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Engineering Equipment and Materials

Users Association

About EEMUA

The Engineering Equipment and Materials Users
Association is usually known by its initials, EEMUA.
EEMUA is an Association established by the owners
and operators of industrial assets. Any organisation
that is a substantial user or substantial purchaser

of engineering products may apply to become a
member of EEMUA. Membership is subject to the
approval of Council.

EEMUA aims

EEMUA aims to improve the safety, environmental
and operating performance of industrial

facilities in the most cost-effective way, pursuing
and promoting leadership in industrial asset
management by sharing engineering experiences
and expertise, and by the active, enlightened
promotion of the distinct interests of users of
engineering products. These aims are achieved by
various means, including:

Providing the organisation within which
networking, information sharing and
collaboration among users on non-
competitive technical matters can take place.
Influencing the way written regulations are
interpreted and applied in practice.
Promoting and presenting members’ views,
and encouraging the application of good
sound engineering practices.

Developing user guides, specifications,
training and competency schemes.
Facilitating members’ participation in
national and international standards making.
Influencing relevant national and European
legislation and regulation.
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The income and resources of EEMUA are applied
solely towards the promotion of the aims of the
Association. No profitis transferred by way of
dividend, bonus or otherwise to members. The
work of the Association is mainly carried out by
members’ representatives on EEMUA Technical
Committees, Working Groups, and Forums,
supported by EEMUA staff.

Incorporation, membership and
other information

For the purposes of conducting its business,
EEMUA is incorporated in England and Wales as a
company, limited by guarantee, not having share
capital. All usual aspects of company management
and business administration are dealt with through
the EEMUA Chief Executive, including policy
implementation and leadership of the Executive
team (the staff).

A list of EEMUA publications for sale is given at the
end of this Publication. The full list is also on the
Association’s website, including details of on-line
shopping facilities.

To enquire about corporate Membership, write to
ask@eemua.org or call +44 (0)20 7488 0801.
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About this Publication

Legal aspects

All rights, title and interest in this Publication
belong to EEMUA. All rights are reserved. No

part of this Publication may be reproduced,

stored in a retrieval system, or transmitted in any
form or by any means: electronic, mechanical,
photocopying, recording or other, without the
express prior written agreement of the EEMUA
Chief Executive. Infringement of copyright is illegal
and also reduces the Association’s income thereby
jeopardising its ability to fund the production of
future publications.

[t has been assumed in the preparation of this
Publication that: the user ensures selection of
those parts of its contents appropriate to the
intended application; and that such selection and
application is correctly carried out by appropriately
qualified and competent persons for whose
guidance this Publication has been prepared.
EEMUA and the individual members of the Work
Group that prepared this EEMUA Publication do
not, and indeed cannot, make any representation
or give any warranty or guarantee in connection
with material contained herein. EEMUA and

the individual members of the Work Group

that prepared this EEMUA Publication expressly
disclaim any liability or responsibility for damage
or loss resulting from the use or reliance on this
Publication. Any recommendations contained
herein are based on the most authoritative
information available at the time of writing and
on current good engineering practice, but it is
essential for the user to take account of pertinent
subsequent developments and/or legislation.

Any person who encounters an inaccuracy or
ambiguity when making use of this Publication is
asked to notify EEMUA without delay so that the
matter may be investigated and appropriate action
taken.

Any person who encounters an inaccuracy or
ambiguity when making use of this Publication is
asked to notify EEMUA without delay so that the
matter may be investigated and appropriate action
taken.

Consultation and feedback

EEMUA encourages constructive comments on this
Publication from both Members of the Association
and others.

Comments should be sent on the standard
feedback form, a copy of which is provided
towards the end of this Publication. An electronic
version of the feedback form is available from
EEMUA - e-mail your request for a copy to ask@
eemua.org, telephone your request to +44 (0)20
7488 0801, or download the form from the EEMUA
website at www.eemua.org. Submit comments by
e-mail (preferred) or post.

