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• “Quad” 1015 BTU, equivalent of 183,000,000 bbls oil
• World energy consumption was 524 quads in 2019
• U.S. energy consumption in 2016 was 97 quads
• eia.gov
• https://www.eia.gov/state/maps.php

U.S Energy Flow

https://www.eia.gov/state/maps.php


Credit: Sankey Diagram after Irish 
Captain Matthew Sankey 1898















About ½ barrel of crude becomes gasoline – the rest -





Valuing: Health, Safety, Environment



8 covered tanks (2019 Dorian)



4 covered tanks (2019 Dorian)




Captured with Snagit 2019.1.3.3847  














What are impacts of these events?
• Business interruption
• Environment
• Reputation
• Good design
• Employee alignment
• Stay out of news
• Meaning of risk

Should society tolerate these events?
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Are these tanks?



Are These Tanks?



Is this a tank?
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External Floating Roof Tank
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• Uses
• Specifications
▫ 650 v 653

• Types
▫ FR, EFR, IFR

• How they differ from small tanks
▫ horizontal, vertical, cylindrical, boxlike, etc,

• Moving parts: “foundation”, floating roofs, liquid level, venting devices, 
etc.

• The hazards: fire/explosion, spills, vapor clouds, air pollution, leaks, 
toxicity humans, plants, animals

• How to keep jack in the box

Why API 650?



• Pros and cons
▫ corrosion
▫ impact
▫ fire
▫ environmental

• Fire code spacing requirements

Aboveground v Belowground 



• Petroleum Terminals
• Pipeline Breakout Terminals
• Refineries
• Marine receiving facilities
• Chemical plants
• Bulk plants
• Lubricant Blending and Packaging Facilities
• Asphalt Plants
• Aviation facilities (and airports)
• Oil and Gas production facilities
• etc

Where are API 650 Tanks Found



• Diameter constraint not set by API – but by practical limits
▫ No lower limit
▫ No upper limit

• Thickness
▫ 3/16 to 1.5 in

• Materials: mostly mild steel and some higher strength alloys 
(exceptions)

• Temperature: -20 to 200 (exceptions)
• Shape: vertical cylindrical flat bottom
• Spacing
• Stored liquid vapor pressure

Limits - but all have exceptions



 API 650
 API 653
 API 620
 UL 142
 STI SP001
 ASME BPV

Constructing Tanks – Which One?



Mild steel
 Aluminum
 Stainless steel
 Plastic
 FRP
 Concrete
Wood
 Glass

Materials of construction?



• What factors govern thickness?
▫ welding
▫ general strength/handling
▫ tank size (diameter, height, gas pressure on top of liquid)
▫ pressure

• What about stress?

Big v Small?

There are two kinds:
- primary
- secondary



Hoops stress and minimum thickness



• Show spreadsheet of required thicknesses

Structural Difference Big and Small Tanks



Check all that are true:
 cylindrical for large tanks
 horizontal for small tanks
 tanks with pressure have flat 

ends or closures
 vertical tanks may have 

conical or dished bottoms
 All tanks have fixed covers

Shape



• API 653 issued 1991
• Maximum Inspection interval was 20 yrs
• All tanks should have been inspected by now

Then – and Now







Probabilistic Nature of Corrosion



Vertical Tank
• bottom
• shell
• roof
Horizontal
• bottom
• ends
• shell
• top

Corrosion of Components - Rank

schematic picture of tank here



• aviation gasoline
• heated tank (180F)  in refinery service
• lube oils
• gasoline
• crude oil
• diesel

Corrosion – Rank Best to Worst



Leak Causation?



Leaks – which are 
worst?
best?
detectable?

oil



Finding Leaks
• API 653 Monthly walk around
• API 653 Formal External Inspection
• API 653 Formal Internal Inspection



• API 653 program (verifiable, audiable, and robust)
• Tank overfill protection program API 2350 

So What’s Really Important for Large ASTs



How to Keep Jack in the Box



• Use industry standards for design, construction, operation
▫ API 650
▫ API 2610

• Use industry best practices for inspection, repairs, maintenance
▫ API 653
▫ API 579

• Prevent leaks:
▫ Track and understand corrosion data (and insist on it from inspection 

suppliers)
▫ Use stock loss methods
▫ Minimize internal inspections

Mini-Mgmt System for Tanks



• Before 1991 – R you kidding me? You wanna inspect a tank?
• Serious incidents in the 70s and 80s resulted in numerous calls for 

regulations
• The Ashland Incident along with other pushed API to draft API 653
• The aximum Inspection interval was 20 yrs
• All tanks should have been inspected by now

• The next talk by Brock Trotter will cover tank airborne emissions from 
storage tanks.

