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PREFACE

DEP (Design and Engineering Practice) publications reflect the views, at the time of publication, of Shell Global Solutions
International B.V. (Shell GSI) and, in some cases, of other Shell Companies.

These views are based on the experience acquired during involvement with the design, construction, operation and
maintenance of processing units and facilities. Where deemed appropriate DEPs are based on, or reference international,
regional, national and industry standards.

The objective is to set the standard for good design and engineering practice to be applied by Shell companies in oil and
gas production, oil refining, gas handling, gasification, chemical processing, or any other such facility, and thereby to help
achieve maximum technical and economic benefit from standardization.

The information set forth in these publications is provided to Shell companies for their consideration and decision to
implement. This is of particular importance where DEPs may not cover every requirement or diversity of condition at each
locality. The system of DEPs is expected to be sufficiently flexible to allow individual Operating Units to adapt the
information set forth in DEPSs to their own environment and requirements.

When Contractors or Manufacturers/Suppliers use DEPs, they shall be solely responsible for such use, including the
quality of their work and the attainment of the required design and engineering standards. In particular, for those
requirements not specifically covered, the Principal will typically expect them to follow those design and engineering
practices that will achieve at least the same level of integrity as reflected in the DEPs. If in doubt, the Contractor or
Manufacturer/Supplier shall, without detracting from his own responsibility, consult the Principal.

The right to obtain and to use DEPs is restricted, and is typically granted by Shell GSI (and in some cases by other Shell
Companies) under a Service Agreement or a License Agreement. This right is granted primarily to Shell companies and
other companies receiving technical advice and services from Shell GSI or another Shell Company. Consequently, three
categories of users of DEPs can be distinguished:

1) Operating Units having a Service Agreement with Shell GSI or another Shell Company. The use of DEPs by these
Operating Units is subject in all respects to the terms and conditions of the relevant Service Agreement.

2) Other parties who are authorised to use DEPS subject to appropriate contractual arrangements (whether as part of
a Service Agreement or otherwise).

3) Contractors/subcontractors and Manufacturers/Suppliers under a contract with users referred to under 1) or 2)
which requires that tenders for projects, materials supplied or - generally - work performed on behalf of the said
users comply with the relevant standards.

Subject to any particular terms and conditions as may be set forth in specific agreements with users, Shell GSI disclaims
any liability of whatsoever nature for any damage (including injury or death) suffered by any company or person
whomsoever as a result of or in connection with the use, application or implementation of any DEP, combination of DEPs
or any part thereof, even if it is wholly or partly caused by negligence on the part of Shell GSI or other Shell Company. The
benefit of this disclaimer shall inure in all respects to Shell GSI and/or any Shell Company, or companies affiliated to these
companies, that may issue DEPs or advise or require the use of DEPs.

Without prejudice to any specific terms in respect of confidentiality under relevant contractual arrangements, DEPs shall
not, without the prior written consent of Shell GSI, be disclosed by users to any company or person whomsoever and the
DEPs shall be used exclusively for the purpose for which they have been provided to the user. They shall be returned after
use, including any copies which shall only be made by users with the express prior written consent of Shell GSI. The
copyright of DEPs vests in Shell Group of companies. Users shall arrange for DEPs to be held in safe custody and Shell
GSI may at any time require information satisfactory to them in order to ascertain how users implement this requirement.

All administrative queries should be directed to the DEP Administrator in Shell GSI.
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1. INTRODUCTION

1.1 SCOPE

This DEP specifies requirements and gives recommendations for the layout, location,
safety and operability aspects of above-ground and mounded storage of LPG in pressure
vessels in processing facilities (e.g., in bulk storage facilities at Upstream gas and gas to
liquid plants, Manufacturing refineries and Chemicals sites). Excluded from this DEP are
facilities at terminals, bottling plants, customer sites and retail sites. Also excluded from this
DEP are LPG vessels inside the battery limits of process units. LPG includes commercial
propane, commercial butane and mixtures thereof.

