 1-8

R Calculation
uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8

10.202 10.202 10.202 10.202 10.202 10.202 10.202

Shell Color/Shade - User Input user input - tank data Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Shell Condition - User Input user input - tank data Average Average Average Average Average Average Average
ΔTA, average daily ambient temperature range R Calculation calculation (TAX - TAN) 13.000 13.000 13.000 13.000 13.000 13.000 13.000
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6 0.580 0.580 0.580 0.580 0.580 0.580 0.580
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data) 95.000 95.000 95.000 95.000 95.000 95.000 95.000

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLX, maximum daily liquid surface temperature C Calculation calculation (from Figure 7.1-17)

Appendix B - VOC Emission Calculations for Crude Oil, Fixed Roof Storage Tanks Page 20 of 26



Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source Tank Tank Tank Tank Tank Tank Tank

EPN Number - User Input user input - tank data TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35)
PVN, vapor pressure at the average daily minimum liquid surface 
temperature

psia Calculation user input OR calculation 1.367 1.367 1.367 1.367 1.367 1.367 1.367

PVN Calculation Method - - - Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
Tank Heated - User Input user input - tank data No No No No No No No
Tank Insulation - User Input user input - tank data Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Permitted Product - User Input user input - tank data Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Chemical Category - Constant user input - tank data OR chemical data Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

If crude oils, Equation from Figure 7.1-13b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
T, stock temperature

F Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
TAN, minimum daily ambient temperature R Calculation Table 7.1-7 (met data)
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLN, minimum daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt:

psia Calculation calculation 1.367 1.367 1.367 1.367 1.367 1.367 1.367

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLN, minimum daily liquid surface temperature, Figure 7.1-17

R Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLN = TBN

heated: TLN = TBN

472.615 472.615 472.615 472.615 472.615 472.615 472.615

TBN, minimum liquid bulk temperature in the heating cycle R User Input user input - tank data N/A N/A N/A N/A N/A N/A N/A

ΔTV, average daily vapor temperature range, Eq. 1-7 or 1-8 R Calculation
uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8

10.202 10.202 10.202 10.202 10.202 10.202 10.202

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLN, minimum daily liquid surface temperature, Figure 7.1-17

C Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLN = TBN

heated: TLN = TBN
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Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source

EPN Number - User Input user input - tank data
PVA, vapor pressure at average daily liquid surface temperature psia Calculation user input OR calculation

PVA Calculation Method - - -
Tank Heated - User Input user input - tank data
Tank Insulation - User Input user input - tank data
Permitted Product - User Input user input - tank data

Chemical Category - Constant user input - tank data OR chemical data

If crude oils, Equation from Figure 7.1-13b:

psia Calculation user input OR calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data

T, stock temperature F Calculation equal to TB, liquid bulk temperature

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLA, average daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt: psia Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLA, average daily liquid surface temperature R Calculation calculation

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLA, average daily liquid surface temperature
     Eq. 1-28

     Eq. 1-29

C Calculation
uninsulated: Eq. 1-28
insulated shell only: Eq. 1-29
fully insulated or heated: equal to TB

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
TB, liquid bulk temperature, Eq. 1-31

R Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

TAA, average daily ambient temperature R Calculation Eq. 1-30
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

Tank Tank Tank Tank Tank Tank Tank

TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

1.417 1.417 1.417 1.417 1.417 1.417 1.417

Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
No No No No No No No

Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

1.417 1.417 1.4174 1.417414732804 1.417 1.417 1.417

475.165 475.165 475.165 475.165 475.165 475.165 475.165

-9.169 -9.169 -9.169 -9.169 -9.169 -9.169 -9.169

Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Average Average Average Average Average Average Average

474.735 474.735 474.735 474.735 474.735 474.735 474.735

474.570 474.570 474.570 474.570 474.570 474.570 474.570
0.580 0.580 0.580 0.580 0.580 0.580 0.580

95.000 95.000 95.000 95.000 95.000 95.000 95.000
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Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source

EPN Number - User Input user input - tank data
P , vapor pressure at average daily liquid surface temperaturePVX, vapor pressure at the average daily maximum liquid surface 
temperature

psia Calculation user input OR calculation

PVX Calculation Method - - -
Tank Heated - User Input user input - tank data
Tank Insulation - User Input user input - tank data
Permitted Product - User Input user input - tank data

Chemical Category - Constant user input - tank data OR chemical data

If crude oils, Equation from Figure 7.1-13b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
T, stock temperature

F Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
TAX, maximum daily ambient temperature R Calculation Table 7.1-7 (met data)
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLX, maximum daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt: psia Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLX, maximum daily liquid surface temperature, Figure 7.1-17

R Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLX = TBX

heated: TLX = TBX

TBX, maximum liquid bulk temperature in the heating cycle R User Input user input - tank data
TLA, average daily liquid surface temperature R Calculation calculation
ΔTV, average daily vapor temperature range
     Eq. 1-7

     Eq. 1-8

R Calculation
uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
ΔTA, average daily ambient temperature range R Calculation calculation (TAX - TAN)
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLX, maximum daily liquid surface temperature C Calculation calculation (from Figure 7.1-17)

Tank Tank Tank Tank Tank Tank Tank

TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

1.470 1.470 1.470 1.470 1.470 1.470 1.470

Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
No No No No No No No

Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

1.470 1.470 1.470 1.470 1.470 1.470 1.470

477.716 477.716 477.716 477.716 477.716 477.716 477.716

N/A N/A N/A N/A N/A N/A N/A
475.165 475.165 475.165 475.165 475.165 475.165 475.165

10.202 10.202 10.202 10.202 10.202 10.202 10.202

Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light Gray - Light
Average Average Average Average Average Average Average

13.000 13.000 13.000 13.000 13.000 13.000 13.000
0.580 0.580 0.580 0.580 0.580 0.580 0.580

95.000 95.000 95.000 95.000 95.000 95.000 95.000
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Example Monthly Vapor Pressure Calculation - January

Constituent Unit Entry Type Source

EPN Number - User Input user input - tank data
P , vapor pressure at average daily liquid surface temperaturePVN, vapor pressure at the average daily minimum liquid surface 
temperature

psia Calculation user input OR calculation

PVN Calculation Method - - -
Tank Heated - User Input user input - tank data
Tank Insulation - User Input user input - tank data
Permitted Product - User Input user input - tank data

Chemical Category - Constant user input - tank data OR chemical data

If crude oils, Equation from Figure 7.1-13b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
T, stock temperature

F Calculation

uninsulated: user input or calculation
insulated shell only: user input
insulated roof & shell: user input
heated: user input

Shell Color/Shade - User Input user input - tank data
Shell Condition - User Input user input - tank data
TAN, minimum daily ambient temperature R Calculation Table 7.1-7 (met data)
α, tank surface solar absorptance - AP-42 Factor Table 7.1-6
I, average daily total insolation factor Btu/ft2-day AP-42 Factor Table 7.1-7 (met data)

If gasolines, Equation from Figure 7.1-14b:

psia Calculation calculation

RVP, Reid vapor pressure psi AP-42 Factor lookup in chemical data
ASTM Slope F per % AP-42 Factor lookup in chemical data
TLN, minimum daily liquid surface temperature F Calculation calculation

If other petroleum distillates, interpolation OR Eq. from Ch 11.1 for 
Asphalt:

psia Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation R AP-42 Factor chemical tab
TLN, minimum daily liquid surface temperature, Figure 7.1-17

R Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLN = TBN

heated: TLN = TBN

TBN, minimum liquid bulk temperature in the heating cycle R User Input user input - tank data

ΔTV, average daily vapor temperature range, Eq. 1-7 or 1-8 R Calculation
uninsulated: Eq. 1-7
insulated shell only: Eq. 1-8

If organic liquids, Eq. 1-26:

mm Hg Calculation calculation

A, constant in the vapor pressure equation - AP-42 Factor chemical tab
B, constant in the vapor pressure equation C AP-42 Factor chemical tab
C, constant in the vapor pressure equation C AP-42 Factor chemical tab
TLN, minimum daily liquid surface temperature, Figure 7.1-17

C Calculation

uninsulated: calculation
insulated shell only: calculation
insulated roof & shell: TLN = TBN

heated: TLN = TBN

Tank Tank Tank Tank Tank Tank Tank

TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

1.367 1.367 1.367 1.367 1.367 1.367 1.367

Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation Interpolation
No No No No No No No

Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated
Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil

Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other Petroleum Distillates - Other

1.367 1.367 1.367 1.367 1.367 1.367 1.367

472.615 472.615 472.615 472.615 472.615 472.615 472.615

N/A N/A N/A N/A N/A N/A N/A

10.202 10.202 10.202 10.202 10.202 10.202 10.202
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Table 7.1-6. PAINT SOLAR ABSORPTANCE

New Average Aged
Aluminum - mill finish, unpainted (see Note 2) 0.1 0.12 0.15
Aluminum Diffuse 0.6 0.64 0.68
Aluminum Specular 0.39 0.44 0.49
Beige/Cream 0.35 0.42 0.49
Black 0.97 0.97 0.97
Brown 0.58 0.62 0.67
Gray - Light 0.54 0.58 0.63
Gray - Medium 0.68 0.71 0.74
Green - Dark 0.89 0.9 0.91
Red - Primer 0.89 0.9 0.91
Rust - red iron oxide 0.38 0.44 0.5
Tan 0.43 0.49 0.55
White 0.17 0.25 0.34

Reflective Condition
(see Note 1)Surface Color, Shade or Type

NOTE 1 
Reflective condition definitions:
New: For paint, paint still retains the fresh shine of having been recently
applied; for mill-finish aluminum, surface is shiny. This was previously
labeled “Good.”
Average: For paint, paint is in good condition, but the initial shine has
faded; for mill-finish aluminum, surface is oxidized but still bright. The
value given in each case is the average of the New and the Aged values
for that case, and does not represent new data.
Aged: For paint, paint is noticeably faded and dull; for mill-finish aluminum,
surface is dull. This was previously labeled “Poor.”

NOTE 2
This refers to aluminum as the base metal, rather than aluminum colored
paint.
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Table 7.1-7. METEOROLOGICAL DATA (TAX, TAN, V, I, PA) FOR SELECTED U.S. LOCATIONS, Rev 11/2019.

