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The purpose of this engineering practice is to provide Global E&C Solutions engineers the necessary methods and general guidelines for the process design and specification of tank farms.
This document contains process related design definitions and recommendations for a good design of storage facilities.
This engineering practice is applicable to all technologies except cryogenic technologies.
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	DISCLAIMER

The information contained in this document has been prepared by L’Air Liquide S.A. and/or its controlled subsidiaries (“Air Liquide”), exclusively for their use, and is Air Liquide property. Air Liquide believes the information is current and accurate, but circumstances may warrant additional requirements or procedures. This document is subject to periodic review and users are cautioned to obtain the latest edition.

Air Liquide makes no representations or warranties to third parties as to the quality, accuracy or completeness of information contained in this document and EXPRESSLY DISCLAIMS ALL WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE WARRANTY OF MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE.

No part of this document may be copied or otherwise shown or disclosed to third parties without the prior consent of Air Liquide.

Unauthorized use of this document by any third Party, including Air Liquide contractors and subcontractors, shall be at such Party’s own risk, and Air Liquide assumes no liability in connection with information contained herein. Air Liquide disclaims any liability for any damage suffered by any company or person as a result of or in connection with the use, application or implementation of the information contained herein or any part thereof. The benefit of this disclaimer shall inure to Air Liquide and its affiliates.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations, insurance requirements or national safety codes.

	

	This document is issued and administered by the Air Liquide Global E&C Solutions Standards Department.

Paper copies of this document are considered to be “uncontrolled” and users should always check for the most recent revision.


1 Introduction

1.1 Purpose

The purpose of this engineering practice is to provide Global E&C Solutions engineers the necessary methods and general guidelines for the process design and specification of tank farms.

1.2 Scope of Application

This engineering practice is applicable to all technologies except cryogenic technologies.
This document together with the Process Guideline for Process Design of Tanks and Tank Farm shall be considered to design tanks within Global E&C Solutions.
The document Guidelines for the Design of Tanks & Tools is available in the Lurgi Knowledge Database CONFLUENCE. See section 1.5.2.
1.3 Principles
All kind of liquids are stored in tanks. Some gases are refrigerated, liquefied, and stored as liquid in tanks. Depending on the vapor pressure of the liquid, there are different kinds of tanks available.
Design criteria for tanks are capacity, pressure, and temperature at stored condition and the stored fluid.
The design capacity is defined as nominal capacity and stored capacity.
1.4 Definitions

	Not applicable
	


1.5 Applicable Codes, Standards, and Air Liquide Reference Documents

1.5.1 Industry Codes and Standards

	API 620
	Design and Construction of Large, Welded Low Pressure Storage Tanks

	API 650
	Welded steel tanks for oil storage

	API 2000
	Venting Atmospheric and Low pressure storage tanks

	API 2510
	Design and construction of Liquefied Petroleum Gas installations

	NFPA 30
	Flammable and Combustible Liquid Code


1.5.2 Associated Air Liquide Documents

The following documents may be found at: 
http://team.lurgi.corpnet/confluence/display/VT/PR.03.02.06+Tanks
	
	Process Guideline for Process Design of Tanks and Tank Farm

	
	Guidelines for the Design of Tanks & Tools

	
	Tool for Tank Design


2 General

2.1 Economic Considerations

Economics play a major role in the planning of a plant.

The size and material of the tank are important factors in investment costs. The process engineer should choose the most economical size and material, obtaining in this way a lower investment cost of a plant.
2.2 Capacity

a. For all type of tanks capacity shall be defined as nominal capacity and stored capacity.

b. Nominal capacity for fixed roof tank shall be volume of cylindrical shell. Stored capacity for fixed roof tanks shall be equal to nominal capacity minus free board volume or location of lowest roof structure member.

c. Nominal capacity (also the stored capacity) for floating roof tanks shall be volume of cylindrical shell minus free board volume (equivalent to minimum 1500 mm of shell height).
d. Nominal capacity (also the stored capacity) for fixed cum floating roof tanks shall be volume of cylindrical shell minus free board volume (equivalent to minimum 2500 mm of shell height).

2.3 Storage Classification

2.3.1 Atmospheric Tanks

Atmospheric pressure tanks are designed and equipped for storage of contents at atmospheric pressure. This category usually employs tanks of vertical cylindrical configuration. However, bolted tanks and occasionally rectangular welded tanks are also used for atmospheric storage service.

2.3.2 Low Pressure Tanks

Low pressure tanks are normally used in applications for storage of intermediates and products that require an internal gas pressure from close to atmospheric up to a gas pressure of 17 kPa (g). This shape is generally cylindrical with flat or dished bottoms and sloped or domed roofs.

2.3.3 Medium Pressure Tanks

Medium pressure tanks are normally used for the storage of higher volatility intermediates products up to a gas pressure of 17 to 100 kPa (g) that cannot be stored in low pressure tanks. The shape may be cylindrical with flat or dished bottoms and sloped or domed roofs.

