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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 governed by a Council of members. This Council is
responsible for the policies, financing, membership, and strategy of the
Association.  Any organisation that is a substantial user or purchaser of
engineering products is eligible to 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.

The income and resources of EEMUA are applied solely towards the promotion of
the aims of the Association. No profit is 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 by the EEMUA Executive Director, 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 enquiries@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 Executive Director. Infringement of copyright is illegal and also
reduces the Association's income thereby jeopardising its ability to fund the
production of future publications.

It 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.

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
enquiries@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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1. Introduction

1.1 Scope

The prevention and control of volatile organic compound (VOC) emissions from
storage tanks containing oil or chemical feedstocks or products is of primary
importance, not only for economic reasons (loss of product) but increasingly to
minimize the impact on the environment. National and local authorities are
becoming progressively more environmentally conscious, and various countries
have introduced, or are introducing, statutory regulations aimed at minimising the
risk of such emissions.

The EEMUA Storage Tanks Technical Committee decided that there was a lack of
guidance in this area and has therefore developed this Publication to meet that
need. In the first sections, this Guide addresses the main theory on how
emissions can be minimised by focusing on the source of emissions. The theory
is valid for most stored products including oil and chemical feedstocks. However,
this Publication deals mainly with the storage of hydrocarbons and the
consequent emission controls for such storage tanks.

‘Stench’, not originating from VOCs but from sulphur components, is not within
the scope of this Publication.

EEMUA 213 therefore guides tank owners and operators, manufacturers,
designers and specifiers to the most suitable tank type for particular feedstocks
based on the true vapour pressure (TVP) of products. It provides background
theories on possible solutions to prevent or reduce emissions from tanks and
during loading operations. It also gives guidelines on the treatment of the
escaping vapours when the achieved level of emissions does not match the
intended level or statutory requirements. It describes:

e Each vapour treatment system currently available.

e The system configuration and where possible includes a sketch of the
apparatus.

The technical aspects of the system.

Some requirement for utility connections and capacities.

Possible achievements with respect to reduction of dangerous gases.
The limitations of each system.

1.1.1 Note on Terminology

The term stored ‘product’ is used in the text. Stored product refers to whatever
oil or chemical is stored in the tank, including feedstocks.

1.2 How to Use this Publication

The best solution to prevent and limit emissions to atmosphere of VOCs and
vapour from stored products in tanks is to select the best type of tank for a
particular product. The key parameters for such a selection process are the
flashpoint and the TVP of a product. Chapter 2 describes how the use and
interpretation of these parameters can be the basis for the selection of a suitable
storage tank for hydrocarbon products. The sources of emissions from available
storage tank types are also described in this Chapter.
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Chapter 3 deals with emission reduction at the source of the emission. It covers
methods and techniques that limit the evaporation of the stored product. Design
features of storage tank components, product parameters, storage and
operational conditions are described that influence the build-up of vapours and
the subsequent emissions of these vapours to atmosphere. Amongst the
described topics are:

e Design of tanks:
- Type of internal/external floating roof.
- Seams in roof panels (welded, bolted, laminated, etc.).
- Number and features of penetrations in floating roof.
- Type of rim seal (vapour mounted, liquid mounted, mechanical shoe
seal).
- Type of fixed roof (aluminium dome, steel roof).
- Colour of shell, roof etc.
- Connecting tank to vapour balancing system.

e Physical product parameters:
- True vapour pressure.

e Storage conditions:
- Storage temperature.
- Wind factor.

e Tank operations:
- Landings of floating roofs.
- Velocity of product movements.
- Mixing operations.

Where these measures are considered insufficient, Chapter 4 addresses the
reasons that can be used to justify additional mitigating measures to reduce
emissions including:

e Health reasons: toxicity of certain products to people and environment.

e Deterioration of ambient air quality through formation of smog and ozone
from the photochemical reaction of VOCs with oxides and nitrogen (NOXx).
Ozone depletion.

Greenhouse effects.

Odour problems.

Legislation.

Fire and explosion hazard following ignition.

Economical reason due to vaporizing/loss of the stored or transferred
product.