Comments are considered by the relevant EEMUA
Technical Committees and may be incorporated in
future editions of this Publication. New editions are
publicised on the EEMUA website.
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Preface

Early designs of tanks for refrigerated liquefied
gases were traditionally single containment,
which means that the liquid containing tank was
surrounded by a low bund wall at a considerable
distance. Where double wall tanks were used the
outer wall was mainly intended to contain the
insulation.

Since the mid-1970s it has become increasingly
common practice in a number of countries,
including the United Kingdom, to surround the
primary liquid container by a secondary container
at a close distance. The secondary container

is intended to prevent release of the liquefied
products into the surrounding area in case of
leakage or damage to the primary container. This
philosophy results in increased safety for the
surrounding area.

These tanks generally have secondary containers
made from low temperature steel, pre-stressed
concrete or reinforced concrete with an earth
embankment. More recent developments have
led to the publication of EEMUA 207() which gives
recommendations for design, construction and
operation of double concrete tanks.

Full document details: EEMUA 147-2016

Background

When Edition 1 of EEMUA 147 was published in
the mid-1980s it was the first publication in the
world to define the various types of Refrigerated
Liquefied Gas (RLG) tanks available and define

the full containment tank. It provided design and
construction recommendations which were later
adopted into a number of internationally accepted
Standards. There are now numerous tanks that
have been constructed to these Standards and
operated successfully and safely for many years.

As a consequence of this, Edition 2 did not
replicate this data but concentrated instead on
recommendations on the operation, inspection
and maintenance of RLG tanks, and included the
new double concrete tanks design options.

The latest Edition 3 expands on the inspection
advice and includes a new Section 7.5 External
inspection. It draws on the recommendations
given in its sister publication EEMUA 159: Above
ground flat bottomed storage tanks. Guide to
inspection, maintenance and repair.
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1. Introduction

1.1 Scope

The purpose of this EEMUA Publication is to
supply the outline information necessary for the
categorisation, inspection and maintenance of
single, double and full containment tanks for the
bulk storage of refrigerated liquefied gases down
to -165°C, and essentially at atmospheric pressure.

Liquids covered by the scope of this document
include Liquefied Petroleum Gas (LPG), ethylene,
ethane, Liquefied Natural Gas (LNG) and similar
hydrocarbons, together with ammonia.

1.2 Definitions of terms

Bund wall

Alow wall of earth or concrete surrounding the
storage tank at a distance appropriate to contain
spilled liquid.

Purchaser

Purchaser, for the purpose of this document, is the
Company or its agents which prepare and agree a
proposal with a Contractor or Contractors for the
design, construction, testing and commissioning of
a tank for storing a refrigerated liquefied gas. Itis
not the purpose of this document to define terms
of reference or to allocate responsibilities between
contracting parties when the Purchaser is not to be
the owner or operator of the storage plant.

Boil-off

Boil-off is the process of vaporisation of very small
quantities of refrigerated liquid by heat conducted
through the insulation surrounding the storage
tank.

Embankment

A bank of selected earth and other materials placed
against the outer face of a reinforced concrete tank
or high wall.

Full document details: EEMUA 147-2016

Contractor

The Contractor, for the purpose of this document,
is the Company with which the Purchaser agrees a
proposal for the design, construction, testing and
commissioning of a tank for storing a refrigerated
liquefied gas. The document, in the interest of
simplicity, considers the Contractor as being
responsible for all works, materials, equipment and
service.

Roll-over

Roll-over is the uncontrolled mass movement of

a stored liquid, caused by an unstable state of
stratified liquids of different density, temperature
or composition throughout the depth of the liquid.
It is generally accompanied by a large release of
vapour inside the tank.

Accidental loads
These loads include impacts from explosions, flying
objects, acts of sabotage or fires.