Location Symbol Units January February March April May June July August September October November December Annual

Anchorage, AK TAN °F 8.4 11.5 18.1 28.6 38.8 47.1 51.6 49.5 41.5 28.8 15.1 10 29.1
Anchorage, AK TAX °F 21.4 25.9 33.1 42.8 54.3 61.5 65.1 63 55.2 40.5 27.1 22.5 42.6
Anchorage, AK V mph 6.5 6.9 6.7 7.4 8.3 8.5 7.2 6.9 6.7 6.7 6.5 6.3 6.9
Anchorage, AK I Btu/ft2/day 95 317.00 729.00 1,141.00 1,458.00 1,554.00 1,458.00 1,110.00 698.00 349.00 127 63 761.00
Anchorage, AK PA lb/in2 14.56
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 Appendix C – VOC Emission Calculations for Crude Oil,  
Internal Floating Roof Storage   Tanks 

 



VOC Calculation for Crude Oil Storage Tanks with Internal Floating Roofs

Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank

TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil Crude Oil
Year To Date

Total Loss (lb/yr) 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411 8,553.411
Total Loss (tpy) 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277 4.277
Working Loss (lb/yr) 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706 4,386.706
Standing Loss (lb/yr) 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705 4,166.705
Floating Roof Landing Loss (lb/yr) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/yr) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005 2.005
Tank Temperature ( ° F) 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834 37.834

January
Total Loss (lb/mo) 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246 603.246
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687 237.687
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410 1.410
Tank Temperature ( ° F) 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143 15.143

February
Total Loss (lb/mo) 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333 619.333
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774 253.774
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501 1.501
Tank Temperature ( ° F) 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512 19.512

March
Total Loss (lb/mo) 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651 651.651
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092 286.092
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681 1.681
Tank Temperature ( ° F) 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468 27.468

April
Total Loss (lb/mo) 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534 704.534
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975 338.975
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969 1.969
Tank Temperature ( ° F) 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623 38.623

Tank Contents Maximum Minimum Average
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VOC Calculation for Crude Oil Storage Tanks with Internal Floating Roofs

Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank

TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

Tank Contents Maximum Minimum Average

May
Total Loss (lb/mo) 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222 771.222
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663 405.663
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325 2.325
Tank Temperature ( ° F) 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285 50.285

June
Total Loss (lb/mo) 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121 825.121
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562 459.562
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605 2.605
Tank Temperature ( ° F) 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281 58.281

July
Total Loss (lb/mo) 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482 853.482
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923 487.923
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750 2.750
Tank Temperature ( ° F) 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085 62.085

August
Total Loss (lb/mo) 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022 831.022
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464 465.464
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635 2.635
Tank Temperature ( ° F) 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094 59.094

September
Total Loss (lb/mo) 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297 770.297
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738 404.738
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320 2.320
Tank Temperature ( ° F) 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138 50.138
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VOC Calculation for Crude Oil Storage Tanks with Internal Floating Roofs

Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank Tank

TANK #1 (EU29) TANK #2 (EU30) TANK #3 (EU31) TANK #4 (EU32) TANK #5 (EU33) TANK #6 (EU34) TANK #7 (EU35) TANK #8 (EU36) TANK #9 (EU37) TANK #10 (EU38) TANK #11 (EU39) TANK #12 (EU40) TANK #13 (EU41) TANK #14 (EU42)

Tank Contents Maximum Minimum Average

October
Total Loss (lb/mo) 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967 688.967
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408 323.408
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885 1.885
Tank Temperature ( ° F) 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544 35.544

November
Total Loss (lb/mo) 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735 626.735
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176 261.176
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542 1.542
Tank Temperature ( ° F) 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425 21.425

December
Total Loss (lb/mo) 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801 607.801
Working Loss (lb/mo) 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559 365.559
Standing Loss (lb/mo) 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242 242.242
Floating Roof Landing Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Cleaning Loss (lb/mo) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tank Average Vapor Pressure (psia) 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436 1.436
Tank Temperature ( ° F) 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411 16.411
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 Appendix D – JBE Flash Tool Supporting Emission Calculations 

 



JBE Flash Tool - Vapor Pressure Dataset

Vapor Pressure (psia)  at: 

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100
F F F F F F F F F F F F F F

Crude EPA 6.380 63.906 0.1579 0.2094 0.2742 0.3551 0.4551 0.5775 0.7260 0.9046 1.1180 1.3710 1.6689 2.0173 2.4224 2.8906
Crude Natl Avg 6.397 55.907 0.2750 0.3543 0.4515 0.5695 0.7113 0.8804 1.0806 1.3159 1.5905 1.9091 2.2766 2.6979 3.1786 3.7263
Crude Bakken 5.900 52.693 1.1771 1.5011 1.8934 2.3639 2.9234 3.5834 4.3560 5.2542 6.2914 7.4819 8.8403 10.3820 12.1225 14.0781
Crude WTI 6.379 63.536 0.1591 0.2107 0.2758 0.3568 0.4568 0.5790 0.7271 0.9050 1.1173 1.3686 1.6641 2.0094 2.4102 2.8730
Crude North Slope 6.400 55.757 0.4374 0.5663 0.7244 0.9163 1.1469 1.4215 1.7457 2.1256 2.5674 3.0777 3.6632 4.3312 5.0889 5.9437
Crude Arab Light 6.346 57.902 0.3695 0.4784 0.6124 0.7758 0.9734 1.2101 1.4916 1.8238 2.2133 2.6668 3.1919 3.7962 4.4879 5.2757
Crude Cold Lake 6.272 66.812 0.2056 0.2767 0.3674 0.4820 0.6251 0.8019 1.0182 1.2805 1.5959 1.9720 2.4173 2.9405 3.5513 4.2598
Crude La Light Sweet 6.296 52.025 1.0792 1.3765 1.7359 2.1662 2.6767 3.2772 3.9782 4.7905 5.7256 6.7949 8.0107 9.3854 10.9314 12.6619
Crude West TX Sour 6.346 57.776 0.3775 0.4886 0.6254 0.7922 0.9936 1.2349 1.5217 1.8601 2.2565 2.7179 3.2516 3.8655 4.5678 5.3669
Crude Maya 6.357 63.475 0.1622 0.2147 0.2810 0.3635 0.4652 0.5896 0.7402 0.9211 1.1367 1.3919 1.6917 2.0417 2.4478 2.9163
Crude Thunderhorse 6.346 57.902 0.3695 0.4784 0.6124 0.7758 0.9734 1.2101 1.4916 1.8238 2.2133 2.6668 3.1919 3.7962 4.4879 5.2757
Crude Eagle Ford 6.285 64.917 0.2887 0.3858 0.5087 0.6626 0.8529 1.0862 1.3692 1.7096 2.1155 2.5959 3.1602 3.8185 4.5816 5.4606
Crude Midway Sunset 6.479 86.550 0.0024 0.0036 0.0052 0.0076 0.0107 0.0149 0.0205 0.0277 0.0368 0.0484 0.0629 0.0808 0.1026 0.1291
Gasoline RVP 9 5.894 65.206 0.5225 0.6993 0.9230 1.2026 1.5483 1.9715 2.4845 3.1012 3.8363 4.7059 5.7273 6.9191 8.3008 9.8933
Gasoline RVP 11 5.855 63.559 0.6774 0.9030 1.1871 1.5405 1.9753 2.5048 3.1435 3.9074 4.8134 5.8799 7.1263 8.5734 10.2432 12.1584
Gasoline RVP 13 5.820 62.578 0.8126 1.0809 1.4178 1.8356 2.3481 2.9705 3.7190 4.6114 5.6666 6.9049 8.3479 10.0180 11.9392 14.1362
Gasoline RVP 15 5.786 61.875 0.9428 1.2522 1.6399 2.1198 2.7072 3.4189 4.2732 5.2893 6.4883 7.8922 9.5243 11.4093 13.5726 16.0410
Cat Gas 5.803 70.130 0.3759 0.5153 0.6954 0.9249 1.2139 1.5733 2.0154 2.5539 3.2036 3.9803 4.9013 5.9851 7.2510 8.7198
LSR 5.958 63.114 0.2107 0.2807 0.3687 0.4781 0.6126 0.7764 0.9739 1.2102 1.4905 1.8207 2.2070 2.6562 3.1752 3.7718
Naphtha 5.989 70.502 0.0726 0.0987 0.1324 0.1753 0.2294 0.2968 0.3801 0.4822 0.6062 0.7558 0.9349 1.1479 1.3996 1.6953
Jet Kero 6.240 68.885 0.1219 0.1628 0.2146 0.2798 0.3610 0.4612 0.5839 0.7329 0.9125 1.1274 1.3829 1.6847 2.0392 2.4531
Reformate 6.202 63.069 0.4017 0.5126 0.6509 0.8225 1.0337 1.2920 1.6056 1.9840 2.4373 2.9770 3.6153 4.3656 5.2425 6.2615
Diesel 6.501 93.644 0.0004 0.0006 0.0010 0.0015 0.0023 0.0034 0.0049 0.0069 0.0097 0.0134 0.0181 0.0243 0.0321 0.0420
LCO 6.496 95.722 0.0002 0.0004 0.0006 0.0009 0.0013 0.0020 0.0028 0.0041 0.0057 0.0079 0.0108 0.0146 0.0194 0.0255
Gas Oil 6.477 199.909 5.82E-08 1.41E-07 3.23E-07 7.04E-07 1.47E-06 2.93E-06 5.64E-06 1.04E-05 1.87E-05 3.26E-05 5.51E-05 9.08E-05 0.0001 0.0002
No6 FO 6.491 117.672 3.83E-05 6.72E-05 0.0001 0.0002 0.0003 0.0005 0.0007 0.0011 0.0016 0.0023 0.0032 0.0045 0.0062 0.0084
Alkylate 5.956 66.411 0.4206 0.5638 0.7451 0.9717 1.2518 1.5943 2.0090 2.5065 3.0983 3.7968 4.6150 5.5668 6.6669 7.9306

Liquid Density
(lb/gal)

Vapor Molecular 
Weight
(g/mol)

Tank Product
(Tab Name)
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JBE Flash Tool - Vapor Pressure Dataset

Crude EPA 6.380 63.906
Crude Natl Avg 6.397 55.907
Crude Bakken 5.900 52.693
Crude WTI 6.379 63.536
Crude North Slope 6.400 55.757
Crude Arab Light 6.346 57.902
Crude Cold Lake 6.272 66.812
Crude La Light Sweet 6.296 52.025
Crude West TX Sour 6.346 57.776
Crude Maya 6.357 63.475
Crude Thunderhorse 6.346 57.902
Crude Eagle Ford 6.285 64.917
Crude Midway Sunset 6.479 86.550
Gasoline RVP 9 5.894 65.206
Gasoline RVP 11 5.855 63.559
Gasoline RVP 13 5.820 62.578
Gasoline RVP 15 5.786 61.875
Cat Gas 5.803 70.130
LSR 5.958 63.114
Naphtha 5.989 70.502
Jet Kero 6.240 68.885
Reformate 6.202 63.069
Diesel 6.501 93.644
LCO 6.496 95.722
Gas Oil 6.477 199.909
No6 FO 6.491 117.672
Alkylate 5.956 66.411

Liquid Density
(lb/gal)

Vapor Molecular 
Weight
(g/mol)

Tank Product
(Tab Name)

Vapor Pressure (psia)  at: 

110 120 130 140 150 160 170 180 190 200 210 220 230 240
F F F F F F F F F F F F F F
3.4289 4.0445 4.7451 5.5386 6.4334 7.4382 8.5619 9.8138 11.2036 12.7409 14.4360 16.2991 18.3407 20.5715
4.3436 5.0395 5.7978 6.6610 7.6199 8.6815 9.8526 11.1404 12.5520 14.0947 15.7758 17.6030 19.5836 21.7252

16.2652 18.7007 21.4018 24.3856 27.6698 31.2719 35.2095 39.5004 44.1622 49.2125 54.6686 60.5480 66.8677 73.6446
3.4043 4.0112 4.7011 5.4815 6.3605 7.3465 8.4480 9.6740 11.0335 12.5359 14.1909 16.0082 17.9979 20.1701
6.9033 7.9755 9.1682 10.4894 11.9470 13.5493 15.3042 17.2200 19.3047 21.5663 24.0129 26.6524 29.4926 32.5414
6.1685 7.1756 8.3069 9.5723 10.9822 12.5473 14.2784 16.1867 18.2837 20.5807 23.0897 25.8225 28.7911 32.0077
5.0767 6.0132 7.0811 8.2926 9.6604 11.1977 12.9181 14.8352 16.9635 19.3172 21.9112 24.7604 27.8798 31.2848