Also described in Chapter 4 (and shown in Figure 1) are various currently
available systems for dealing with emissions (each with their own main
characteristics based on the required flow of VOCs that need to be treated and
their inlet concentrations) and available vapour destruction systems.

Finally in Chapter 5, evaluation tables are included that give guidance to the
effective selection of suitable emission control measures, all based on the
described systems as highlighted throughout this Publication. The following
evaluation tables are provided:
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Figure 1 Applicable different techniques for treatment or removal of VOCs
Source: BREF Refineries (EU-IPPC Bureau, Sevilla)

e Table 4 Emission reduction measures applicable to fixed roof tanks.
e Table 5 Emission reduction measures applicable to floating roof tanks.
e Table 6 Emission reduction measures for loading facilities.

In Appendix A, a method for measuring the efficiencies of various emission
prevention systems is described. It can be used as a tool to establish a datum for
comparison of the available techniques and allows a sound evaluation of the
various emission prevention and control systems. In order to distinguish the
emissions prevention efficiency between different types of Internal Floating
Covers (IFC) an evaluation questionnaire is given in Appendix B. Similarly, an
evaluation questionnaire on various rim seal systems on floating roofs and IFC’s is
included in Appendix C.

A list of Standards and other publications referred to in the text is given in the
References.
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2. Guidelines for Selection of Types of Conventional
Storage Tanks

2.1 Introduction

For over a hundred years, industry has used the Class*) of the product when
selecting a suitable tank type for a particular product. The product Class is
dependent on, amongst other parameters, the flash point of the product, see
Table 1 below. This Class categorisation is based on fire prevention/detection,
safety distances and spill capacities of tank pits.

Table 1: Class categorisation of products

Class 0 Products with a flashpoint < 0°C

Class 1 Products with a flashpoint between 0°C and 21°C

Class 2 (I) Products with a flashpoint between 21°C and 55°C stored at a
temperature above its flashpoint (these products are considered
as Class 1 products)

Class 2 (II) Products with a flashpoint between 21°C and 55°C stored at a
temperature below its flashpoint

Class 3 (I) Products with a flashpoint between 55°C and 100°C stored at a
temperature above its flashpoint (these products are considered
as Class 2 products)

Class 3 (II) | Products with a flashpoint between 55°C and 100°C stored
at a temperature below its flashpoint

Class 4 Unclassified products and products with a flashpoint above 100°C

On the basis of this initial Class categorisation, choices can be made on which is
the best type of tank for storing a specific product. It is appropriate to use
floating roofs for Class 1 and Class 2 products.

The choice of a full-contact or a non-contact floating roof is also related to the
applicable fire prevention scenario: rim seal fire scenario or full surface fire
scenario. This is due to the presence of vapours underneath a non-contact
floating roof.

A more suitable approach is to base the selection of the type of storage tank on
the vapour pressure of the product at storage temperature, i.e. the true vapour
pressure (TVP).

As shown in flow chart form in Figure 77, the decision process begins with the
question of what type of product is to be stored and its physical properties
especially, product volatility. Volatility is a function of the TVP of the liquid at
storage temperature. All hydrocarbon products have the characteristic that the
TVP rises with an increase in temperature. At the boiling point the TVP is equal to
atmospheric pressure (approx. 14.7 psia).

The vapour pressure of a fluid is usually determined by using the Reid Method
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which is a standard test® whereby the vapour pressure is determined at 100°F
(37.8°C). The vapour pressure determined according to this test is called the
Reid vapour pressure (RVP). This is not the same as the TVP, which varies with
temperature. However it is a convenient measure used in the decision process
for selecting the most suitable type of storage for various products. The RVP of a
product is a constant value whereas the TVP is a variable because it is a function
of temperature. The nomograms in API 25183 can be used to convert the RVP of
a product to the TVP.

Although they are not dealt with further in this Publication, factors such as
climatic conditions, air pollution, soil conditions and local regulations are all
important factors and should also be taken into consideration when selecting the
most suitable type(s) and size(s) of storage required. Establishing the most
appropriate storage arrangement requires that the selection/decision process be
based on a study of the prevailing circumstances and a thorough
review/assessment of all factors involved.