Also excluded from the scope of this DEP is the storage of pressurised pentane; for this,
the Principal should be consulted.

This DEP contains mandatory requirements to mitigate process safety risks in accordance
with Design Engineering Manual (DEM) 1 — Application of Technical Standards.

This is a revision of the DEP of the same number dated February 2013; see (1.5) regarding
the changes.

1.2 DISTRIBUTION, INTENDED USE AND REGULATORY CONSIDERATIONS

Unless otherwise authorised by Shell GSlI, the distribution of this DEP is confined to Shell
companies and, where necessary, to Contractors and Manufacturers/Suppliers nominated
by them. Any authorised access to DEPs does not for that reason constitute an
authorization to any documents, data or information to which the DEPs may refer.

This DEP is intended for use in facilities related to oil and gas production, gas handling, oil
refining, chemical processing and gasification. This DEP may also be applied in other
similar facilities.

When DEPs are applied, a Management of Change (MOC) process shall be implemented;
this is of particular importance when existing facilities are to be modified.

If national and/or local regulations exist in which some of the requirements could be more
stringent than in this DEP, the Contractor shall determine by careful scrutiny which of the
requirements are the more stringent and which combination of requirements will be
acceptable with regards to the safety, environmental, economic and legal aspects. In all
cases the Contractor shall inform the Principal of any deviation from the requirements of
this DEP which is considered to be necessary in order to comply with national and/or local
regulations. The Principal may then negotiate with the Authorities concerned, the objective
being to obtain agreement to follow this DEP as closely as possible.

1.3 DEFINITIONS

1.3.1 General definitions

The Contractor is the party that carries out all or part of the design, engineering,
procurement, construction, commissioning or management of a project or operation of a
facility. The Principal may undertake all or part of the duties of the Contractor.

The Manufacturer/Supplier is the party that manufactures or supplies equipment and
services to perform the duties specified by the Contractor.

The Principal is the party that initiates the project and ultimately pays for it. The Principal
may also include an agent or consultant authorised to act for, and on behalf of, the
Principal.

The word shall indicates a requirement.
The capitalised term SHALL [PS] indicates a process safety requirement.

The word should indicates a recommendation.
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1.4 CROSS-REFERENCES

Where cross-references to other parts of this DEP are made, the referenced section or
clause number is shown in brackets (). Other documents referenced by this DEP are listed
in (6).

15 SUMMARY OF MAIN CHANGES

This DEP is a revision of the DEP of the same number dated February 2013. The following
are the main, non-editorial changes:

Section/Clause | Change
3.1.2 Corrected the section number referred to in DEP 80.00.10.11-Gen.

3.3.2 Added alternatives for glass level gauges that may be used.

1.6 COMMENTS ON THIS DEP

Comments on this DEP may be submitted to the Administrator using one of the following
options:

Shell DEPs Online Enter the Shell DEPs Online system at
https://www.shelldeps.com

(Users with access to
Shell DEPs Online) Select a DEP and then go to the details screen for
that DEP.

Click on the “Give feedback” link, fill in the online
form and submit.

DEP Feedback System Enter comments directly in the DEP Feedback

(Users with access to System which is accessible from the Technical

Shell Wide Web) Standards Portal http://sww.shell.com/standards.
Select “Submit DEP Feedback”, fill in the online form
and submit.

DEP Standard Form Use DEP Standard Form 00.00.05.80-Gen. to record

(Other users) feedback and email the form to the Administrator at

standards@shell.com.

Feedback that has been registered in the DEP Feedback System by using one of the above
options will be reviewed by the DEP Custodian for potential improvements to the DEP.