Cryogenic temperature
Very low temperature (below -100 °C).
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2. Cateqgorisation of storage systems

The first Edition of this Publication described the
world’s first categorisation of storage tanks suitable
for storing refrigerated or cryogenic liquefied
gases. The second Edition further develops this
concept by introducing tank Type/Classes based
on a safety evaluation. The smaller the risk during
an incident the higher the classification, i.e. Class

B represents higher risk compared to Class A.
Storage categories and classifications are defined
in this Chapter.

2.1 Definitions of containments
2.1.1 Single containment

Either a single or double wall tank designed and
constructed so that only the containing element in
contact with the refrigerated product is required to
meet the low temperature ductility requirements
for storage of the product. The outer wall (if any)
of a single containment storage system is primarily
for the retention and protection of insulation and
is not designed to contain liquid in the event of
product leakage from the inner container.

A single containment tank will be surrounded by a
traditional bund wall to contain any leakage (See
Figures 1 and 4).

2.1.2 Double containment

A double wall tank designed and constructed

so that both inner and outer walls are capable

of containing the refrigerated liquid stored. To
minimise the pool of escaping liquid the outer
wall should generally be located at a distance not
exceeding 6 metres from the inner wall. The inner
tank stores the refrigerated liquid under normal
operating conditions. The outer tank contains the
refrigerated liquid product leakage from the inner
tank.

EEM UA Copyright © 2016 The Engineering Equipment and Materials Users
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The outer tank will not be designed to contain
vapour released due to product leakage from the
inner tank (See Figures 1 and 5).

2.1.3 Full containment

A double wall tank designed and constructed

so that both inner and outer tanks are capable

of containing the refrigerated liquid stored. The
outer wall is located at approximately 1 to 2 metres
distance from the inner wall (See Figures 2 and
6-28).

The inner tank stores the refrigerated liquid under
normal operating conditions. The outer roof is
supported by the outer wall.

The outer tank is capable of containing the
refrigerated liquid and vapour resulting from
product leakage from the inner tank.

This category can be sub-divided into different
classes:

o Class A(1): Afull containment tank where
the outer metal or concrete container/
component may not be able to resist
accidental loads from outside;

o Class A(2): As Class A(1), but the inner tank
is constructed as a pre-stressed concrete
container, without a metal liner;

« Class B(1): A full containment tank where
the outer concrete container is designed and
constructed to resist all accidental loads from
outside, such as: impacts from explosions,
flying objects, acts of sabotage or fires and
the inner tank is — under normal operation —
a liquid tight container; and

o Class B(2): As class B(1) but — but the inner
tank is constructed as a pre-stressed concrete
container, without a metal liner.
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The following Figures give an indication of the
available and developed tank categories. Types 1
and 2 correspond to single containment and Type
3 for double containment. Full containment is
further divided into two Classes and then Types 4
to 11. Note that Type 11 is an in-ground type that
has been primarily used in Japan.

2.1.4 Membrane tanks

Membrane tanks consist of a single wall pre-
stressed concrete tank that is lined with a stainless

steel membrane which is both liquid and gas tight.

The membrane is in turn welded to a carbon steel
liner on the inside of the dome roof. There are
both in-ground and above ground membrane
tanks. (See Figure 3and 9 - 10).

Most approval Authorities consider the above
ground membrane tanks as equivalent to full
containment tanks. However, other Authorities
may instead treat them as single containment
tanks and may impose the addition of a bund wall.

Membrane tanks are sometimes referred to as total
integrity tanks.