Other than the more readily known properties of the products to be stored and
the associated engineering issues the final selection will be influenced significantly
by criteria established through a detailed review of local regulations, standards,
codes, environmental requirements, cost considerations and space availability.
The engineering designer should, in close cooperation with process engineering,
evaluate all the appropriate factors in establishing the criteria for final selection
and detailed design of the storage facility.

Within the petrochemical industry only three types of conventional storage tanks
are being used:

e Fixed roof tanks (Section 2.1.1).
e External floating roof tanks (Section 2.1.2).
e Combi-tanks (Section 2.1.3).

2.1.1 Fixed Roof Tanks

The first tanks ever built for the petrochemical industry were fixed roof tanks.
One of the oldest tanks, still in service, is one from the year 1900, Figure 22.

Figure 2 A tank constructed in 1900 and still in use (Asia)
Courtesy of Shell

6 Documents

Document Sharing Hub

Full document details: EEMUA 213-2012


http://www.avadocuments.com/doc/eemua-213-2012
http://www.avadocuments.com/doc/eemua-213-2012

EEMUA 213 - Emission reduction from oil storage tanks and loading operations © EEMUA

More than 100 years later, this type of storage tank is still being designed and
constructed - which is an indication of the fact that when operated within its
design limits, this type of tank is reliable. However, one of the disadvantages of
this type of tank is its major contribution to emissions of hydro-carbons to the
atmosphere.

A vapour space exists above the liquid level of the stored product and during each
filling cycle, vapours will be pushed out of the tank through vent openings. Also
atmospheric temperature variations - e.g. the difference in temperature between
day and night or warming up of the tank by solar radiation, for instance, after a
rain shower - create an expansion of the vapours inside the tank, which cause
vapours to be relieved from the tank, Figure 33.

OVERPRESS VACUUM
VAPOUR AR
LT/ )
7 N
FILLING Iﬂf\ } \L DISCHARGE
¥ '
VAPOUR AIR /\\J/j)
why vl AT
N\ W 777

7 7N
? %‘

| | |
A— — Lalatatatatatatatatatatotal

Figure 3 Vapour relief from a fixed roof tank
2.1.2 External Floating Roof Tanks

At the beginning of the twentieth century, a number of tank fires occurred.
Flammable vapours escaping from roof vents would sometimes find sources of
ignition. As these vents had large diameters, the resultant vapour velocities were
low. The flames arising from the ignition of these vapours were then able to
overcome the flow velocity present in the roof vent and enter the tank interior -
causing secondary fires and explosions of the material inside.

The installation of pressure/vacuum relief devices introduces a build-up of
positive pressure inside the tank before the vent opens. This increases the
velocity of the vapours when they are eventually released from the vent, to
speeds in excess of flame propagation. So if the vapours were now able to find a
source of ignition, they would not be able to overcome the flow velocity in the
roof vent and are thereby prevented from entering the tank interior. Prevailing
emission levels are reduced by these pressure-vacuum devices, but only slightly.
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This is limited to ambient losses, rather than throughput losses.

In 1923 the first test was performed with an open top tank, Figure 44 (a tank
without a fixed roof) in which a floating roof was constructed.

Figure 4 Tests with an external floating roof in 1923 by CB&I (Houston)

In this tank the floating roof covered the whole liquid surface. At that time it was
estimated this was realising a reduction of hydrocarbon emissions from
approximately 3% of the total tank content/year for fixed roof tanks, to
approximately 0.5% of the total tank content/year for tanks equipped with
floating roofs.

The covering of the liquid surface was a major step in preventing emissions by
reducing the evaporation process. This is enhanced by the weight of the floating
roof as well as by the entrapment characteristics of vapours beneath the floating
roof. However, evaporation of product may be initiated due to solar heat
radiation. This is an intended scenario as these types of floating roof should be
designed in such a way that the vapours will remain entrapped underneath the
roofs without letting them escape to the atmosphere (see Figure 5).

Note: this scenario should be catered for in the structural design and stress
analysis of the floating roofs.