1.7 DUAL UNITS

This DEP contains both the International System (SI) units, as well as the corresponding
US Customary (USC) units, which are given following the SI units in brackets. When
agreed by the Principal, the indicated USC values/units may be used.
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TYPES OF STORAGE VESSEL

LPG under pressure and ambient temperatures can be stored in two different types of
vessels:

e Above ground storage vessels (spheres, bullets)
e Covered storage vessels (mounded or submerged storage)

Mounded storage may provide additional safety compared with above ground storage. For
instance, the occurrence of a BLEVE (boiling liquid expanding vapour explosion) is virtually
impossible. However, the design aspects of mounded storage projects are in general more
complicated that those for above ground spheres or bullets. Particular attention should be
given on settlement issues as well as the corrosion protection. Reference is made to
EEMUA 190, Chapter 3. Furthermore, as indicated in the flow chart of storage vessel
selection, above ground storage installations require adequate flare capacity, sufficient
drainage systems, and extended fire protection systems.

A flow chart for storage vessel selection is provided below:

Pressurized Storage for
Propane, Butane or
mixture of Propane/

Butane

Above ground
storage is allowed by
national legislatio

Site available for
adequate separation/
safety distances

Capacity of flare,
drainage, fire protection
can be expanded

Above ground Covered storage
storage < )

Full document details: SHELL 30.06.10.12 0
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3. ABOVE-GROUND BULK STORAGE OF LPG IN PRESSURE VESSELS

3.1 LAYOUT AND LOCATION
3.11 General

Layout and selection of location shall be in accordance with DEP 80.00.10.11-Gen.
3.1.2 Safety distances

Distances for initial layout studies shall be verified by a fire safety/risk assessment on a
case-by-case basis for credible accident scenarios.

The following factors shall be reviewed for determination of a safe distance.
3.1.2.1 Vessel capacity
Refer to DEP 80.00.10.11-Gen., Section 4.2.
3.1.2.2 Radiation flux levels
Refer to DEP 80.00.10.11-Gen., Section 4.12.
3.1.2.3 Leakage
Refer to DEP 80.00.10.11-Gen., Section 4.2.
3.1.2.4 Natural phenomena

Local rules shall be applied to safeguard against natural phenomena, such as, lightning,
earthquakes, flooding, cyclones and hurricanes.

3.1.2.5 Safety distances for above-ground pressurised LPG storage facilities vessels
Refer to DEP 80.00.10.11-Gen. Section 4.2.

3.1.2.6 Relief valve fire
Refer to DEP 80.00.10.11-Gen. Section 4.2.

3.1.3 Piping

Only piping directly associated with the storage vessels shall be located within the storage
area. Refer to (3.2.4), Figure 3 and Figure 4.

If the risk assessment indicates a need for active or passive fire protection for piping, it shall
be in accordance with DEP 80.47.10.30-Gen. Section 3.3.10.

3.14 Grading and ground finish

Spills shall be drained away from equipment as quickly as possible, to ensure that escaped
product cannot collect under vessels or remain in their immediate vicinity. To facilitate the
flow of escaped product and prevent its penetration into the soil, the ground shall be
finished with concrete paving sloping towards the perimeter drain channels.

For further information, refer to DEP 34.14.20.31-Gen., Section 2.8.

For storage vessels in dedicated LPG service, always having an adiabatic flash fraction
larger than 0.1 (the fraction on a mole base going to vapour when flashed from process
conditions to 1 bar (abs), (14.5 psi)) together with a resulting adiabatic flash temperature of
20 °C (68 °F), or more, below the lowest ambient temperature. The concrete paving
together with the perimeter drain channels can be omitted. The content of the vessel will
vaporise sufficiently without a danger of a pool fire. Omission of the sloping floor and the
liquid collecting trench should, therefore, be considered. Refer to DEP 80.47.10.30-Gen.,
Section 6.5.1.

3.15 Separation between the vessel and the pipe manifold

There shall be a positive separation/deflection, e.g., a wall of 0.6 m (2 ft) maximum height,
between the storage vessels and the pipe manifold/track to prevent the flow of any leakage
from one to the other. Deflection walls may be considered between vessels to prevent
product escape from one vessel from flowing under another (see Figure 1).
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Confinement

Bund walls interfere with the ventilation of the site and impede the vaporisation/dispersion
of escaped products and shall not be used.