* Including half in-ground Tanks

Single*
containment

Double
containment

Type 2
9% Ni Steel Inner Tank,
Carbon Steel
Outer Tank + low dykes

Type 3
9% Ni Steel Inner Tank,
Carbon Steel Outer Tank
and/or high pit dykes
(pre-stressed concrete
Outer Tank)

9% Ni Steel Inner Tank

9% Ni Steel Inner Tank

Carbon Steel
Outer Tank low dykes

High pit dykes (pre-stressed

concrete Outer Tank Shell)

Figure 1 Scheme of tank categories
for Refigerated Liquefied Gas (RLG) products

Full document details: EEMUA 147-2016

AVA

Documents

ha'“—(ub


http://www.avadocuments.com/doc/eemua-147-2016
http://www.avadocuments.com/doc/eemua-147-2016

Publication

Full
containment Tanks
|
Class A (1) Class A (2)
[ |
Type 4 Type 5 Type 6 AsType 4,5 or 6
9% Ni steel 9% Ni Steel 9% Ni Steel Inner Tank, But with
inner tank, Inner Tank, concrete Outer Tank pre-stressed
9% Ni Steel pre-stressed earthen embankment concrete
Outer Tank concrete Outer Tank I Inner Tank
I I 9% Ni Steel without
9% steel 9% Ni Steel Inner Tank a metal liner
Inner Tank Inner Tank I
I I Reinforced concrete
9% Steel Outer Pre-stressed Outer Shell earthen
Shell and Bottom concrete Outer Shell embankment
| | |
Carbon Steel Carbon Steel Carbon Steel
Outer Roof Outer Roof Outer Roof
Class B (1) Class B (2)
Type7 Type 8 Type 9 Type 10
9% Ni Steel 9% Ni Steel Double conrete Double concrete
Inner Tank, Inner Tank, Tank with metal Tank without metal
concrete Outer pre-stressed liner in concrete liner in concrete
Tank earten concrete Outer Tank Inner Tank InnerTank
embarkment | | |
| 9% Ni Steel Pre-stressed Pre-stressed
9% Ni Steel Inner Tank concrete Inner Shell concrete Inner Shell
Inner Tank | | |
| Pre-stressed Pre-stressed Pre-stressed
Reinforced concrete Outer Shell concrete Outer Shell concrete Outer Shell
concrete Outer
Shell earthen | | |
embankment Reinforced Reinforced Reinforced
concrete Outer Roof concrete Outer Roof concrete Outer Roof
Reinforced
concrete Outer Roof

Figure 2 Scheme of tank categories for RLG products (cont.)
Note: only the shell of a concrete tank is pre-stressed. The floor is reinforced concrete
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Type 1 Type 11
Stainless Steel Stainless Steel
membrane and membrane and
pre-stressed concrete concrete tank
Membrane/ Membrane/
insulation/pre-stressed insulation/
concrete Outer concrete Outer
Tank Shell Tank Shell
- Ground

Figure 3 Scheme of tank types for RLG products (cont.)
Note: Stainless Steel and 9% Ni materials are usually only used for cryogenic storage tanks
(e.g.: tanks storing LNG, LIN, LOX LAR, Ethylene, etc.). For low temperature storage tanks
(e.g.: tanks storing LPG, Ammonia, etc.) low temperature carbon steel is generally used.
The types of tanks and insulation shown are typical for LNG storage tanks. For other cryogenic or low
temperature products only certain types of tanks and insulation are generally used.

Documents

l‘v‘\ Document Shagj ub
5 ]

Full document details: EEMUA 147-2016


http://www.avadocuments.com/doc/eemua-147-2016
http://www.avadocuments.com/doc/eemua-147-2016

Recommendations for refigerated liquefied gas storage tanks

CS Roof

AL Suspended Deck

Fibreglass Blanket

g T
¢ Perlite Powder
. y
s A CS Outer Tank
Bund Wall . 9% Ni Inner Tank '
/ Heater
s Foamglass Insulation
\ - E=2S) / \
S [ 7

Figure 4 Typical detail of a Type 2 above ground single containment storage tank

CS Roof

AL Suspended Deck

Fibreglass Blanket
Weather Shield

Perlite Powder

\ -.': :'.- CS Outer Tank

PC High Dyke

: y
b 9% Ni Inner Tank e
9% Ni -
Secondary /
Barrier M Foamglass Insulation .
.. o Heater
B \;:j;:;q 7 B v