This type of tank has a number of disadvantages such as increased maintenance
costs associated with the rim seal placed between the floating roof and the tank’s
shell, and to the drain system that allows the accumulated rain water to be
removed from the roof surface. Furthermore, since access to the floating roof is
limited by safety measures, when a roof is in a low position during the unloading
process, inspection of the roof plates, the bulk heads and the pontoons is
seriously hampered.

8 Documents

Document Sharing Hub

Full document details: EEMUA 213-2012


http://www.avadocuments.com/doc/eemua-213-2012
http://www.avadocuments.com/doc/eemua-213-2012

EEMUA 213 - Emission reduction from oil storage tanks and loading operations © EEMUA

Trapped Vapor

Trapped Vapor
/

Figure 5 Schematic idea of prevention of emissions
2.1.3 Combined-tanks

Since 1980 a development was introduced that combined the advantages of both
types of storage tank (fixed as well as floating roof tanks) by eliminating climate
influence. The ‘Combined-tank’ was born. A ‘Combined-tank’is a storage tank
equipped with a fixed roof and an internal floating roof is placed on the liquid
surface. The same description is valid for an external floating roof tank, where an
aluminium dome is placed on the top of the tank covering the floating roof.

Above the internal floating roof the vapour space is eliminated, allowing emissions
levels to become much lower in comparison with both other types of storage
tanks. Further advantages are:

e The wind induced movements of the floating roofs are eliminated which
prevents emissions through initiated gaps between the tank shell and the
rim seal (see Figure 66).

S LEAKING SEAL DUE
il . T0 DRIFTED ROOF
L
7
GAP

Figure 6 Schematic sketch showing wind drag and initiation of a rim seal
gap in a non-covered floating roof tank
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e The elimination of wind circulation in the tank (prevention of turbulence)
reducing the diffusion process of hydrocarbon vapours.

e Rain water accumulation on the internal floating roof which in turn
eliminates the need to install roof drain systems.

e Solar heat radiation is reflected by the aluminium dome surface, which
caters for an average lower temperature within the tank of approximately
10-15°C.

Using materials other than carbon steel for internal floating roofs results in less
degradation by corrosion and other chemical attacks due to the product
characteristics. This impacts the inspection regime and minimises maintenance
costs.

2.2 Tank Selection

Within the petrochemical industry it was common practice to use floating roof
tanks for storing products having vapour pressures between 1:5 psia (103 mbara)
and 11-1 psia (765 mbara). Products having lower vapour pressures than 1-5
psia (103 mbara) were stored in tanks with fixed roofs, whereas products having
vapour pressures exceeding 11-1 psia (765 mbara) were stored in pressure
vessels or spheres or in refrigerated or cryogenic storage tanks. However, in
order to accommodate the storage of gasolines that are blended with ethanol the
limit of 11-1 psia (765 mbara) for floating roofs was upgraded to 12-5 psia (862
mbara). That increase required the introduction of additional measures and risk
control studies. For these high vapour pressures, specific design and operational
changes to tank components are required.

Possible scenarios to mitigate risks of fires and to enhance safety of personnel
are:

e The use of bronze wheels on the rolling ladder and bronze rollers along the
guide pole.

e The installation of seals over openings on landing legs and over openings
in the stilling wheels/guide poles.

e The installation of additional shunts on the rim seals.

e The decrease of rising and lowering speeds of the floating roofs in order to
limit the building up of differential potentials.

e Limiting/denying access to the floating roofs since product gasses or
dangerous vapour/air mixtures may develop above the floating roof when
it's deeper than 1.3 m below the top curb angle of the tank shell.

e The installation of pressure/vacuum relief vents on the inner membrane in
order to prevent the build-up of excessive gas pressures (see also Figure
77 showing the EEMUA advice for the selection of a suitable tank system,
depending on the TVP of a product).

10 Documents

Document Sharing Hub

Full document details: EEMUA 213-2012


http://www.avadocuments.com/doc/eemua-213-2012
http://www.avadocuments.com/doc/eemua-213-2012

EEMUA 213 - Emission reduction from oil storage tanks and loading operations © EEMUA

Patrochamical
product stored

Pressurised storage
or
Refrigeraled slorege

FXT tanks and PY vales
{low press. or high prass.
FXT tanks only)

Special
réquiremants
Walid re: Flashpeinl
Touic, Smell or Oxygen
Initiated
palymerization
passible?