Surface drainage

Surface drainage shall be in accordance with DEP 34.14.20.31-Gen.

VESSELS
Types of vessels
Pressure vessels for above ground storage of LPG shall be one of the following types:
e Horizontal cylindrical vessels
e Vertical cylindrical vessels
e Spherical vessels
Applicable codes
LPG storage vessels shall comply with one of the following DEP Specifications:
e EN 12542 (vessels < 13 m* (1236 ft%))
e DEP 31.22.00.31-Gen.

Unless otherwise specified by the Principal, the Manufacturer shall be responsible for
obtaining the required certificates of acceptance for the storage vessels from the
appropriate authorities.

Design temperature and pressure

3.2.3.1 Maximum Operating Temperature (MOT)

The MOT is the highest temperature attained by the commercial product in the storage
vessel under normal operating conditions. The MOT s, therefore, the maximum
temperature on receipt into storage or the assessed temperature for the relevant climate,
whichever is the higher.

The assessed temperatures are 35°C (95°F), 40°C (104 °F) and 45°C (113 °F) for
temperate, tropical and desert climates, respectively. If assessed temperatures have been
established by local regulations or by the design code specified by the Principal, then these
shall be used for design purposes.

3.2.3.2 Maximum Operating Pressure (MOP)

The MOP is the vapour pressure of the commercial product concerned (refer to Table 1)
corresponding to the MOT.

3.2.3.3 Design Pressure (DP)

The DP shall be as per DEP 01.00.01.30-Gen. The DP is defined for the top of the vessel,
hence, the maximum liquid static head shall be taken into account to determine
sizing/strength of the lower parts of the vessel.

The use of a vapour return line and/or top spray filling (refer to (3.2.4.6)) is recommended
as a means of limiting excessive back-pressure build-up in vessels during the filling
operation. Vapour return systems also prevent vacuum from developing during discharge. If
such systems are not used, then the DP should be checked to ensure that the back-
pressures generated when filling are adequately covered, in order to avoid product loss
through spurious relief.

The relationship between temperature and vapour pressure of commercial propane,
commercial butane and propane/butane mixtures is shown in Figure 2.
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3.2.3.4 Upper Design Temperature (UDT)

The UDT is the temperature corresponding to the DP. More information on the definition is
given in DEP 01.00.01.30-Gen.

3.2.3.5 Lower Design Temperature (LDT)

Lower Design Temperature (LDT) is the lowest temperature at which equipment may be
subject to its design pressure. DEP 30.10.02.31-Gen., Section 1.3.2 and Section 4.2 and
DEP 01.00.01.30-Gen. shall apply. These DEPs shall also be referred to with respect to the
allowable maximum pressure at low temperatures.

3.2.3.6  Minimum Metal Temperature (MMT)

Minimum Metal Temperature (MMT) is the lowest temperature that equipment may possibly
attain; MMT is further described in DEP 30.10.02.31-Gen. Section 4.1. This temperature is
not related to its design pressure conditions (as LDT does).

3.2.3.7 Vacuum conditions (external pressure)

Provisions to cope with vacuum conditions are required where ambient temperatures can
be expected to fall below the Atmospheric Boiling Point (ABP) of the commercial product
stored, or where very high liquid withdrawal rates are applied without an adequate vapour
return system. In these cases, which normally only apply to butane storage, vessels
SHALL [PS] be designed for full vacuum.

Table 2 provides details of the pressure in a vessel containing pure n-butane at low
temperatures, which shall be included in the design.

3.24 Connections

3.24.1 General
The number of nozzles on vessels, particularly below the liquid level, shall be minimised.
Nozzle flanges shall be in accordance with ASME B16.5.

Nozzles to which product transfer piping, product drains and pressure relief systems are
connected shall be at least DN 50 (NPS 2).