14.5897 16.7282 19.0906 21.6903 24.5408 27.6555 31.0479 34.7312 38.7188 43.0239 47.6594 52.6384 57.9735 63.6773
6.2719 7.2920 8.4368 9.7163 11.1406 12.7202 14.4658 16.3883 18.4987 20.8084 23.3286 26.0709 29.0469 32.2681
3.4537 4.0670 4.7634 5.5506 6.4364 7.4290 8.5367 9.7683 11.1327 12.6388 14.2962 16.1141 18.1024 20.2707
6.1685 7.1756 8.3069 9.5723 10.9822 12.5473 14.2784 16.1867 18.2837 20.5807 23.0897 25.8225 28.7911 32.0077
6.4674 7.6144 8.9142 10.3802 12.0260 13.8657 15.9134 18.1840 20.6923 23.4534 26.4826 29.7953 33.4070 37.3335
0.1610 0.1990 0.2440 0.2968 0.3585 0.4300 0.5125 0.6071 0.7151 0.8378 0.9765 1.1326 1.3078 1.5035

11.7186 13.7997 16.1606 18.8263 21.8228 25.1769 28.9162 33.0688 37.6638 42.7306 48.2991 54.3997 61.0630 68.3200
14.3432 16.8227 19.6227 22.7702 26.2928 30.2189 34.5776 39.3984 44.7114 50.5473 56.9369 63.9112 71.5016 79.7393
16.6350 19.4623 22.6458 26.2139 30.1959 34.6215 39.5210 44.9252 50.8653 57.3727 64.4792 72.2164 80.6163 89.7105
18.8421 22.0044 25.5572 29.5305 33.9549 38.8614 44.2818 50.2479 56.7919 63.9461 71.7430 80.2150 89.3944 99.3134
10.4129 12.3529 14.5634 17.0684 19.8931 23.0630 26.6044 30.5439 34.9086 39.7259 45.0235 50.8291 57.1706 64.0759

4.4539 5.2300 6.1091 7.1005 8.2141 9.4602 10.8494 12.3929 14.1021 15.9891 18.0662 20.3459 22.8414 25.5659
2.0408 2.4423 2.9065 3.4407 4.0524 4.7501 5.5424 6.4386 7.4484 8.5821 9.8505 11.2647 12.8364 14.5778
2.9338 3.4892 4.1278 4.8587 5.6916 6.6366 7.7048 8.9074 10.2565 11.7648 13.4454 15.3121 17.3793 19.6619
7.4392 8.7931 10.3419 12.1052 14.1034 16.3581 18.8915 21.7268 24.8879 28.3993 32.2864 36.5751 41.2918 46.4634
0.0543 0.0696 0.0882 0.1109 0.1383 0.1710 0.2099 0.2559 0.3098 0.3728 0.4459 0.5305 0.6278 0.7392
0.0332 0.0427 0.0545 0.0688 0.0862 0.1072 0.1322 0.1619 0.1969 0.2381 0.2861 0.3419 0.4065 0.4808
0.0004 0.0005 0.0008 0.0012 0.0017 0.0025 0.0035 0.0049 0.0067 0.0092 0.0125 0.0167 0.0223 0.0294
0.0113 0.0149 0.0195 0.0252 0.0323 0.0410 0.0516 0.0645 0.0799 0.0984 0.1204 0.1465 0.1771 0.2131
9.3739 11.0136 12.8668 14.9515 17.2859 19.8889 22.7796 25.9778 29.5032 33.3762 37.6172 42.2469 47.2861 52.7558
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JBE Flash Tool - Vapor Pressure Dataset

Crude EPA 6.380 63.906
Crude Natl Avg 6.397 55.907
Crude Bakken 5.900 52.693
Crude WTI 6.379 63.536
Crude North Slope 6.400 55.757
Crude Arab Light 6.346 57.902
Crude Cold Lake 6.272 66.812
Crude La Light Sweet 6.296 52.025
Crude West TX Sour 6.346 57.776
Crude Maya 6.357 63.475
Crude Thunderhorse 6.346 57.902
Crude Eagle Ford 6.285 64.917
Crude Midway Sunset 6.479 86.550
Gasoline RVP 9 5.894 65.206
Gasoline RVP 11 5.855 63.559
Gasoline RVP 13 5.820 62.578
Gasoline RVP 15 5.786 61.875
Cat Gas 5.803 70.130
LSR 5.958 63.114
Naphtha 5.989 70.502
Jet Kero 6.240 68.885
Reformate 6.202 63.069
Diesel 6.501 93.644
LCO 6.496 95.722
Gas Oil 6.477 199.909
No6 FO 6.491 117.672
Alkylate 5.956 66.411

Liquid Density
(lb/gal)

Vapor Molecular 
Weight
(g/mol)

Tank Product
(Tab Name)

Vapor Pressure (psia)  at: 

250 260 270 280 290 300
F F F F F F

23.0024 25.6444 28.5088 31.6068 34.9498 38.5495
24.0356 26.5223 29.1931 32.0556 35.1175 38.3865
80.8952 88.6359 96.8827 105.6512 114.9566 124.8139
22.5353 25.1039 27.8865 30.8939 34.1370 37.6267
35.8064 39.2952 43.0153 46.9740 51.1786 55.6364
35.4845 39.2339 43.2681 47.5998 52.2412 57.2049
34.9907 39.0129 43.3670 48.0684 53.1328 58.5756
69.7622 76.2405 83.1240 90.4247 98.1540 106.3233
35.7465 39.4936 43.5214 47.8415 52.4659 57.4062
22.6290 25.1873 27.9558 30.9448 34.1646 37.6256
35.4845 39.2339 43.2681 47.5998 52.2412 57.2049
41.5902 46.1929 51.1572 56.4988 62.2331 68.3756

1.7215 1.9635 2.2313 2.5270 2.8526 3.2103
76.2016 84.7389 93.9632 103.9055 114.5966 126.0672
88.6559 98.2826 108.6505 119.7907 131.7339 144.5104
99.5307 110.1086 121.4752 133.6614 146.6979 160.6146

110.0040 121.4979 133.8262 147.0199 161.1093 176.1241
71.5728 79.6889 88.4516 97.8882 108.0254 118.8897
28.5332 31.7571 35.2519 39.0321 43.1122 47.5072
16.5014 18.6201 20.9473 23.4967 26.2822 29.3183
22.1753 24.9357 27.9594 31.2636 34.8658 38.7840
52.1173 58.2813 64.9835 72.2521 80.1157 88.6030

0.8663 1.0108 1.1744 1.3592 1.5671 1.8004
0.5661 0.6637 0.7748 0.9011 1.0440 1.2055
0.0386 0.0501 0.0647 0.0829 0.1056 0.1335
0.2551 0.3040 0.3607 0.4263 0.5019 0.5889

58.6770 65.0708 71.9583 79.3606 87.2987 95.7935
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North Slope Stream Speciation Example

C' -100
INPUT INPUT 1000

API Ant Coeff Ant Coeff Actual Liq Den NBP Y or N wt% wt frac/
Comp # Comp # Form Formula wt% vol% (lb/gal) (Deg F) (Deg F) Within BP Range density

@60F Normalized

00142-29-0 Cyclopentene 310 200 C5H8 C5H8 -                             6.44             111.00         1.00             
00287-92-3 Cyclopentane 101 208 C5H10 C5H10 0.09                           6.22             121.00         1.00             0.09             0.00014      
00109-67-1 1-Pentene 198 202 C5H10 C5H10 -                             5.35             88.00           1.00             
00108-95-2 Phenol 724 241 C6H6O C6H6O -                             8.80             359.00         1.00             
00592-41-6 1-Hexene 204 252 C6H12 C6H12 -                             5.62             147.00         1.00             
00096-37-7 Methylcyclopentane 102 270 C6H12 C6H12 0.00                           6.25             161.00         1.00             0.00             0.00000      
00110-82-7 Cyclohexane 146 269 C6H12 C6H12 0.40                           6.46             177.00         1.00             0.40             0.00061      
00110-54-3 n-Hexane 9 274 C6H14 C6H14 0.49                           5.47             156.00         1.00             0.49             0.00089      
00079-29-8 2,3-Dimethylbutane 13 278 C6H14 C6H14 0.01                           5.52             136.00         1.00             0.01             0.00002      
00107-83-5 2-Methylpentane 10 275 C6H14 C6H14 0.28                           5.43             142.00         1.00             0.28             0.00051      
00071-43-2 Benzene 335 240 C6H6 C6H6 0.23                           7.32             176.00         1.00             0.23             0.00031      
00095-48-7 o-Cresol 725 296 C7H8O C7H8O -                             9.47             376.00         1.00             
01638-26-2 1,1-Dimethylcyclopentane 104 302 C7H14 C7H14 -                             6.26             190.00         1.00             
01640-89-7 Ethylcyclopentane 103 301 C7H14 C7H14 - 6.40             218.00         1.00             -
00108-87-2 Methylcyclohexane 147 307 C7H14 C7H14 0.66                           6.42             214.00         1.00             0.66             0.00103      
00142-82-5 n-Heptane 14 309 C7H16 C7H16 0.41                           5.71             209.00         1.00             0.41             0.00071      
00617-78-7 3-Ethylpentane 17 312 C7H16 C7H16 -                             5.83             200.00         1.00             
00590-35-2 2,2-Dimethylpentane 18 313 C7H16 C7H16 0.36                           5.63             174.00         1.00             0.36             0.00064      
00108-08-7 2,4-Dimethylpentane 20 315 C7H16 C7H16 0.02                           5.62             177.00         1.00             0.02             0.00004      
00565-59-3 2,3-Dimethylpentane 19 314 C7H16 C7H16 0.06                           5.80             194.00         1.00             0.06             0.00010      
00562-49-2 3,3-Dimethylpentane 32 316 C7H16 C7H16 -                             5.79             187.00         1.00             
00591-76-4 2-Methylhexane 15 310 C7H16 C7H16 0.13                           5.66             194.00         1.00             0.13             0.00023      
00589-34-4 3-Methylhexane 16 311 C7H16 C7H16 0.16                           5.72             197.00         1.00             0.16             0.00028      
00108-88-3 Toluene 336 293 C7H8 C7H8 0.52                           7.24             231.00         1.00             0.52             0.00071      
00100-41-4 Ethylbenzene 337 327 C8H10 C8H10 0.11                           7.24             277.00         1.00             0.11             0.00016      
00095-47-6 o-Xylene 338 329 C8H10 C8H10 0.15                           7.36             291.00         1.00             0.15             0.00020      
00108-38-3 m-Xylene 339 328 C8H10 C8H10 0.23                           7.21             283.00         1.00             0.23             0.00032      
00106-42-3 p-Xylene 340 330 C8H10 C8H10 0.23                           7.19             281.00         1.00             0.23             0.00032      
00111-66-0 1-Octene 257 332 C8H16 C8H16 -                             5.97             251.00         1.00             
00111-65-9 n-Octane 23 344 C8H18 C8H18 0.37                           5.83             258.00         1.00             0.37             0.00063      
00564-02-3 2,2,3-Trimethylpentane 36 357 C8H18 C8H18 - 5.74             230.00         1.00             -
00540-84-1 2,2,4-Trimethylpentane 37 358 C8H18 C8H18 -                             5.74             211.00         1.00             
00560-21-4 2,3,3-Trimethylpentane 38 359 C8H18 C8H18 -                             6.06             238.00         1.00             
00565-75-3 2,3,4-Trimethylpentane 39 360 C8H18 C8H18 0.01                           6.00             237.00         1.00             0.01             0.00001      
00095-63-6 1,2,4-Trimethylbenzene 347 384 C9H12 C9H12 0.14                           7.31             337.00         1.00             0.14             0.00020      
00098-82-8 Isopropylbenzene (cumene) 342 379 C9H12 C9H12 0.02                           7.19             305.00         1.00             0.02             0.00003      
00111-84-2 n-Nonane 41 393 C9H20 C9H20 0.40                           5.99             303.00         1.00             0.40             0.00067      
00091-20-3 Naphthalene 427 434 C10H8 C10H8 -                             8.56             422.00         1.00             
00141-93-5 1,3-Diethylbenzene 360 437 C10H14 C10H14 - 7.18             358.00         1.00             -
00124-18-5 n-Decane 62 450 C10H22 C10H22 0.36                           6.09             345.00         1.00             0.36             0.00059      