Nz
Blankeling
raguired?

.

Fixed Roof Free vented (Non
press, FXT tanks only),
Class 3 or Class 4 Praducts anly
F
1

3

masuras bo reduoe
EMS5i0NS réquired

L3
Blanketing
raquired?
1

Diametar
=< 20m

Balancing system
avzilable?

r

r

Fixed tanks and PV valves
(Low press. And High press Fixed roof Tanks + IFC
FXT Tanks) [nan press, TFAT tanks)
Fixed roof { + 1FC optional)
and PV valves
Low press. and high press.
1n hat dimaces: i (1 FXT tanks enly
possibla, usa * ¥ blanketing
sunscresns or maling required?
of product i)
In hot chimakes: if
N possible, Usa
2 Sungcreens or cooling
et of product
hd
TWP=525 mbar l
M
v v
[e] ng roal tanks IXes o tanks wil - i o
H?g:g.,."’mmn,:‘:;"" Floating raaf tank: Fixed roof tanks with [FC ,‘an:' ﬁﬁk;__c
EFAT tanks u-Dome +
1§ i [Man press. TFXT tanks) Tl

Double deck roofs

Double deck roofs
Special fealures and
Risk Assassment

Single dack roofs WHEn STMOSphere anave IFC
Jand %) can, for a prolonged period,
become batwesn LEL and HEL

| only consider reofs with 3
wenls (Low press. and high

'y

press.
Tanks ondy) *)

1) The function of N2 blanketing is to prevent:
- product shall not be in contact with oxygen
= Mo explosive mixture shall be in tanks
- No moisture in product allowed
- Reduce corossion
Mitrogen blanketing will NOT reduce evaporation of product!

2) The free vented tanks would be satisfying, however, If existing tank is a higher class (Low press, of High press. tanks) the
tank can be operated in that class as well, providing the surrounding facilities (bund wall, fire prevention, -detection
and - extinguishing systems) are available and adequate.

3) Tanks subject to strong winds =32 mys and with a diameter < 50 m: single deck roof and with a diameter > 50 m: double
deck roofs and tanks with diameter < 15 m always double deck roofs.

4)  Depends on maximum allowed ballooning of inner-membrane of floating roof and on rim seal type/quality/gas tightness
ete.

5) Risk Assessment to consider access on roof, firg/explosion prevention measures etc.

6) Depends on the type and efficiency of installed IFC (See Dutch PGS 29 code).

Figure 7 Selection of storage tank type based on emission best efficiency
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3. Emission Reduction at the Source

3.1 Introduction

Only limited literature exists that deals with the determination of the loss of
hydrocarbons through emission from storage tanks. The theory used worldwide
was developed by the American Petroleum Institution (API) and has been
published in their publication: Manual of Petroleum Measurement Standards,
Chapter 19, Section 1 - Evaporative Loss from Fixed Roof Tanks*. This
Publication was previously issued under its own API-number, API 2518
Evaporative Loss from Fixed Roof Tanks®.

More recently, the Dutch government funded a study known as the KWS 2000
project, which focused on emission control from storage tanks. TNO
(Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek -
Netherlands Organization for Applied Scientific Research) in close co-operation
with companies from the petrochemical industry performed a study into the
validity of the API measurement method and developed formulae and equations.
It was concluded from the research® that, based on the applied measuring
method, the formulae and equations could lead to relatively sound assessments
of emission levels even though they were only based on a limited humber of
measurements and on only one type of internal floating roof i.e. a non-contact
floating roof with relatively small dimensions. The API-formulae do not
differentiate between the efficiency on emission control of the various types of
internal floating roof available on the market. The only differentiation that is used
is whether roofs are seamless or not.

The KWS 2000 research study developed a standard measurement method and
DOW Chemicals in Terneuzen et al, performed many measurements on tanks with
different types of internal floating roofs and which were equipped with different
types of rim seals. Based on these measurements a differentiation could be made
between the two main types of internal floating roofs. TNO was able to verify, to
assess the validity and to amend, the various API formulae and equations.