Flanges in piping under vessels shall be avoided for safety reasons (flame impingement in
the event of fire).

3.2.4.2 Bottom connections
For details, see Figure 3.

There shall be only one bottom connection, which may be used for filling, withdrawal and
draining. The connecting pipe SHALL [PS] be welded and not flanged to this nozzle. The
vessel nozzle shall include this pipe and shall terminate at the weld between the nozzle and
the first valve. All joints in this bottom pipe, up to and including, the first valve (ESD valve)
SHALL [PS] be welded and fully radiographed. The minimum size of the bottom pipe shall
be DN 100 (NPS 4). The pipe thickness shall be as determined by the pressure vessel
code but shall be not less than Schedule 80 or, for pipes larger than DN 100 (NPS 4),
Schedule 40. Due to the fact that the pipeline is welded, it may be more vulnerable to
mechanical damage during engineering work.

The product line:

¢ shall be as short as possible and sloping downwards from the vessel to the pump
suction;

o shall be provided with a water drain system upstream of the operational valve(s) (but
downstream of the ESD valve, see Figure 3) at the manifold (refer to (3.2.4.3);

e SHALL [PS] be provided with an ESD valve (refer to (3.4.2)).

This ESD valve SHALL [PS] be welded to the upstream side of the product line and located
downstream of the separation/deflection wall.
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Only in locations subjected to moderate/severe earthquake conditions (refer to
DEP 34.00.01.30-Gen., Section 3.13) or where local regulations dictate, shall the ESD
valve be internally mounted. In this case (refer to Figure 4), the product line SHALL [PS] be:

e provided with a shut-off valve directly downstream of the ESD valve. This shut-off
valve may be fitted with an actuator and be remotely controlled, but should also be
capable of being manually operated.

e provided with a flanged tee, to accommodate an elbow between it and a DN 50
(NPS 2) valve to provide a bypass in case of malfunction of the internal ESD valve to
allow emptying of the vessel.

NOTE: It is recommended to have the by-pass installed fully welded with the by-pass valve in the
locked closed position (to be approved by local Authorities).

o fire-insulated at all flanges immediately beneath the vessel. It is however
recommended to install the bypass permanently by using a welded connection with a
locked valve (to be approved by Authorities) see Figure 4.

3.2.4.3 Drain system

A drain connection shall be provided for each storage vessel and shall consist of a nozzle
not larger than DN 50 (NPS 3) (schedule 80) welded to the bottom line (see Figure 3 and
Figure 5), to which a fire-safe ball valve not larger than DN 50 (NPS 2) (upstream drain
valve), shall be connected.

The drain system SHALL [PS] meet the following requirements;

¢ Have two manual shut-off ball valves separated by at least 600 mm (2 ft) of
adequately supported piping with a slope towards the drainage direction to ensure
that both valves are never simultaneously blocked open by ice. In fact, the separation
is so that if flashing of LPG at the second valve freezes, the valve in the open position
is far enough away that it is still operable and can operate the drain.

e The two drain valves shall be positioned so that a single operator can operate both
valves simultaneously.

e The downstream drain valve shall be a DN 20 (NPS 3/4), quick-acting, spring-loaded
type (spring-to-close) valve, which will operate as a dead man's handle.

e The discharge point shall be lined up to flare or a vent in a safe location via a knock
out vessel. The size of the knock out vessel is to be determined by the rate of draining
and the volume of the piping contents between the bottom of the storage vessel and
the drain connection.

Knockout drums and associated equipment shall be designed in accordance with
DEP 80.45.10.10-Gen., Section 4. Additional details on separation equipment may be
found in DEP 31.22.05.11-Gen.