ConstituentCAS Number
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North Slope Stream Speciation Example

C' -100
INPUT INPUT 1000

API Ant Coeff Ant Coeff Actual Liq Den NBP Y or N wt% wt frac/
Comp # Comp # Form Formula wt% vol% (lb/gal) (Deg F) (Deg F) Within BP Range density

@60F Normalized

ConstituentCAS Number

01120-21-4 n-Undecane 73 541 C11H24 C11H24 0.22                           6.18             383.00         1.00             0.22             0.00035      
00092-52-4 Biphenyl 396 548 C12H10 C12H10 -                             8.68             489.00         1.00             
00112-40-3 n-Dodecane 74 569 C12H26 C12H26 0.12                           6.25             421.00         1.00             0.12             0.00020      
00629-50-5 n-Tridecane 75 588 C13H28 C13H28 - 6.31             453.00         1.00             -
00085-01-8 Phenanthrene 475 595 C14H10 C14H10 -                             8.18             635.00         1.00             
00206-44-0 Fluoranthene 477 628 C16H10 C16H10 - 10.45           723.00         1.00             -
00056-55-3 Benz(a)anthracene 474 655 C18H12 C18H12 - 9.25             820.00         1.00             -
00218-01-9 Chrysene 478 655 C18H12 C18H12 - 10.63           838.00         1.00             -
00593-45-3 n-Octadecane 80 661 C18H38 C18H38 - 6.48             592.00         1.00             -
00629-92-5 n-Nonadecane 81 675 C19H40 C19H40 - 6.56             624.00         1.00             -
00050-32-8 Benzo(a)pyrene 476 655 C20H12 C20H12 - 9.25             923.00         1.00             -
00629-94-7 n-Heneicosane 83 687 C21H44 C21H44 - 6.61             679.00         1.00             -
00191-24-2 Benzo(g,h,i)perylene 478 682 C22H12 C22H12 - 10.83           -               1.00             -
00074-82-8 Methane 1 29 C1H4 C1H4 -                             3.53             (260.00)       
00074-85-1 Ethylene 192 60 C2H7N C2H7N -                             4.74             (155.00)       
00067-56-1 Methanol 709 30 C1H4O C1H4O -                             6.61             148.00         1.00             
00074-84-0 Ethane 2 79 C2H6 C2H6 0.03                           2.97             (127.00)       
00074-98-6 N-Propane 3 121 C3H8 C3H8 0.16                           4.12             (44.00)         1.00             0.16             0.00039      
00115-07-1 Propene 193 97 C3H6 C3H6 - 4.22             (54.00)         1.00             -
00078-93-3 Methyl Ethyl Ketone 822 151 C4H8O2 C4H8O2 -                             6.68             176.00         1.00             
00106-97-8 N-Butane 4 167 C4H10 C4H10 1.53                           4.78             32.00           1.00             1.53             0.00320      
00075-28-5 Isobutane 5 168 C4H10 C4H10 0.31                           4.60             12.00           1.00             0.31             0.00067      
00078-78-4 Isopentane (2-Methylbutane) 8 219 C5H12 C5H12 0.38                           5.18             82.00           1.00             0.38             0.00073      
00109-66-0 N-Pentane 5 218 C5H12 C5H12 0.55                           5.23             97.00           1.00             0.55             0.00105      
00142-82-5 n-Heptane (surrogate only) 14 309 C7H16 C7H16 5.71             209.00         1.00             
00111-84-2 C9 surrogate 41 393 C9H20 C9H20 5.99             303.00         1.00             
00112-40-3 C12 surrogate 74 569 C12H26 C12H26 6.25             421.00         1.00             
00593-45-3 C18 surrogate 80 661 C18H38 C18H38 90.88                         6.48             592.00         1.00             90.88           0.14028      

SUM: 100.0000                  -                                    99.9700      6.400
Density of liquid mixture (lb/gal)
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North Slope Stream Speciation Example

00142-29-0 Cyclopentene
00287-92-3 Cyclopentane
00109-67-1 1-Pentene
00108-95-2 Phenol
00592-41-6 1-Hexene
00096-37-7 Methylcyclopentane
00110-82-7 Cyclohexane
00110-54-3 n-Hexane
00079-29-8 2,3-Dimethylbutane
00107-83-5 2-Methylpentane
00071-43-2 Benzene
00095-48-7 o-Cresol
01638-26-2 1,1-Dimethylcyclopentane
01640-89-7 Ethylcyclopentane
00108-87-2 Methylcyclohexane
00142-82-5 n-Heptane
00617-78-7 3-Ethylpentane
00590-35-2 2,2-Dimethylpentane
00108-08-7 2,4-Dimethylpentane
00565-59-3 2,3-Dimethylpentane
00562-49-2 3,3-Dimethylpentane
00591-76-4 2-Methylhexane
00589-34-4 3-Methylhexane
00108-88-3 Toluene
00100-41-4 Ethylbenzene
00095-47-6 o-Xylene
00108-38-3 m-Xylene
00106-42-3 p-Xylene
00111-66-0 1-Octene
00111-65-9 n-Octane
00564-02-3 2,2,3-Trimethylpentane
00540-84-1 2,2,4-Trimethylpentane
00560-21-4 2,3,3-Trimethylpentane
00565-75-3 2,3,4-Trimethylpentane
00095-63-6 1,2,4-Trimethylbenzene
00098-82-8 Isopropylbenzene (cumene)
00111-84-2 n-Nonane
00091-20-3 Naphthalene
00141-93-5 1,3-Diethylbenzene
00124-18-5 n-Decane

ConstituentCAS Number A B' B' B' B' B' B' B' B' B' D E
D=C'/A E=D/(SUM D)

Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at
Mol Wt -30 -20 -10 0 10 20 30 40 50 Liquid Liquid

F F F F F F F F F
(psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (mol/100 g) Mol Fract

68.12           0.19          0.28          0.40          0.57          0.79          1.08          1.45          1.93          2.52          -                     -                     
70.13           0.29          0.42          0.59          0.81          1.10          1.48          1.95          2.54          3.28          0.0012              0.0026              
70.13           0.76          1.06          1.44          1.94          2.57          3.36          4.33          5.52          6.95          -                     -                     
94.11           0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          -                     -                     
84.16           0.13          0.20          0.29          0.41          0.57          0.78          1.05          1.40          1.84          -                     -                     
84.16           0.09          0.14          0.20          0.28          0.40          0.55          0.75          1.01          1.33          0.0000              0.0000              
84.16           0.06          0.08          0.13          0.18          0.26          0.37          0.51          0.69          0.92          0.0047              0.0101              
86.18           0.10          0.15          0.22          0.31          0.44          0.61          0.83          1.11          1.47          0.0057              0.0121              
86.18           0.20          0.29          0.41          0.57          0.79          1.06          1.41          1.85          2.39          0.0001              0.0003              
86.18           0.16          0.24          0.35          0.49          0.67          0.92          1.23          1.62          2.12          0.0032              0.0069              
78.11           0.05          0.08          0.11          0.17          0.24          0.34          0.48          0.65          0.88          0.0029              0.0063              

108.14         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          -                     -                     
98.19           0.04          0.06          0.09          0.14          0.20          0.28          0.38          0.52          0.70          -                     -                     
98.19           0.02          0.03          0.04          0.06          0.09          0.13          0.18          0.25          0.35          
98.19           0.02          0.03          0.05          0.07          0.11          0.16          0.22          0.30          0.42          0.0067              0.0144              

100.20         0.02          0.03          0.04          0.07          0.10          0.14          0.21          0.29          0.40          0.0040              0.0087              
100.20         0.03          0.04          0.06          0.09          0.14          0.20          0.28          0.38          0.52          -                     -                     
100.20         0.06          0.10          0.14          0.20          0.29          0.41          0.56          0.75          1.00          0.0036              0.0078              
100.20         0.06          0.09          0.13          0.18          0.26          0.37          0.51          0.69          0.93          0.0002              0.0004              
100.20         0.03          0.05          0.08          0.12          0.17          0.24          0.34          0.47          0.63          0.0006              0.0012              
100.20         0.05          0.07          0.11          0.16          0.22          0.31          0.43          0.58          0.78          -                     -                     
100.20         0.03          0.05          0.07          0.11          0.16          0.23          0.32          0.44          0.60          0.0013              0.0028              
100.20         0.03          0.04          0.07          0.10          0.15          0.21          0.29          0.41          0.55          0.0016              0.0035              

92.14           0.01          0.02          0.02          0.04          0.06          0.08          0.12          0.17          0.24          0.0056              0.0120              
106.17         0.00          0.00          0.01          0.01          0.01          0.02          0.03          0.05          0.07          0.0011              0.0023              
106.17         0.00          0.00          0.00          0.01          0.01          0.01          0.02          0.03          0.05          0.0014              0.0029              
106.17         0.00          0.00          0.00          0.01          0.01          0.02          0.03          0.04          0.06          0.0022              0.0047              
106.17         0.00          0.00          0.01          0.01          0.01          0.02          0.03          0.05          0.07          0.0022              0.0047              
112.21         0.00          0.01          0.01          0.02          0.03          0.04          0.07          0.10          0.14          -                     -                     
114.23         0.00          0.01          0.01          0.01          0.02          0.03          0.05          0.07          0.10          0.0032              0.0069              
114.23         0.01          0.02          0.03          0.05          0.07          0.10          0.14          0.20          0.28          
114.23         0.02          0.03          0.05          0.08          0.12          0.17          0.24          0.33          0.44          -                     -                     
114.23         0.01          0.02          0.02          0.04          0.06          0.08          0.12          0.17          0.23          -                     -                     
114.23         0.01          0.02          0.02          0.04          0.06          0.08          0.12          0.17          0.23          0.0001              0.0001              
120.19         0.00          0.00          0.00          0.00          0.00          0.00          0.01          0.01          0.01          0.0012              0.0026              
120.19         0.00          0.00          0.00          0.00          0.01          0.01          0.01          0.02          0.03          0.0002              0.0004              
128.26         0.00          0.00          0.00          0.00          0.01          0.01          0.01          0.02          0.03          0.0031              0.0068              
128.17         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          -                     -                     
134.22         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.01          
142.28         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.01          0.01          0.0025              0.0054              
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North Slope Stream Speciation Example

