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What are Refrigerated Hydrocarbon Liquid Storage Tanks?  
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Answer: Large field erected tanks used for storage of liquid products 
at cryogenic temperature, low pressure generally designed to API 620 
and < 15 psig maximum allowable operating pressure.  

Historically 
Constructed to 

API 620 
All Metal LNG 

Tanks 
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Concrete LNG Tanks are Acceptable in 49 CFR Part 193 
and NFPA 59A 2001 Edition. 

NFPA 59A 2001 edition contains provisions for 
the use of reinforced concrete and Prestressed 
concrete for primary and secondary 
containment with references to ACI 318, 372R, 
and 373R.  
 
However, the usefulness of these references 
to NFPA 59A was limited  by these references 
did not provide guidelines specifically tailored 
to the use of concrete at cryogenic 
temperatures and the impetus by NFPA 59A 
that ACI undertake the preparation of a 
standard to address this particular need.   
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2001 Edition 
(PHMSA 
Current) 

2006 
 (Seismic Only) 2009 2013 

2016 – Latest Available 

NFPA 59A Standard for the Production, Storage, and 
Handling of Liquefied Natural Gas 

  

First Reference  
to ACI 376 - 2010 

Reference  
to ACI 376 - 2010 

Not Currently 
Recognized 
by 49 CFR 
Part 193  
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Horizontal Vertical 

Shop Fabricated LNG Storage Tank 
(Excluded from Presentation) 

 
ASME Boiler and Pressure Vessel Code Section VIII 
> 15 psig Maximum Allowable Operating Pressure 

 



LNG Tank Arrangements 
Foundation 

• At Grade 
• Elevated Above Grade 
• Below Grade 

Tank Types 
• Single Containment 
• Double Containment 
• Full Containment 

Primary Containment 
• Aluminum 
• Stainless Steel 
• 9% Nickel Steel 
• Prestressed Concrete 
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Max Liquid Level 

Max Liquid Level 

In-Tank Valve Controller 

Max Liquid Level 

LNG Pump 

LNG Pump 

LNG Pump 

 
1. Bottom Withdrawal 

 
 
 
 
 

2. Bottom Withdrawal 
with In-Tank Valve 
 
 
 
 

3. Top Withdrawal – No 
Penetrations Below 
Liquid Level 

Single or Full 
Containment 

Single 
Containment 

Single 
Containment 

NFPA 59A 2001 Edition 
3 - Design Spill Cases for Vapor Dispersion Modeling  

10 – Minute 
 Spill   

10 – Minute Spill   

Full Tank 
 Spill   
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Single Containment LNG Tank 

• Aluminum, Stainless Steel, or 9% Nickel Inner Tank 
• Carbon Steel Outer Tank 
• Secondary Containment Berm 
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Full Containment Concrete LNG Storage Tanks  

• Stainless Steel, or 9% Nickel Primary Inner Tank 
• Integral Concrete Secondary Containment Walls 
• Carbon Steel Vapor Barrier 
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Cameron LNG 

Golden Pass LNG 

Pascagoula LNG 

Freeport LNG 

Current US Facilities with Full Containment LNG Tanks 

PGW LNG 
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Full Containment Pre-
Stressed Concrete 

Inner and Outer Wall 
LNG Tanks 

(Unlined - LNG in 
Direct Contact With 

Primary Concrete 
Walls) 

 
2 – 94,000 m3 Tanks 

Philadelphia Gas 
Works 

Port Richmond 
Built 1974 
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Single Containment LNG Tank 

59A 2001 Edition and 193 Siting Requirements 
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Single Containment LNG Tank 
 

1. Secondary Containment Capacity 

10- minute spill 
impoundment 

Secondary Containment  
Dike Wall 

Full Tank Failure 
Tank Impoundment has a Minimum  

of 110% Full Capacity of Largest LNG Tank 
(Includes Volume Displaced by Tank) 

No Scale 

Secondary Containment  
Dike Wall 
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2. Minimum Distances to Property Lines 
For Thermal Radiation 
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Full Dike Fire 
Design Spill Case: 

Bottom Withdrawal, No In-Tank Valve 
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F=3 

F=2 
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Single Containment LNG Tank 
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3.  Minimum Distances to Property Lines 
For Vapor Dispersion 

Bottom Withdrawal – No In-Tank Valve 
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Full Tank Failure 

No Scale 

Bottom Withdrawal 
 (No In-Tank Valve) 

Worst Case Scenario 
Dike Wall 

Dike Wall 

Wind 

Full Tank Failure 

No Scale 

Single Containment LNG Tank 

LNG Pump 

Full Tank 
 Spill   
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4.  Minimum Distances to Property Lines 
For Vapor Dispersion 

Bottom Withdrawal – With In-Tank Valve  
Or Top Withdrawal 
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Full Tank Failure 

No Scale 

Bottom Withdrawal 
 (In-Tank Valve) 

Dike Wall Dike Wall 

Wind 

Full Tank Failure 

No Scale 

Single Containment LNG Tank 

LNG 
 Pump 

10-Minute 
 Spill  
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In-Tank Valve 
 Controller 
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Full Containment Concrete LNG Storage Tanks  

3 - Siting Requirements 
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Full Containment Concrete LNG Storage Tanks  
Integral Secondary Containment 

Note: FERC also requires a tertiary berm for double and full containment tanks as an additional layer of protection. 