2.3.4 High Pressure Tanks

High pressure tanks are generally used for storage of refined products or fractional components at pressure above 100 kPa (g). Tanks are of welded design and may be of cylindrical or spherical configuration.
2.4 Type of Tanks

2.4.1 Spheres

Spherical shaped storage tanks generally used for storing products at pressure above 0.35 bar (g).
2.4.2 Spheroids

A spheroidal tank is essentially spherical shape except that it is somewhat flattened. These tanks are generally used for storing products above 0.35 bar (g).
2.4.3 Horizontal Cylindrical Tanks

The working pressure of these tanks can be from 1 to 70 bar (g) or greater. Horizontal cylindrical tanks often have hemispherical heads.
2.4.4 Fixed Roof Tanks

Fixed roofs are permanently attached with the tank shell.
2.4.5 Floating Roof Tanks

Floating roof tank (FRT) provides economical and environmentally friendly storage for a large range of products manufactured by the hydrocarbon processing industry. This type of tank is primarily used for storage near atmospheric pressure. Floating roofs remains the most widely used method to control evaporative emissions from the volatile products safely. Floating roof tanks can be fabricated in a type that is exposed to the weather or a type that is under a fixed roof. Internal floating roof tanks with an external fixed roof are used in areas of heavy snowfall since accumulation of snow or water on the floating roof affect the operating buoyancy. The tank is designed in accordance with accepted industry standards such as API 650.
Reducing product evaporation, improving safety, and maintaining overall operating economy remain the primary reasons the floating roof technology is accepted as a worldwide standard for volatile product storage.

Four conditions that affect storage tank evaporation are:

e. Liquid temperature

f. Vapor space above liquid

g. Vapor space ventilation

h. Available liquid surface area

For any liquid stored in a container with an open vapor space, a portion of that liquid will evaporate until equilibrium is achieved. Once established, no further evaporation will occur unless conditions are altered.

The floating roof is selected based on certain product and process consideration. The specification depends on the floating roof style and whether it is used as an external floating roof (EFR) or as an internal floating roof (IFR).

2.4.6 Flat Sided Tanks

Although cylindrical shaped tanks may be the best structurally for tank construction, rectangular tanks occasionally are preferred. When space is limited, such as offshore, requirements favor flat sided tank construction because several cells of flat sided tanks can be easily fabricated and arranged in less space than other type of tanks. Flat sided or rectangular tanks are normally used for atmospheric type storage.
2.4.7 Lined Ponds

Ponds are used for disposal, evaporation, or storage of liquids. Environment consideration may preclude the use of lined ponds for the storage of more volatile or toxic fluids. Linings are used to prevent storage liquid losses, seepage in to the ground, and possible ground water contamination.

2.4.8 Underground

Underground storage is more advantageous when large volumes are to be stored. Underground storage is especially advantageous for high vapor pressure products.

2.4.9 Refrigerated Storage

The decision to use refrigerated storage in lieu of pressurized storage is generally a function of the volume of the liquid to be stored, the fill rate, the physical and thermodynamic properties of the liquid to be stored, and the capital investment and operating expenses of each type of system. Large quantities of many important gases like natural gas, ethane, ethylene, methane, etc., have to be liquefied and stored. These storage facilities are required prior to export by ocean going vessel or prior to re-gasification for transportation by pipelines. The refrigerated tanks are of two subtypes as:
i. Single wall insulated tank
j. Double wall tank

The double wall (insulated) tank consists of an inner tank for storing the refrigerated liquid and an outer tank that encloses an insulating space around the inner tank.

3 Responsibility

The engineering practice and the process guidelines are confidential and only to be used by employees of Global E&C Solutions. They may not be distributed outside the company or reproduced.
Lead engineers are responsible for the definition and design of critical specific process cases/lines.

Prior to the design and location of a tank farm, attention should be paid to the following items.
k. Number and size of tanks required

l. Product to be stored
m. Corrosive components
n. Flammability
o. Accessibility in emergency cases
p. Fluid hazardous class (water pollution class)

4 Tank Material

4.1 Metallic

Shop welded, field welded, and bolted storage tanks customarily are fabricated from mild quality carbon steel. Some storage applications or service conditions (low temperature storage) require storage tanks to be fabricated from metals such as low alloy stainless steel, aluminum, or other specialty materials.

4.2 Nonmetallic
Nonmetallic materials have advantage of being non-corroding, durable, low cost, and lightweight. Plastic materials used in the construction are polyvinyl chloride, polyethylene, polypropylene, and fiberglass-reinforced polyesters.

4.3 Coating
4.3.1 Internal
Use of internal coatings primarily is to protect the inside surface of tank against corrosion while also protecting the stored contents from contamination. Many types of internal coatings are available such as coal tar, epoxy resin coatings, rubber lining, galvanized, etc.

4.3.2 External

The basic requirements for external coatings are appearance and weather protection. Numerous types of external coatings are available from basic one-coat primers to primers with one or more top coating.

5 Process Guidelines in CONFLUENCE
The document Process Guidelines for Tanks and Tank Farms Design with general/important information is published in Lurgi Knowledge Database CONFLUENCE and it is available for all process engineers.
These guidelines shall be used as Standards valid for general use. If there is any specific process that requires a special design, this is a deviation from the guidelines and it shall be defined by a lead engineer of the project.
6 Tank Calculation tool in CONFLUENCE
The Tool for Tank Design is published in Lurgi Knowledge Database CONFLUENCE and it is available for all process engineers.

This tool shall be used as Standard valid for general use.
7 Entity/Center specific amendments

The following is a list of specific entity/center requirements that differ from those given in this standard.

These requirements are only applicable to the engineering entity(ies)/center(s) for which they are listed.

	Entity/Center Specific Amendments

	Entity/Center
	Section
	Description
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