ConstituentCAS Number

01120-21-4 n-Undecane
00092-52-4 Biphenyl
00112-40-3 n-Dodecane
00629-50-5 n-Tridecane
00085-01-8 Phenanthrene
00206-44-0 Fluoranthene
00056-55-3 Benz(a)anthracene
00218-01-9 Chrysene
00593-45-3 n-Octadecane
00629-92-5 n-Nonadecane
00050-32-8 Benzo(a)pyrene
00629-94-7 n-Heneicosane
00191-24-2 Benzo(g,h,i)perylene
00074-82-8 Methane
00074-85-1 Ethylene
00067-56-1 Methanol
00074-84-0 Ethane
00074-98-6 N-Propane
00115-07-1 Propene
00078-93-3 Methyl Ethyl Ketone
00106-97-8 N-Butane
00075-28-5 Isobutane
00078-78-4 Isopentane (2-Methylbutane)
00109-66-0 N-Pentane
00142-82-5 n-Heptane (surrogate only)
00111-84-2 C9 surrogate
00112-40-3 C12 surrogate
00593-45-3 C18 surrogate

A B' B' B' B' B' B' B' B' B' D E
D=C'/A E=D/(SUM D)

Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at Pvap at
Mol Wt -30 -20 -10 0 10 20 30 40 50 Liquid Liquid

F F F F F F F F F
(psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (mol/100 g) Mol Fract

156.31         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.0014              0.0030              
154.21         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          -                     -                     
170.33         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.0007              0.0016              
184.36         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
178.23         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          -                     -                     
202.25         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
228.29         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
228.29         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
254.49         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
268.52         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
252.31         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
296.57         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
276.33         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          

16.04           2,065.23  2,290.47  2,529.11  2,781.11  3,046.37  3,324.80  3,616.24  3,920.54  4,237.50  
28.05           242.19     281.39     324.60     371.94     423.54     479.50     539.91     604.85     674.37     
32.04           0.05          0.07          0.11          0.17          0.26          0.38          0.54          0.77          1.07          -                     -                     
30.07           134.15     158.54     185.88     216.33     250.04     287.14     327.77     372.04     420.07     
44.10           20.94       26.16       32.32       39.53       47.89       57.51       68.50       80.96       95.01       0.0036              0.0078              
42.08           25.98       32.28       39.67       48.28       58.21       69.59       82.53       97.13       113.53     
72.11           0.04          0.06          0.09          0.14          0.21          0.30          0.42          0.59          0.80          -                     -                     
58.12           3.31          4.37          5.67          7.27          9.21          11.53       14.29       17.52       21.30       0.0263              0.0565              
58.12           5.48          7.12          9.11          11.53       14.42       17.85       21.87       26.57       32.00       0.0053              0.0114              
72.15           0.87          1.21          1.64          2.18          2.87          3.73          4.78          6.06          7.60          0.0052              0.0112              
72.15           0.56          0.79          1.09          1.48          1.97          2.59          3.37          4.32          5.49          0.0076              0.0164              

100.20         0.02          0.03          0.04          0.07          0.10          0.14          0.21          0.29          0.40          
128.26         0.00          0.00          0.00          0.00          0.01          0.01          0.01          0.02          0.03          
170.33         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          
254.49         0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.00          0.3571              0.7662              

0.4660              1.0000              

Appendix D - JBE Flash Tool, Supporting Calculation Data Page 7 of 9



North Slope Stream Speciation Example

00142-29-0 Cyclopentene
00287-92-3 Cyclopentane
00109-67-1 1-Pentene
00108-95-2 Phenol
00592-41-6 1-Hexene
00096-37-7 Methylcyclopentane
00110-82-7 Cyclohexane
00110-54-3 n-Hexane
00079-29-8 2,3-Dimethylbutane
00107-83-5 2-Methylpentane
00071-43-2 Benzene
00095-48-7 o-Cresol
01638-26-2 1,1-Dimethylcyclopentane
01640-89-7 Ethylcyclopentane
00108-87-2 Methylcyclohexane
00142-82-5 n-Heptane
00617-78-7 3-Ethylpentane
00590-35-2 2,2-Dimethylpentane
00108-08-7 2,4-Dimethylpentane
00565-59-3 2,3-Dimethylpentane
00562-49-2 3,3-Dimethylpentane
00591-76-4 2-Methylhexane
00589-34-4 3-Methylhexane
00108-88-3 Toluene
00100-41-4 Ethylbenzene
00095-47-6 o-Xylene
00108-38-3 m-Xylene
00106-42-3 p-Xylene
00111-66-0 1-Octene
00111-65-9 n-Octane
00564-02-3 2,2,3-Trimethylpentane
00540-84-1 2,2,4-Trimethylpentane
00560-21-4 2,3,3-Trimethylpentane
00565-75-3 2,3,4-Trimethylpentane
00095-63-6 1,2,4-Trimethylbenzene
00098-82-8 Isopropylbenzene (cumene)
00111-84-2 n-Nonane
00091-20-3 Naphthalene
00141-93-5 1,3-Diethylbenzene
00124-18-5 n-Decane

ConstituentCAS Number F F F F F F F F F G H
F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' G=F/(SUM F) H=G*A H/(SUM H)*100%

 Partial Pressure MW Contrib
-30 -20 -10 0 10 20 30 40 50  Vapor  Vapor  Vapor
F F F F F F F F F

(psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) Mol Frac (g/Mol) (wt %)
-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.0008       0.0011       0.0016       0.0021       0.0029       0.0039       0.0052       0.0067       0.0087       0.0032              0.2222                        0.3985                     
-              -              -              -              -              -              -              -              -              -                     -                               -                            
-              -              -              -              -              -              -              -              -              -                     -                               -                            
-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0012                        0.0022                     
0.0006       0.0009       0.0013       0.0019       0.0026       0.0037       0.0051       0.0070       0.0093       0.0033              0.2753                        0.4937                     
0.0012       0.0018       0.0026       0.0038       0.0053       0.0074       0.0100       0.0134       0.0178       0.0063              0.5451                        0.9777                     
0.0001       0.0001       0.0001       0.0002       0.0002       0.0003       0.0004       0.0006       0.0007       0.0003              0.0231                        0.0415                     
0.0011       0.0017       0.0024       0.0034       0.0046       0.0063       0.0085       0.0112       0.0146       0.0053              0.4544                        0.8150                     
0.0003       0.0005       0.0007       0.0011       0.0015       0.0022       0.0030       0.0041       0.0056       0.0019              0.1515                        0.2716                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.0003       0.0005       0.0007       0.0011       0.0016       0.0022       0.0032       0.0044       0.0060       0.0021              0.2020                        0.3622                     
0.0002       0.0002       0.0004       0.0006       0.0009       0.0012       0.0018       0.0025       0.0035       0.0012              0.1178                        0.2113                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
0.0005       0.0007       0.0011       0.0016       0.0023       0.0031       0.0043       0.0058       0.0078       0.0027              0.2751                        0.4934                     
0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0002       0.0003       0.0004       0.0001              0.0142                        0.0254                     
0.0000       0.0001       0.0001       0.0001       0.0002       0.0003       0.0004       0.0006       0.0007       0.0003              0.0260                        0.0467                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
0.0001       0.0001       0.0002       0.0003       0.0004       0.0006       0.0009       0.0012       0.0017       0.0006              0.0579                        0.1038                     
0.0001       0.0002       0.0002       0.0003       0.0005       0.0007       0.0010       0.0014       0.0019       0.0007              0.0663                        0.1190                     
0.0001       0.0002       0.0003       0.0005       0.0007       0.0010       0.0015       0.0021       0.0029       0.0010              0.0899                        0.1612                     
0.0000       0.0000       0.0000       0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0001              0.0057                        0.0103                     
0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0001       0.0001       0.0001       0.0000              0.0049                        0.0088                     
0.0000       0.0000       0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0003       0.0001              0.0101                        0.0180                     
0.0000       0.0000       0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0003       0.0001              0.0110                        0.0197                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0003       0.0005       0.0007       0.0002              0.0258                        0.0462                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0013                        0.0024                     
0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0013                        0.0023                     
0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0005                        0.0010                     
0.0000       0.0000       0.0000       0.0000       0.0000       0.0001       0.0001       0.0001       0.0002       0.0001              0.0073                        0.0131                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0019                        0.0034                     
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North Slope Stream Speciation Example

ConstituentCAS Number

01120-21-4 n-Undecane
00092-52-4 Biphenyl
00112-40-3 n-Dodecane
00629-50-5 n-Tridecane
00085-01-8 Phenanthrene
00206-44-0 Fluoranthene
00056-55-3 Benz(a)anthracene
00218-01-9 Chrysene
00593-45-3 n-Octadecane
00629-92-5 n-Nonadecane
00050-32-8 Benzo(a)pyrene
00629-94-7 n-Heneicosane
00191-24-2 Benzo(g,h,i)perylene
00074-82-8 Methane
00074-85-1 Ethylene
00067-56-1 Methanol
00074-84-0 Ethane
00074-98-6 N-Propane
00115-07-1 Propene
00078-93-3 Methyl Ethyl Ketone
00106-97-8 N-Butane
00075-28-5 Isobutane
00078-78-4 Isopentane (2-Methylbutane)
00109-66-0 N-Pentane
00142-82-5 n-Heptane (surrogate only)
00111-84-2 C9 surrogate
00112-40-3 C12 surrogate
00593-45-3 C18 surrogate

F F F F F F F F F G H
F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' F=E*B' G=F/(SUM F) H=G*A H/(SUM H)*100%

 Partial Pressure MW Contrib
-30 -20 -10 0 10 20 30 40 50  Vapor  Vapor  Vapor
F F F F F F F F F

(psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) Mol Frac (g/Mol) (wt %)
0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0003                        0.0005                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            
0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0000                        0.0001                     

-              -              -              -              -              -              -              -              -              -                     -                               -                            

-              -              -              -              -              -              -              -              -              -                     -                               -                            

0.1630       0.2036       0.2516       0.3077       0.3728       0.4477       0.5333       0.6303       0.7397       0.2965              13.0768                      23.4533                   

-              -              -              -              -              -              -              -              -              -                     -                               -                            
0.1872       0.2467       0.3205       0.4108       0.5203       0.6514       0.8070       0.9899       1.2032       0.4657              27.0671                      48.5450                   
0.0628       0.0814       0.1043       0.1319       0.1650       0.2043       0.2504       0.3041       0.3662       0.1431              8.3144                        14.9119                   
0.0098       0.0135       0.0184       0.0245       0.0322       0.0418       0.0536       0.0680       0.0852       0.0320              2.3068                        4.1373                     
0.0092       0.0129       0.0178       0.0241       0.0322       0.0424       0.0551       0.0707       0.0897       0.0333              2.3996                        4.3038                     

0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000       0.0000              0.0000                        0.0000                     
0.4374       0.5663       0.7244       0.9163       1.1469       1.4215       1.7457       2.1256       2.5674       1.0000              55.7568                      100.0000                 

Vapor Pressure (psia) Vapor MW
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 Appendix E – HAP Emission Calculations for Key Contributors of HAPs 



Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
HAP Emissions Summary

Alyeska Data Source 
Reference

JBE comments

HAP (tpy) HAP (tpy)
Boilers 1-6 5.9 3.1

EU 8A-15 0.0 0.0
Loading 10.9 12.2

Fugitives 0.4 0.1
TBP 0.5 0.3

Tank vents - 0.1

Tanks routed to vapor 
control; no permitted 
emissions

Conservation vent 
emissions

Total 17.7 15.8

Boilers 1-6 EU 8A-15 Loading Fugitives TBP
Tank Conservation 

Vents Total
JBE comments

tpy tpy tpy tpy tpy tpy tpy
3.1 0.0 12.2 0.1 0.3 0.09 15.8

106-99-0 1,3-Butadiene 0.00 0.00 0.00 0.00 0.00 0.0
110-54-3 n-Hexane 2.06 8.11 0.06 0.18 0.06 10.5