Full Tank Failure - 
Assume Full Roof Failure 

No Scale 

Concrete Secondary  
Containment Walls 

Full Containment 
  2. Minimum Distances to 

Property Lines 
For Thermal Radiation 
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3.  Minimum Distances to Property Lines 
 for Vapor Dispersion 

Based on 10 – Minute Spill  
All Pumps at Max Runout Rates 
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Full Tank Failure 
Assume Full Roof Failure 

No Scale 

Concrete Secondary  
Containment Walls 

Full Containment  

LNG Pump 
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1. Tank Dimensions 
2. Secondary Containment Area & Surfacing Material 
3. Accidental Spill Size 
4. Climate; Wind Speed & Direction, Temperature, Humidity 
5. Local Terrain 
6. Distance from Property Lines That Can Be Built Upon 
7. Distance Between Multiple Tanks 
8. VCE (Vapor Cloud Explosions) from Flammable 

Refrigerants 
 

Siting Studies & Modeling 



What Type of Refrigerated Hydrocarbon Gas Storage Tanks Are 
Typically Used in Industry? 
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Single Containment Double Containment Full Containment 

LNG LNG LNG 

•Large amount of land 
available 

•No public nearby 

•Minimal security concerns 

•API 620 Code 

 

•Less of land available 

•Near public or close to 
other industry  

•More security concerns 

•API 620 & ACI 376 Codes 

•Minimal land available 

•Near people or public 
gatherings and close to 
other industry  

•Maximum security 
concerns 

•ACI 376 Code 

3 Tank Types:  Current sizes up to 42 million gallons (1,000,000 barrels) of 
cryogenic liquid at -260 0F at low pressure, typically 1- 2 PSIG 
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General Conclusions 
Compare Single Containment to Full Containment 

 
1. Smaller Exclusion Zones for Full Containment  
2. Full Containment Requires Less Real Estate for Siting Compliance 
3. Full Containment Considered More Robust to External Threats 

(Security, Weather, Fire, VCE Exposure) 
4. Full Containment Cost More & Takes Longer To Construct Than 

Single Containment 

Design Spill Case: 
Bottom Withdrawal, No In-Tank Valve 

Design Spill Case: 
No Penetrations Below Liquid Level 
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Double Containment LNG Tank 

Ecoelectrica, Puerto Rico 
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EIS April 1996 Part 2 of 11, Page 3-19 

FERC Application  
October 1994 Initial Ecoelectrica 

Application to FERC was Full 
Containment, but Denied, 

 Design Changed to Double 
Containment 
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Prior* Regulatory Issues with Full Containment LNG Tanks 
• Identifying Cold Spots in Tank Walls with Perlite Insulation 
• If Cold Spots Exist, Repair Insulation in Tank Walls  
• Prevention of Corrosion of Hidden Carbon Steel Plate in 

Contact with Concrete 
• Inspection & Repair Corrosion of Carbon Steel Plate in Contact 

with Concrete 
• “Cracking” of Concrete Containment When Exposed to LNG 

Temperature (How Big are the Cracks?) 
 
Note: The word “cracking” is common industry term with various meanings. 
Cracking can be both stress relieving from curing and visible traits.  Thermal 
cracking of cured concrete may not be visible (granular level) or may result in 
hairline cracks but specifically not continuous resulting in loss of tightness. 

“Prior” refers to comments from Bob 
Arvedlund, FERC, in 1999+/- on his 
concerns of full containment LNG tanks. 



27 

Ecoelectrica 
Double Containment LNG Tank 

Lessons Learned 
• Collected Rainwater that Required Significant Pumping 

to Keep Dry 
• OSHA Confined Space Entry Between Walls 
• Potential Confined Space Explosion for Air-Gas Mixture 
• Structurally More Complex – Tank & Secondary 

Containment Wall Needs to Be Self Supporting 
 

Full Containment LNG 
Tanks Have Been 

Subsequently Approved 
for a Number of Recent 

LNG Import/Export 
Projects 
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ACI 376-2011 
Concrete LNG Tanks 

API 620 
All Metal LNG Tanks 

2016 Edition 

Incorporated 
by 

Reference  
in NFPA 59A 
2016 Edition 

49 CFR  
Part 193 

Preferred 
Outcome 
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Publication Year: 2013 
Pages: 149 
ISBN: 9780870318146 
Categories: Tanks 

The formation of the ACI 376 
Committee was based on a formal 
request in February 2003 by the 
NFPA 59A Committee that 
American Concrete Institute (ACI) 
undertake the preparation of a 
standard to address this particular 
need.  ACI 376 Code was first 
published in 2013. 
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USDOT PHMSA LNG Workshop 

 
Thank you! 
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• Alan D. Hatfield PE 
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• Houston, Texas  77092 

 


	�USDOT PHMSA LNG Workshop��LNG Technologies Incorporated Since NFPA 59A 2001 Edition for Concrete LNG Tanks�
	What are Refrigerated Hydrocarbon Liquid Storage Tanks? 
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	What Type of Refrigerated Hydrocarbon Gas Storage Tanks Are Typically Used in Industry?
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