A vent to atmosphere may be considered only if there are no flare facilities or if a
connection to flare would be impractical due to long distances. A risk assessment and
dispersion analysis shall be carried out in order to determine if the use of a vent to
atmosphere is acceptable. In this case, a DN 20 (NPS 3/4) pipe shall follow the
downstream drain valve into a small separator vessel with discharge to atmosphere at a
safe location (more information is given in DEP 80.45.10.10-Gen., Section 3.1.4. The
discharge point shall always be in a freely ventilated area outside the periphery of the
vessel. The equipment shall, in accordance with DEP 80.45.10.10-Gen. and
DEP 31.22.05.11-Gen., be reviewed for sizing requirements as well.

The water drained from the vessel shall be routed/collected at a safe location.

At locations where freezing can occur, the drain valves, separator/knockout vessel and
lines shall be adequately protected against freezing. The tracing shall not be welded to the
product drain line.
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3.2.4.4 Top connections
The nozzles of all top connections shall be above the maximum liquid level.
i. Pipe connections

Liquid and vapour lines terminating in the vapour space should be flange connected
to a nozzle at the top of the vessel. Liquid fill connections shall be provided with a
remotely operated non-return valve directly connected to the vessel nozzle and a
close coupled fire-safe shut-off valve preferably of the remotely operated type. If flow
may be bi-directional, the vapour connection shall be fitted with a remotely operated
fire-safe shut-off valve. Back flow protection shall be in accordance with
DEP 80.45.10.11-Gen., Section 2.11.3.

To prevent the release of liquid in the event of a pipe leak, the internal pipe shall not
extend below the maximum liquid level.

ii. Manhole

There should be only one (top mounted) manhole (minimum size DN 600 (NPS 24)
for above-ground vessels. For mounded vessels the manhole (top mounted) should
be in accordance with DEP 34.51.11.30-Gen. except in very long horizontal vessels
where two manholes may be required to facilitate access/escape for maintenance/
inspection personnel and improve gas freeing. The manhole cover should be used to
its maximum extent for the location of connections/fittings, e.g., instruments.

iii. Pressure Relief Valve (PRV) connection

PRVs shall be connected to the vapour space of the vessel. For further details refer
to (3.4.8).

3.2.4.5 Instrument connections

Connections for instruments shall, where practicable, be above the maximum liquid level of
the vessel to prevent the release of liquid in the event of a tubing leak. Instrument
connections should be located where impact damage and shearing off of the fittings are
unlikely to occur. A shut-off valve shall be installed for all instruments in open connection
with the vessel. Normal industry requirement is for all instrument connections to be no more
than 1.5 mm (0.05 in) bore.

3.2.4.6 Top spray filling system

Top spray filling is recommended as a means of limiting excessive back-pressure build-up
during the filling operation. Top spray filling will cause an intimate mixing of the incoming
liquid with the vapour present in the storage vessel resulting in an accelerated
condensation of the vapours.

The top spray filling system normally consists of a spray ring (for spheres) or straight pipe
(for cylindrical vessels) with a sizing which is normally one size less than the inlet piping to
the storage vessel, e.g., if the line to the storage vessel is 100 mm (4 in) diameter then the
spray ring would be 80 mm (3.2 in) diameter.

The pressure drop across the ring should be 1 bar (14.5 psi) maximum and 8 mm (0.32 in)
to 10 mm (0.39 in) diameter holes should be used to give a reasonable liquid distribution
with minimal risk of blocking due to rust. The pressure drop of 1 bar (14.5 psi) should be at
the maximum liquid flow rate. This would normally occur when LPG is being transferred
from one storage vessel to another by means of the loading pumps. As the LPG rundown
rate is normally lower than this transfer rate, the pressure drop will normally be
correspondingly lower.

The top spray ring/pipe should be located as close to the top of the storage vessel as
possible to avoid a significant reduction in vessel ullage. The holes should be angled
upwards in an arc of 120 degrees. The top spray ring/pipe shall be provided with sufficient
drain holes (6 mm (0.236 in) ID) to allow easy drainage of the LPG from the spray ring/pipe.

Care should be taken to ensure that the spray does not foul the level or temperature
gauges.
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