71-43-2 Benzene 0.57 0.01 2.25 0.02 0.05 0.02 2.9
108-88-3 Toluene 0.34 0.00 1.34 0.01 0.03 0.01 1.7
540-84-1 2,2,4-TMP 0.00 0.00 0.00 0.00 0.0
100-41-4 Ethylbenzene 0.02 0.09 0.00 0.00 0.00 0.1

95-47-6 o-Xylene 0.10 0.00 0.39 0.00 0.01 0.00 0.5 includes mixed xylenes
98-82-8 Cumene 0.00 0.01 0.00 0.00 0.00 0.0

91-20-3 Naphthalene 0.00 0.00 0.00 0.00 0.00 0.0
Note that no naphthalene was detected in the 
PIANO data provided by client

50-00-0 Formaldehyde 0.01 0.0
75-07-0 acetaldehyde 0.01 0.0

107-02-8 acrolein 0.00 0.0

Boilers 1-6 EU 8A-15 Loading Fugitives TBP
Tank Conservation 

Vents Total
JBE comments

lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr lb/hr

0.7 0.0 2.8 0.0 0.1 0.0 3.6 lb/hr = (tons/year) * (2000 lb/ton) / (8760 hr/year)
106-99-0 1,3-Butadiene 0.00 0.00 0.00 0.00 0.00 0.0
110-54-3 n-Hexane 0.47 1.85 0.01 0.04 0.01 2.4

71-43-2 Benzene 0.13 0.00 0.51 0.00 0.01 0.00 0.7
108-88-3 Toluene 0.08 0.00 0.31 0.00 0.01 0.00 0.4
540-84-1 2,2,4-TMP 0.00 0.00 0.00 0.00 0.0
100-41-4 Ethylbenzene 0.00 0.02 0.00 0.00 0.00 0.0

95-47-6 o-Xylene 0.02 0.00 0.09 0.00 0.00 0.00 0.1
98-82-8 Cumene 0.00 0.00 0.00 0.00 0.00 0.0

91-20-3 Naphthalene 0.00 0.00 0.00 0.00 0.00 0.0
Note that no naphthalene was detected in the 
PIANO data provided by client

50-00-0 Formaldehyde 0.00 0.0
75-07-0 acetaldehyde 0.00 0.0

107-02-8 acrolein 0.00 0.0

Total HAPs

Data from 2016 Permit Application JBE Calc

Total HAPs

Speciated HAPs (JBE calc) - tons/year

Speciated HAPs (JBE calc) - lb/hr
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Combustion Sources

Units
Data from 2016 Permit 

Application
JBE Calc

Alyeska Data Source 
Reference

JBE comments

Emission Unit (EU) 1,2,3 1,2,3

EU Description
Combustion Engineering Power 

Boiler
Combustion Engineering Power 

Boiler

Fuel Type Waste Gas/Diesel Waste Gas/Diesel

PTE - evaluated burning 100% diesel OR 
100% fuel gas/waste gas/propane, took 
worse of both

Rating MMBtu/hr 242 242

Allowable Operation, combined MMBtu/hr 500 500
Page 132, 2016 APSC Permit 
Application

Fuel Type Diesel Diesel
Maximum Annual Fuel Use/Operation (Diesel), 

combined gal/yr A 31,510,791 31,510,791
Page 137, 2016 APSC Permit 
Application

VOC factor, diesel lb/MMBtu B 0.00294 0.00294 2010 stack test

Diesel HHV Btu/gal C 139,000 139,000
Page 137, 2016 APSC Permit 
Application

VOC emissions lb/yr D
A/(B*C*1,000,000 

Btu/MMBtu) 12,877 12,877
VOC emissions tpy E =D/2000 lb/ton 6.4 6.4

Fuel Type Fuel Gas/Waste Gas/Propane Fuel Gas/Waste Gas/Propane
Maximum Annual Fuel Use/Operation (Fuel 

gas/waste gas/propane), combined MMscf/yr F 6653 6653
Page 137, 2016 APSC Permit 
Application

VOC factor, fuel gas/waste gas/propane lb/MMBtu G 0.0024 0.0024 2010 stack test

Heat content, fuel gas/waste gas/propane Btu/scf H 658 658
Page 137, 2016 APSC Permit 
Application

VOC emissions lb/yr J =F*G*H 10,506 10,506
VOC emissions tpy K =J/2000 5.3 5.3
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Combustion Sources

Units
Data from 2016 Permit 

Application
JBE Calc Alyeska Data Source Reference JBE comments

Emission Unit (EU) 4,5,6 4,5,6

EU Description
John Zink Waste Gas 

Combustor
John Zink Waste Gas 

Combustor vapor recovery devices
Fuel Type Waste Gas/Diesel Waste Gas/Diesel

Rating MMBtu/hr 242 242

Allowable Operation, combined MMBtu/hr 500 500
Page 132, 2016 APSC Permit 
Application

Fuel Type Diesel Diesel
Maximum Annual Fuel Use/Operation 

(Diesel), combined gal/yr A 32,897,266 32,897,266
Page 137, 2016 APSC Permit 
Application

VOC factor, diesel lb/Mgal B 0.455 0.2
Page 137, 2016 APSC Permit 
Application (see JBE comments)

Page 137, 2016 APSC Permit Application says from AP-
42 Table 1.3-2 but 1.3-2 is for PM. For JBE calc, Table 
1.3-3, industrial boiler, distillate oil fired, NMTOC 
factor. Unclear where permit app factor of 0.455 
came from

VOC emissions lb/yr C =(A*B)/1000gal/Mgal 14,968 6,579
VOC emissions tpy D =C/2000lb/ton 7.5 3.3

Fuel Type Fuel Gas/Waste Gas/Propane Gas/Propane
Maximum Annual Fuel Use/Operation 

(Fuel gas/waste gas/propane), combined MMscf/yr E 6492 6492
Page 137, 2016 APSC Permit 
Application

VOC factor, fuel gas/waste gas/propane lb/MMBtu F 0.09 0.09 2007 stack test
Heat content, fuel gas/waste 

gas/propane Btu/scf G 704 704
Page 137, 2016 APSC Permit 
Application

VOC emissions lb/yr H =E*F*G 411,333 411,333
VOC emissions tpy J =H/2000lb/ton 205.7 205.7
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Combustion Sources

Units JBE comments
VOC emissions, waste gas, 

EUs 1-6 (tpy) 210.9 210.9 Worst case 100% waste gas
CAS # HAP Crude Vapor wt% HAPs emitted (tpy) Crude Vapor wt% HAPs emitted (tpy)

Data Source: December 2006 
sampling (see 2016 permit app 

pg 143)

Data Source:  flash 
calc of crude 

speciation

106-99-0 1,3-Butadiene 0.201 0.42
1,3-butadiene not listed as constituent in 
North Slope crude speciation

110-54-3 n-Hexane 1.685 3.55 0.978 2.06
71-43-2 Benzene 0.306 0.65 0.272 0.57

108-88-3 Toluene 0.213 0.45 0.161 0.34
540-84-1 2,2,4-TMP 0.005 0.01
100-41-4 Ethylbenzene 0.001 0.00 0.010 0.02

95-47-6 Xylenes 0.063 0.13 0.047 0.10
98-82-8 Cumene 0.001 0.00 0.001 0.00
91-20-3 Naphthalene 0.337 0.71

N/A Subtotal - HAPs wt% 2.81 1.47
Non-HAP organic compounds wt% 97.19 98.53

Total HAPs tpy sum of HAPs 5.93 3.10

Total HAPs lb/hr =tpy*(2000lb/ton)/(8760hr/yr) 1.35 0.71

Diesel rate, EUs 1-6 gal/year 64,408,057
Also evaluating HAP emissions from 
100% diesel

EF (lb/1000 gal) HAP, lb/yr

Efs from Table 1.3-9, Emission factors for 
speciation organic compounds from fuel 
oil combustion - used as surrogate for 
diesel

71-43-2 benzene 2.14E-04 13.8
100-41-4 ethylbenzene 6.36E-05 4.1

50-00-0 formaldehyde 3.30E-02 2125.5
91-20-3 naphthalene 1.13E-03 72.8
71-55-6 1,1,1-Trichloroethane 2.36E-04 15.2

108-88-3 toluene 6.20E-03 399.3
95-47-6 o-xylene 1.09E-04 7.0
83-32-9 acenaphthene 2.11E-05 1.4

208-96-8 acenaphthylene 2.53E-07 0.0
120-12-7 anthracene 1.22E-06 0.1

56-55-3 benz(a)anthracene 4.01E-06 0.3
207-08-9 benzo(b,k)fluorathene 1.48E-06 0.1
191-24-2 benzo(g,h,i)perylene 2.26E-06 0.1
218-01-9 chrysene 2.38E-06 0.2

53-70-3 dibenzo(a,h)anthracene 1.67E-06 0.1
206-44-0 fluoranthene 4.84E-06 0.3

86-73-7 fluorene 4.47E-06 0.3
193-39-5 indeno(1,2,3-cd)pyrene 2.14E-06 0.1

85-01-8 phenanthrene 1.05E-05 0.7
129-00-0 pyrene 4.25E-06 0.3

Total HAPs lb/yr 2641.6
Total HAPs tpy 1.3
Total HAPs lb/hr 0.3

Data from 2016 Permit Application JBE Calc

=sum of HAPs
=lb/yr / (2000lb/ton)
=lb/yr / (8760 hr/yr)
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Generators/Engines

Alyeska Data Source Reference JBE comments
Emission Unit (EU) 8A,9A,10-15 8A,9A,10-15

EU Description Generators/Engines Generators/Engines

Fuel Type Diesel Diesel
Maximum Total Heat Input, 

Combined (MMBtu/yr) 12495 13142 pg 144, 2016 permit app
Summed Max operation MMBtu/yr, 2016 
permit application, pg 140

CAS # HAP EF (lb/MMBtu) Emissions (tpy) EF (lb/MMBtu) Emissions (tpy) Efs from pg 144, 2016 permit app

Reference in permit app says AP-42 table 
3.4-2 but this ref is for PM. JBE Efs from 
Table 3.3-2.