Then – and Now



PEMY Consulting, LLC
Brock A. Trotter – Process Engineer
brock@pemyconsulting.com

Tank Emissions Calculations

How to use API EPA AP 42

mailto:brock@pemyconsulting.com


The US EPA requires companies that store, handle, and transport liquid 
petroleum products must report the emissions associated. The EPA 
provides calculation methodologies for a variety of scenarios in AP 42.

The EPA published a modeling software for tank emissions on their 
website but they state specifically, “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 
n AP-42 Chapter 7 (https://www.epa.gov/ttn/chief/ap42/ch07/index.html) 

can be employed with many current spreadsheet/software programs.”

ckground



API MPMS Ch 19.1 – Evaporative Loss from Fixed-Roof Tanks
API MPMS Ch 19.2 – Evaporative Loss from Floating-Roof Tanks

EPA AP 42 (General Document)

eference Standards



𝐸𝐸 = 𝐴𝐴 × 𝐸𝐸𝐸𝐸 × 1 − 𝐸𝐸𝐸𝐸
100

𝐸𝐸 = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝐴𝐴 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑒𝑒𝑎𝑎𝑒𝑒𝑎𝑎𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑒𝑒𝑓𝑓,𝐸𝐸𝐸𝐸 = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑒𝑒𝑓𝑓,
𝐸𝐸𝐸𝐸 = 𝑒𝑒𝑎𝑎𝑒𝑒𝑓𝑓𝑎𝑎𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑒𝑒𝑟𝑟𝑟𝑟𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑓𝑓𝑓𝑓𝑒𝑒𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒𝑎𝑎𝑎𝑎 %

Activity factor determined by the physical properties of the liquid/vapor

Emissions factor determine by the piece of equipment through testing

eneral Concept



PI MPMS Ch 19.1_4.1 – Fixed-Roof Tanks – General



PI MPMS Ch 19.1_4.2 – Standing Losses



I MPMS Ch 19.1_4.2.3 – Vapor Space Outage Cont.



PI MPMS Ch 19.1_4.2.4 – Vented Vapor Sat. Factor

Heavy – Low PVA
ht – High PVA



I MPMS Ch 19.1_4.2.4 – Vented Vapor Sat. Factor Cont.

owest α Highest α



I MPMS Ch 19.1_4.2.5 – Vapor Space Expansion Factor



I MPMS Ch 19.1_4.2.5 – Vapor Space Expansion Factor Cont.



I MPMS Ch 19.1_4.3 – Working Losses

Inbreathing OutbreathingVapor Space 
Saturation

Importing



I MPMS Ch 19.1_4.3.2 – Net Working Loss Throughput

OutbreathingImporting

Hi



I MPMS Ch 19.1_4.3.3 – Turnover Factor KN

Dimensionless variable responsible for accounting for the frequency 
of tank turnovers



I MPMS Ch 19.1_4.3.4 – Product Factor KC

Dimensionless variable responsible for accounting for the product 
and its respective evaporative loss contribution



I MPMS Ch 19.1_4.3.5 – Vent Setting Correction Factor KB

s://www.youtube.com/watch?v=YA3XUEIcXA0

https://www.youtube.com/watch?v=YA3XUEIcXA0


Emissions governed by both thermal fluctuations and liquid level 
changes

The product determines the physical properties associated with the 
iquid/vapor equilibrium in the vapor space.

Dark tanks absorb more solar energy and have greater emissions

The EPA does not endorse its prior emissions software and companies 
must be able to defend values chosen when calculating tank emissions

onclusion Fixed-Roof Tank Emissions



I MPMS Ch 19.2_4.1 – Floating-Roof Tanks – General

Exact same contributions as Fixed-Roof tanks



PI MPMS Ch 19.2_4.2 – Standing Losses



PI MPMS Ch 19.2_4.2 – Standing Losses Continued



PI MPMS Ch 19.2_4.2 – Working Losses

- Throughput 

- Volume Loss through 
support column

- Clingage Loss
- Liquid Density at ST



PI MPMS Ch 19.2_4.3.3 – Clingage Factor



Emissions governed by both thermal fluctuations and liquid level changes

The product determines the physical properties associated with the 
iquid/vapor equilibrium in the vapor space.

Simpler to calculate than Fixed-roof tank calculations due to Emissions factor 
charts

The EPA does not endorse its prior emissions software and companies must 
be able to defend values chosen when calculating tank emissions

chnical Conclusion Floating-Roof Tank Emissions



Depending on regional windiness, covered tanks have significantly less 
emissions that open top tanks.
More frequent internal inspections to check seals not necessarily a good 
dea: tank cleaning emissions are huge (i.e. in the order of a year of 

operating emissions plus solid wastes). Detail seal inspections should be 
checked when the tank is out of service for internal inspections. 
Minimal inspections can be conducted anytime.
The public and the regulatory agencies can and should write letters to 
API to effect change. This can be done through inquiries on specific 
standards as well as writing directly to API. They will act on it.

g Picture Conclusions
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