The TNO/DOW results were firstly published in the report produced by the Air
Directorate of the Dutch Ministry of Housing, Physical Planning and Environment
(VROM)®, In 2003 a new report was issued by VROM® in which almost identical
formulae and equations to those produced by TNO within the KWS 2000 project
were used.

Within the frame work of BAT1 and the development of the BREF Reference
Document on Emissions from Storage Tanks!”, the study group TETSP (Technical
European Tank Storage Platform)® published results of VOC emission calculations
using various techniques that contribute to emission control from storage tanks.
Within this BREF only the results of the emission reduction calculations of internal
floating roofs are published, which are calculated using the EPA Tanks 4.0
software which is fully based on the theory of the API.

! The European Integrated Pollution Prevention and Control (IPPC) Bureau was set up to organise an
exchange of information between European Union Member States and industry on Best Available
Techniques (BAT), associated monitoring and developments in them. The European IPPC Bureau
produces reference documents on Best Available Techniques, called BREFs. BREFs are the main
reference documents used by competent authorities in Member States when issuing operating permits
for the installations that represent a significant pollution potential in Europe.
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3.2 Emission Sources

Actual and calculated (theoretical) emission levels are depending on, amongst
other characteristics, design of the storage tank, product physical parameters,
storage conditions and tank operations.

Parameters that contribute to emissions of VOCs are:

e Design of tanks:
— Type of internal/external floating roof.
— Seams in roof panels (welded, bolted, laminated, etc.).
— Number and features of penetrations in floating roof.
— Type of rim seal (vapour mounted, liquid mounted, mechanical
shoe seal).
— Type of fixed roof (aluminium dome, steel roof).
— Colour of shell, roof, etc.
— Connecting tank to vapour balancing system.

e Physical product parameters:
— True vapour pressure.

e Storage conditions:
— Storage temperature.
- Wind factor.

e Tank operations:
— Landings of floating roofs.
— Velocity of product movements.
— Mixing operations.

3.2.1 Design of Tanks
3.2.1.1 Internal Floating Roof

Internal floating roofs can be constructed from different materials, such as,
carbon steel, stainless steel, aluminium, and thermo-plastic. The majority of the
roofs made from these materials are full contact floating roofs. Aluminium
floating roofs can also be of the non-contact type as shown in Figure 88.

Although the initial API study‘® did not show significant efficiency differences
between the non-contact and full-contact internal floating roofs, the Dutch KWS
2000 studies came to a different conclusion.

The Dutch research was performed on tanks where degradation mechanisms were
present. It resulted in, amongst other items, a graph that shows the differences
in the efficiency on emission reduction between internal floating roofs of the ‘non-
contact’ type and of the ‘full-contact’ type. This Graph is shown as Figure 99.

The measurements that resulted in this graph were performed as follows:
e The first measurement was done immediately after initial filling of the
tank.

e The following measurements were performed after a number of hours in a
stand-still situation.
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Full-contact Internal Floating Cover Non-contact Internal Floating Cover
(with tubular floaters)

Figure 8 Different types of internal floating roof
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A= *Non-contact’ internal floating roof, with seams, equipped with a vapour mounted seal.
B = ‘Full-contact’ internal floating roof, with seams, equipped with a vapour mounted seal.
C= ‘Full-contact’ internal floating roof, without seams, equipped with a mechanical shoe seal.
D= ‘Non-contact’ internal floating roof, without seams, equipped with a mechanical shoe seal.

Figure 9 Efficiencies of different types of internal floating roofs, equipped
with different types of rim seals

Initially, it seems that the differences in reduction efficiency between the two
types of internal floating roofs are not that great but it appeared that the non-
contact types were dramatically less efficient.

The ambiguity of the results of the non-contact roofs is most likely caused by
deformations in the roofs and the loss of vapour tightness of the deteriorating
seams between the panels. These roofs have a structural integrity that is less
than those with welded or laminated seems.

The aforementioned VROM reports®)® appoint a factor to the number and type of

seams in floating roofs. This factor, Ky, has a value of 0.34 in the API formulae
(seams contribute only 34% to the leakage rates, dependent on the number of
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