106-99-0 1,3-butadiene 3.91E-05 0.000 3.91E-05
75-07-0 acetaldehyde 7.67E-04 0.005 7.67E-04 0.005

107-02-8 acrolein 9.25E-05 0.001 9.25E-05 0.001
71-43-2 benzene 9.33E-04 0.006 9.33E-04 0.006
50-00-0 formaldehyde 1.18E-03 0.007 1.18E-03 0.008
91-20-3 naphthalene 8.48E-05 0.001 8.48E-05 0.001

108-88-3 toluene 4.09E-04 0.003 4.09E-04 0.003
95-47-6 xylenes 2.85E-04 0.002 2.85E-04 0.002

#N/A PAHs 8.32E-05 0.001 Used total PAH factor minus naphthalene
Total HAPs tpy 0.024 0.025
Total HAPs =tpy*(2000lb/ton)/(8760hr/yr) lb/hr 0.005 0.006

Data from 2016 Permit Application JBE Calc

Emissions (tpy)=MMBtu/yr*EF(lb/MMBtu)/2000lb/ton

sum of HAPs
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Tanks (Conservation Vents)

Alyeska Data Source Reference JBE comments

Crude Oil Storage tanks, VOC (tpy) 0.00 6.3

Permit app - all tanks routed to vapor 
control; not permitted for tank 
emissions

VOC from conservation vents (data source: see 
Alyeska_FRT_Tool R0.1_10.26.2021, cell CX16)

CAS # HAP Crude Vapor wt% HAPs emitted (tpy)
Crude Vapor wt% from December 2006 
sampling (see 2016 permit app pg 147) Crude vapor wt% from flash calc of crude speciation

Total HAPs tpy 0.09
Total HAPs lb/hr 0.02

106-99-0 1,3-Butadiene 0.00
1,3-butadiene not listed as constituent in North 
Slope crude speciation

110-54-3 n-Hexane 0.9777 0.06
71-43-2 Benzene 0.2716 0.02

108-88-3 Toluene 0.1612 0.01
540-84-1 2,2,4-TMP 0.00
100-41-4 Ethylbenzene 0.0103 0.00

95-47-6 Xylenes 0.0465 0.00
98-82-8 Cumene 0.001 0.00
91-20-3 Naphthalene 0.00

Total HAP % 1.47
Non-HAP organic compounds % 98.53

Data from 2016 Permit Application JBE Calc

=sum of HAPs
=tpy*(2000 lb/ton)/(8760 hr/yr)

Speciated HAPs:
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Loading

Units Alyeska Data Source Reference JBE comments

Throughput basis for maintenance allowance, MMbpd MMbpd 1.1
Normal operation routed to vapor control. Calcs here address PTE for 
maintenance allowance only

Maintenance Allowance, bpd bpd 60274

100,000 bbl/hr each loading berth (EU 4,5) - each routed to vapor collection. Eus 
1 and 3 loading shutdown (permit app pg 132). 60,274 bbl/hr maintenance 
allowance from permit app (pg 148)

Crude vapor rate
bbl vapor/bbl crude 

loaded 1.25
pg 148 of permit app says 1.25 bbl 
vapor/bbl crude loaded. Confusing unit.

Crude vapor rate bbl vapor/day 75,343                                               
Where:

S = saturation factor

Equation Parameters:

S 0.60 AP-42, table 5.2-1. Submerged loading; dedicated normal service.

P 2.13
Vapor pressure of North slope crude oil at 39F from tank tool, chemical sheet

M 56.26 MW of vapor of crude oil at 39F from tank tool, chemical sheet

T 498.7

https://www.usclimatedata.com/climate/valdez/alaska/united-

states/usak0258 39F

Ll lb/1000 gal 1.8

Total loading rate bbl/day 60,274

100,000 bbl/hr each loading berth (EU 4,5) - each routed to vapor collection. Eus 
1 and 3 loading shutdown (permit app pg 132). 60,274 bbl/hr maintenance 
allowance from permit app (pg 148)

Total loading rate =bbl/day*(42gal/bbl)*(365day/yr) gal/yr 924,000,420
Loading emissions lb/yr 1,659,997.9

Loading emissions, uncontrolled tons/yr 388
Loading emissions, 
maintenance allowance tons/yr 830.0 Basis of 388 tpy unclear

CAS # HAP Crude Vapor wt% HAPs emitted (tpy) Crude Vapor wt% HAPs emitted (tpy)

Crude Vapor wt% 
from December 
2006 sampling (see 
2016 permit app pg 
147)

Crude vapor wt% from 
flash calc of crude 
speciation

106-99-0 1,3-Butadiene 0.201 0.78 0.00

1,3-butadiene not listed 
as constituent in North 
Slope crude speciation

110-54-3 n-Hexane 1.685 6.54 0.9777 8.11
71-43-2 Benzene 0.306 1.19 0.2716 2.25

108-88-3 Toluene 0.213 0.83 0.1612 1.34
540-84-1 2,2,4-TMP 0.005 0.02 0.00
100-41-4 Ethylbenzene 0.001 0.00 0.0103 0.09

95-47-6 Xylenes 0.063 0.24 0.0465 0.39
98-82-8 Cumene 0.001 0.00 0.001 0.01
91-20-3 Naphthalene 0.337 1.31 0.00

Total HAPs tpy =sum of HAPs 10.91 12.19
Total HAPs lb/hr =tpy*(2000lb/ton)/(8760hr/yr) 2.49 2.78

T = temperature of bulk liquid loaded, °R (°F + 459.67)

Data from 2016 Permit Application JBE Calc

LL = Loading Loss, pounds per 1000 gallons (lb/103 gal) of liquid loaded

P = true vapor pressure of liquid loaded, pounds per square inch absolute (psia)
M = molecular weight of vapors, pounds per pound-mole (lb/lb-mole)
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Fugitives

Alyeska Data Source Reference JBE comments

Vapor Recovery System
Crude Oil Storage 

Tanks
Total Fugitives Vapor Recovery System Crude Oil Storage Tanks Total Fugitives

Data source reference
Table 2-10 (see permit app pg 

146)
Table 2-8 (see permit 

app pg 146)
Table 2-4 (sheet 

Fugitive_Efs), other, gas
Table 2-4 (sheet Fugitive_Efs), 

valves, heavy oil

Component Type Other
Vacuum/Vent Valve 

Fittings
Other Vacuum/Vent Valve Fittings

Number of Components 2500 190 2500 190

Screening value (ppmv) 500 10000 n/a n/a Assumed
VOC Leak Rate (kg/hr) per component 0.0005 0.00012 0.00880 0.0000084

Uncontrolled VOC Leak Rate (lb/hr) 2.91 0.05 48.40 0.004

Control Efficiency, 98MID n/a n/a 0.97 n/a

Controlled VOC Leak Rate (lb/hr) n/a n/a 1.45 0.004 1.456

VOC Leak Rate (tpy) 12.74 0.22 6.36 0.02 6.38

Total VOC Fugitive emissions (tpy) 12.96

Alyeska Data Source Reference JBE comments
Total HAPs, tpy =sum of HAPs 0.36 0.093 0.00030 0.094

Total HAPs, lb/hr =tpy*(2000lb/ton)/(8760hr/yr) 1.60 0.021 0.0001 0.021

CAS # Speciated HAPs (wt%) Crude Liquid wt% Crude Vapor wt% HAPs emitted (tpy) Crude Vapor wt% Crude Liquid wt% 2016 permit app pg 146
Crude vapor wt% from flash calc of crude 
speciation

106-99-0 1,3-Butadiene 0.01 0.201 0.03
1,3-butadiene not listed as constituent in North 
Slope crude speciation

110-54-3 n-Hexane 1.16 1.685 0.22 0.9777 0.49
71-43-2 Benzene 0.34 0.306 0.04 0.2716 0.23

108-88-3 Toluene 0.79 0.213 0.03 0.1612 0.52
540-84-1 2,2,4-TMP 0.01 0.005 0.00
100-41-4 Ethylbenzene 0.18 0.001 0.00 0.0103 0.11

95-47-6 Xylenes 0.81 0.063 0.01 0.0465 0.61
98-82-8 Cumene 0.01 0.001 0.00 0.001 0.02
91-20-3 Naphthalene 0.08 0.337 0.04

Total HAP wt% 3.39 2.812 1.47 1.98
Total Non HAP wt% 96.61 97.19 98.53 98.02

CAS # Speciated HAPs (tpy) Total (tpy)
106-99-0 1,3-Butadiene 0.000 0.00000 0.00000
110-54-3 n-Hexane 0.062 0.00008 0.06225

71-43-2 Benzene 0.017 0.00004 0.01731
108-88-3 Toluene 0.010 0.00008 0.01033
540-84-1 2,2,4-TMP 0.000 0.00000 0.00000
100-41-4 Ethylbenzene 0.001 0.00002 0.00067

95-47-6 Xylenes 0.003 0.00009 0.00305
98-82-8 Cumene 0.000 0.00000 0.00007
91-20-3 Naphthalene 0.000 0.00000 0.00000

Data from 2016 Permit Application JBE Calc

Data from 2016 Permit Application JBE Calc
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Alyeska - Valdez Marine Terminal
Emission Inventory - Potential to Emit
Air Emissions from Tank Bottom Processing System

Units Alyeska Data Source Reference JBE comments
VOC emissions, permit limit, tpy tpy 18.5 18.5 2016 permit app pg 147 permit limit

CAS # HAP Crude Vapor wt% HAPs emitted (tpy) Crude Vapor wt% HAPs emitted (tpy)
Crude Vapor wt% from December 2006 
sampling (see 2016 permit app pg 147) Crude vapor wt% from flash calc of crude speciation

106-99-0 1,3-Butadiene 0.201 0.04 0.00 speciation
110-54-3 n-Hexane 1.685 0.31 0.9777 0.18

71-43-2 Benzene 0.306 0.06 0.2716 0.05
108-88-3 Toluene 0.213 0.04 0.1612 0.03
540-84-1 2,2,4-TMP 0.005 0.00 0.00
100-41-4 Ethylbenzene 0.001 0.00 0.0103 0.00

95-47-6 Xylenes 0.063 0.01 0.0465 0.01
98-82-8 Cumene 0.001 0.00 0.001 0.00
91-20-3 Naphthalene 0.337 0.06 0.00

Total HAPs tpy =sum of HAPs 0.52 0.27
Total HAPs lb/hr =tpy*(2000lb/ton)/(8760hr/yr) 0.12 0.06

Data from 2016 Permit Application JBE Calc
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 Appendix F – EPA SCREEN 3 Model Outputs 



 11/02/21
 11:40:22

 ***  SCREEN3 MODEL RUN  ***
 *** VERSION DATED 13043 ***

 Benzene Only Total Site 2.9 tpy 

 SIMPLE TERRAIN INPUTS:
 SOURCE TYPE  =  AREA
 EMISSION RATE (G/(S-M**2))  =  0.303000E-07
 SOURCE HEIGHT (M)    =    1.0000
 LENGTH OF LARGER SIDE (M)  =  2400.0000
 LENGTH OF SMALLER SIDE (M)  =  1150.0000
 RECEPTOR HEIGHT (M)  =  1.0000
 URBAN/RURAL OPTION   =   RURAL

 THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED.
 THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED.

 MODEL ESTIMATES DIRECTION TO MAX CONCENTRATION

 BUOY. FLUX =  0.000 M**4/S**3;  MOM. FLUX =  0.000 M**4/S**2.

 *** FULL METEOROLOGY ***

 **********************************
 *** SCREEN AUTOMATED DISTANCES ***
 **********************************

 *** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

 DIST     CONC  U10M   USTK  MIX HT  PLUME  MAX DIR
(M) (UG/M**3)  STAB  (M/S)  (M/S) (M) HT (M)  (DEG)

 -------  ----------  ----  -----  -----  ------  ------  -------
1. 5.256  6  1.0  1.0 10000.0  1.00  24.

100. 5.396  6  1.0  1.0 10000.0  1.00  24.
200. 5.532  6  1.0  1.0 10000.0  1.00  23.
300. 5.664  6  1.0  1.0 10000.0  1.00  23.
400. 5.791  6  1.0  1.0 10000.0  1.00  23.
500. 5.914  6  1.0  1.0 10000.0  1.00  23.
600. 6.032  6  1.0  1.0 10000.0  1.00  23.
700. 6.147  6  1.0  1.0 10000.0  1.00  23.
800. 6.259  6  1.0  1.0 10000.0  1.00  22.
900. 6.368  6  1.0  1.0 10000.0  1.00  22.