Figure 5 Typical detail of a Type 3 above ground double containment storage tank
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CS Roof

AL Suspended Deck

Fibreglass Blanket

p== .
y Perlite Powder
- 9% Ni Outer Tank
M 9% Ni Inner Tank '
o / Heater
o Foamglass Insulation Y
of z z ; >
7

7 7 7 7 7 i 0

Figure 6 Typical detail of a Type 4 above ground full containment storage tank

CS or RS Roof

AL Suspended Deck

Fibreglass Blanket

Perlite Powder

Vapour Barrier

Y PC Outer
< I - / Tank Wall

. e
.. o Ni .
9% Ni 9% Ni Inner Tank -
Secondary S
Barrier o

Foamglass Insulation

Heater

[EINS

Figure 7 Typical detail of a Type 5/Type 8 above ground full containment storage tank
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Earthen
Berm

Vapour
Barrier

Heater

AL Suspended Deck

<] |

CS or RC Roof

9% Ni Inner Tank

Foamglass Insulation

=

Fibreglass Blanket

Perlite Powder

\

Figure 8 Typical detail of a Type 6/Type 7 above ground full containment storage tank

FG Blanket

l_\
Pe
>

CS or RC Roof

| PCont Wall

SS Membrane

AL Suspended Deck

PUF Insulation

Heater

00

EEMUA copyi

[00)

Figure 9 Typical detail of a Type 1 above ground membrane storage tank
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FG Blanket

CS or RC Roof

AL Suspended Deck

re

RCWall

~

SS Membrane

Heater \

¢

PUF Insulation

/ Heater

u]

RCSLAB

u]

=

Bottom Heater

Impermeable Layer

Figure 10 Typical detail of a Type 11 in-ground membrane storage tank

All such storage tanks are primarily designed

and constructed to contain the refrigerated or
cryogenic product under operational conditions.
Tanks constructed with the steel outer roofs
(whether constructed from 9% nickel steel or
normal carbon steel) or steel outer tanks may not
provide containment against accidental loads.

2.2 Double concrete tanks

A recent development supported by a number of
civil engineering Contractors and engineering firms
working in the cryogenic gas sector is the double
concrete type of tank — see Figure 11. Here the

9% nickel steel inner tank is exchanged for a
pre-stressed concrete inner tank. The concrete
inner tank may or may not be equipped with an
internal liner/liquid tight metal barrier depending
on which concept was patented by the designer.
At the time of this edition no European or
International norms, Codes or Standards are
available to provide best industry practice to guide
the designer. This may lead to a weakening of
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the exemplary safety record achieved by the gas
industry using the existing types of storage tanks.

EEMUA Publication 207 is double concrete tank
design guidelines which is the result of mutual
work between its Storage Tank Committee

and experts from the civil engineering and gas
industries.

In the USA a civil code was published(® that
included industry minimum design and
construction requirements for concrete structures
that can be exposed to cryogenic temperatures.
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Recommendations for refigerated liquefied gas storage tanks

Figure 11 Artist impression of a double concrete tank with no liner

2.3 Refrigerated/cryogenic or
pressurized storage

Large volumes of products that are in the gaseous
phase at ambient temperature and have a flash
point lower than 0°C are most economically stored
at their boiling point in refrigerated or cryogenic
storage. In this case storage takes place nominally
at ambient pressure.

Where the volume of the stored/shipped product
is small or availability of the product in the gaseous
phase is required at short notice, then pressurised
storage may be more economical. The re-
gasification process of refrigerated and cryogenic
liquids is not spontaneous.

Appendix | of EEMUA 1908), shown here as Figure
12, shows a decision flow chart and methodology
to assist in achieving the most economical storage
facility, i.e. refrigerated or pressurised storage.
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