 1000. 6.475  6  1.0  1.0 10000.0  1.00  22.
 1100. 6.580  6  1.0  1.0 10000.0  1.00  22.
 1200. 6.683  6  1.0  1.0 10000.0  1.00  22.
 1300. 6.781  6  1.0  1.0 10000.0  1.00  23.
 1400. 5.202  6  1.0  1.0 10000.0  1.00  25.
 1500. 4.512  6  1.0  1.0 10000.0  1.00  25.
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 1600.  4.079  6  1.0  1.0 10000.0  1.00  25.
 1700.  3.769  6  1.0  1.0 10000.0  1.00  25.
 1800.  3.529  6  1.0  1.0 10000.0  1.00  25.
 1900.  3.340  6  1.0  1.0 10000.0  1.00  24.
 2000.  3.184  6  1.0  1.0 10000.0  1.00  24.
 2100.  3.054  6  1.0  1.0 10000.0  1.00  24.
 2200.  2.939  6  1.0  1.0 10000.0  1.00  24.
 2300.  2.837  6  1.0  1.0 10000.0  1.00  24.
 2400.  2.747  6  1.0  1.0 10000.0  1.00  23.
 2500.  2.667  6  1.0  1.0 10000.0  1.00  23.
 2600.  2.593  6  1.0  1.0 10000.0  1.00  23.
 2700.  2.526  6  1.0  1.0 10000.0  1.00  23.
 2800.  2.464  6  1.0  1.0 10000.0  1.00  23.
 2900.  2.407  6  1.0  1.0 10000.0  1.00  22.
 3000.  2.354  6  1.0  1.0 10000.0  1.00  22.
 3500.  2.143  6  1.0  1.0 10000.0  1.00  21.
 4000.  1.985  6  1.0  1.0 10000.0  1.00  20.
 4500.  1.860  6  1.0  1.0 10000.0  1.00  19.
 5000.  1.756  6  1.0  1.0 10000.0  1.00  18.
 5500.  1.666  6  1.0  1.0 10000.0  1.00  16.
 6000.  1.588  6  1.0  1.0 10000.0  1.00  14.
 6500.  1.521  6  1.0  1.0 10000.0  1.00  14.
 7000.  1.462  6  1.0  1.0 10000.0  1.00  13.
 7500.  1.406  6  1.0  1.0 10000.0  1.00  5.
 8000.  1.361  6  1.0  1.0 10000.0  1.00  5.
 8500.  1.320  6  1.0  1.0 10000.0  1.00  0.
 9000.  1.282  6  1.0  1.0 10000.0  1.00  0.
 9500.  1.245  6  1.0  1.0 10000.0  1.00  0.

 10000.  1.209  6  1.0  1.0 10000.0  1.00  0.

 MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M:
 1304.    6.785        6     1.0  1.0 10000.0  1.00  24.

 ***************************************
 *** SUMMARY OF SCREEN MODEL RESULTS ***
 ***************************************

 CALCULATION  MAX CONC  DIST TO  TERRAIN
   PROCEDURE     (UG/M**3)   MAX (M)  HT (M)
 --------------  -----------  ---------  -------
 SIMPLE TERRAIN    6.785    1304.  0.

 ***************************************************
 ** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
 ***************************************************
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                                                                      11/01/21
                                                                      15:19:29
  ***  SCREEN3 MODEL RUN  ***
  *** VERSION DATED 13043 ***

 Benzene Only from Tank Vents 0.0171 tpy                                        

 SIMPLE TERRAIN INPUTS:
    SOURCE TYPE                 =         AREA
    EMISSION RATE (G/(S-M**2))  =     0.197000E-08
    SOURCE HEIGHT (M)           =      18.9000
    LENGTH OF LARGER SIDE (M)   =     833.0000
    LENGTH OF SMALLER SIDE (M)  =     300.0000
    RECEPTOR HEIGHT (M)         =       1.0000
    URBAN/RURAL OPTION          =        RURAL
 THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED.
 THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED.

    MODEL ESTIMATES DIRECTION TO MAX CONCENTRATION

 BUOY. FLUX =    0.000 M**4/S**3;  MOM. FLUX =    0.000 M**4/S**2.

 *** FULL METEOROLOGY ***

 **********************************
 *** SCREEN AUTOMATED DISTANCES ***
 **********************************

 *** TERRAIN HEIGHT OF    0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

   DIST     CONC             U10M   USTK  MIX HT   PLUME  MAX DIR
    (M)   (UG/M**3)   STAB  (M/S)  (M/S)    (M)   HT (M)   (DEG)
 -------  ----------  ----  -----  -----  ------  ------  -------
      1.   0.1375E-01    2     1.0    1.0   320.0   18.90      1.
    100.   0.1677E-01    3     1.0    1.1   320.0   18.90      3.
    200.   0.2026E-01    3     1.0    1.1   320.0   18.90      1.
    300.   0.2331E-01    3     1.0    1.1   320.0   18.90      0.
    400.   0.2598E-01    3     1.0    1.1   320.0   18.90      0.
    500.   0.2862E-01    4     1.0    1.1   320.0   18.90     16.
    600.   0.3241E-01    4     1.0    1.1   320.0   18.90     13.
    700.   0.3401E-01    4     1.0    1.1   320.0   18.90     10.
    800.   0.3364E-01    4     1.0    1.1   320.0   18.90      0.
    900.   0.3228E-01    4     1.0    1.1   320.0   18.90      1.
   1000.   0.3217E-01    5     1.0    1.2 10000.0   18.90      0.
   1100.   0.3181E-01    5     1.0    1.2 10000.0   18.90      1.
   1200.   0.3117E-01    5     1.0    1.2 10000.0   18.90      0.
   1300.   0.3036E-01    5     1.0    1.2 10000.0   18.90      0.
   1400.   0.2947E-01    5     1.0    1.2 10000.0   18.90      0.
   1500.   0.2907E-01    6     1.0    1.4 10000.0   18.90      6.
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 1600.  0.2914E-01  6  1.0  1.4 10000.0  18.90  2.
 1700.  0.2910E-01  6  1.0  1.4 10000.0  18.90  0.
 1800.  0.2896E-01  6  1.0  1.4 10000.0  18.90  0.
 1900.  0.2874E-01  6  1.0  1.4 10000.0  18.90  0.
 2000.  0.2845E-01  6  1.0  1.4 10000.0  18.90  0.
 2100.  0.2811E-01  6  1.0  1.4 10000.0  18.90  0.
 2200.  0.2773E-01  6  1.0  1.4 10000.0  18.90  0.
 2300.  0.2732E-01  6  1.0  1.4 10000.0  18.90  0.
 2400.  0.2688E-01  6  1.0  1.4 10000.0  18.90  0.
 2500.  0.2642E-01  6  1.0  1.4 10000.0  18.90  0.
 2600.  0.2595E-01  6  1.0  1.4 10000.0  18.90  0.
 2700.  0.2547E-01  6  1.0  1.4 10000.0  18.90  0.
 2800.  0.2499E-01  6  1.0  1.4 10000.0  18.90  0.
 2900.  0.2451E-01  6  1.0  1.4 10000.0  18.90  0.
 3000.  0.2403E-01  6  1.0  1.4 10000.0  18.90  0.
 3500.  0.2173E-01  6  1.0  1.4 10000.0  18.90  0.
 4000.  0.1964E-01  6  1.0  1.4 10000.0  18.90  0.
 4500.  0.1778E-01  6  1.0  1.4 10000.0  18.90  0.
 5000.  0.1614E-01  6  1.0  1.4 10000.0  18.90  0.
 5500.  0.1471E-01  6  1.0  1.4 10000.0  18.90  0.
 6000.  0.1347E-01  6  1.0  1.4 10000.0  18.90  0.
 6500.  0.1238E-01  6  1.0  1.4 10000.0  18.90  0.
 7000.  0.1143E-01  6  1.0  1.4 10000.0  18.90  0.
 7500.  0.1061E-01  6  1.0  1.4 10000.0  18.90  0.
 8000.  0.9888E-02  6  1.0  1.4 10000.0  18.90  0.
 8500.  0.9245E-02  6  1.0  1.4 10000.0  18.90  0.
 9000.  0.8675E-02  6  1.0  1.4 10000.0  18.90  0.
 9500.  0.8158E-02  6  1.0  1.4 10000.0  18.90  0.

 10000.  0.7689E-02  6  1.0  1.4 10000.0  18.90  0.

 MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M:
 709.   0.3419E-01    4     1.0  1.1  320.0  18.90  10.

 ***************************************
 *** SUMMARY OF SCREEN MODEL RESULTS ***
 ***************************************

 CALCULATION  MAX CONC  DIST TO  TERRAIN
   PROCEDURE     (UG/M**3)   MAX (M)  HT (M)
 --------------  -----------  ---------  -------
 SIMPLE TERRAIN  0.3419E-01 709. 0.

 ***************************************************
 ** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
 ***************************************************
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 Appendix G – About John Beath Environmental 

 



About JBE 
 
John Beath Environmental LLC (JBE) was founded in early 2015 based on John Beath’s thirty-
plus years of environmental and sustainability experience in industry and consulting.  Our broad 
sector experience includes upstream and downstream oil and gas, materials and consumer 
product manufacturing, waste management, alternative energy, financial services, food and 
beverage, pulp and paper, healthcare, specialty chemicals, transportation, petrochemical, 
aviation, technology, utility/power, pharmaceuticals, dairy, and agriculture. 
 
Our vision is to help clients improve their operations as we deliver environmental compliance 
and sustainability consulting services.  Key to this is insightful road mapping, data organization, 
and results presentation. Our staff frequently works alongside (or to supplement) our client’s 
organization, leveraging client resources and collaborating to develop solutions that improve past 
practices.  In doing so, we strive to raise the overall technical capability of the client’s team.  
 
We offer a staff of experienced mid-level and senior engineers who can individually deliver turn-
key solutions, providing an attractively priced suite of services in an ongoing relationship. We 
seek to avoid unnecessary overlap in project delivery for our clients. This is consciously different 
from the traditional consulting company team approach.  Additionally, our top priorities include 
fostering strong, trusting partnerships with our clients, and delivering high quality, streamlined 
consulting services that are directly aligned with client needs. 
 

Sector  
Experience 

 As a consulting entity JBE works with a wide variety of industrial 
sectors, from oil and gas, chemical, consumer-packaged goods, and 
building and construction products to raw material producers.  We 
have worked with industry associations to support broad groups of 
industrial clients. 

 We have completed projects working with leading companies across 
industry sectors in evaluating and complying with regulations, 
designing and deploying management systems, and have provided 
support for enforcement actions. 

 We have completed projects to assess and regulations and proposed 
regulations and have built highly credible technical arguments to 
support our clients’ positions. 
  

  
Expertise  Our team has deep subject matter expertise in not only regulations, 

but in the technical evaluations and data that are fundamental to 
understanding and meeting regulatory requirements. 

 Our team brings a depth and breadth of expertise to our teams.  Many 
of our team members have served in EHS leadership roles in industry. 

Relevant 
Toolbox 

 We have an extensive set of Excel™-based tools, and library of 
references that we can leverage and apply and/or customize to 
provide efficient, credible, and transparent solutions for our clients. 

 
 


