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Preface

As a part of the international project “DME as an automotive fuel”, sponsored by
IRAJ/AME and Noven: (NL), guidelines for DME distribution were considered.
The starting point for these guidelines were the LPG distribution guidelines as m
effect in the Netherlands.

The LPG guidelines consist of five specific sections 1.e:

1. Regulations for the design and construction of LPG service stations

2. Regulations for the management and operation of LPG service stations
3. Regulations for the design and construction of LPG road tank trucks

4, Regulations for the management and operation of L.PG road tank trucks
5. Regulations for LPG service stations and road tank trucks (appendices)

All sections have been analysed to see in how far the LPG guidelines may be ap-
plicable for DME. The main results of the analysis and the points of attention for
conversion per paragraph and section are given in this report. Additional to the
analysis the guidelines converted from LPG to DMI: are presented. It should be
kept in mind that the converted guidelines are draft guidelines which are not en-
dorsed by any authority.
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Main results of the analysis

The LPG guidelines for LPG service stations and road tank truck [1] are consid-
ered also to be applicable, for the major part, for DME. The LPG guidelines are
therefore analysed in order to see where and what the differences may be. The re-
suits of this analysis are given below.

From the analysis it can be concluded that the general differences are:

- Materials; DME attaches most elastomers. Therefore the materials of gas-
kets/seals and other equipment like hoses should be DMIE resistant.

—  Equipment; the properties of DME (poor viscosity and poor lubricity) compli-
cate the design of equipment like pumps and meters, etc.

—  Calculated distances it should be checked whether the ‘safety’ distances as
mentioned in {1} are also applicable to DME. The calculated distances for
LPG can be called conservative for DME.
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Points of attention for conversion of L.P( distribution
guidelines into DME distribution guidelines

Section 1 Repulations for the design and construction of LPG
sexvice stations

1. Introduction

Text should be made DME specific.

Z. Scope

Text should be made DMIE specific.
3. References

Text 1s atso applicable to DMI,
4, Definition of terms

A definition of DME should be mcluded.
The definition of LPG, propanc and butane can be removed.

A, Definition of a2 LPG service station

5.1 General

The DM properties should be added into appendix 1,
Due 1o evaporation DME expands to & 360 times its hquid volume (this data 1s
only of relevance in case of a release of DME, for example duc to a leakage).
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5.2 LPG storage facilities

The heat of combustion of propane and DMFE differs:

Propane: 24.1 MI/dm3 / DMIE: 19.0 MJ/dm3

This means that the energy contents of propane is 26.8 pereent higher than the
energy contents of DME. So 1f the availability of DMFE should be the same as
propane, the storage tank of DME should be larger (26.8%) or DMFE should be
delivered more frequently to the service stations.

5.3 LPG filling svstem

The maximum allowable level in a DME storage tank is 86% [M.Paas).

The wamning signal should be at such a level that there is enough time 1o stop
unioading before the 86% level 1s reached (set pre-afarm at 81 % 999).

Due to the very poor conductivity of DME the systerm should be grounded {the
same apphes o LPG but is not mentioned that specific).

Malke fitting unique to avold unloading of wrong substance.

5.4 LPG dispensing system

Text is also applicable (o DMIE.

5.5 Operation control and safety system
5.5.1 General
Text is also applicable to DME.
5.5.2 Electrical control system
Tex(1s also applicable 1o DMIE.
5.5.3 Operation
Text is also applicable to DME.
5.5.4 Automatic overfill protection and level control

The maximum filling degree for DME is 86 % (sce § 5.3).
A previous warning at 81% filling degree should be given (see § 5.3).
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5.5.5 Emergency-shutdown system
Text s also applcable to DME.
5.5.6 Valve contrel svstem
Text is also applicable to DME.

1t should be noted that no solenoids are used i a DME system (only materials
that are DME resistant should be used).

G. Location and lavout eriteria

6.1 Focation
It should be checked whether the safety distance of 80 meter 1s also applicable
to JOMI:.

6.2 {.ayout

—~  Text is also applicable to DMIE.

6.2.1 General
Texts also applicable to DME.

6.2.2 Minimum and maximum plot size

There is ne reason {0 change the requirement that all equipment s to be lo-
cated within a radius of 400 meier,

6.2.3 Accessibility of anciliaries

Textis also applicable to DMIL.

6.2.4 protection against collision
Text is also applicable to DME.

6.2.5 Fustalation of storage vessel(s) and pump(s)

Text 1s also applicable to DM,
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6.2.6 Tnstallation of dispensing column
Textis also applicable to DMIL
6.2.7 Buried piping and cables

Text is also applicable to DML

6.3 Minirnum on-plot distances

6.3.1 CGeneral

~ Textis also applicable to DMl

6.3.2 Distance to low-Iying places

~ Textis also applicable to DME.

6.3.3 Distances to prevent ignition of small quantities of escaped gas

The minimum distance of the filling point 1o buildings/dwelling on the site of
5 meter looks also reasonably to DME.

6.3.4 Distances in connection with protection of ebjects in case of escape
and/or fire or major quantities of LPG

it should be checked whether the minimum distance from the horizontal pro-
jection of the storage tank to a building or dwelhing belonging to the estab-
lishment of 15 meter is also applicable to DME (is ths distance based upon P-
182 or based on heat load calculations 7).

6.3.5  Distances to avoid damage to coating of LPG vessels
Text is also applicable to DME.

6.3.0 Location of LPG road tank trucks

Text is also applicable to DMIZ

6.4 Minimum distances to off-plot objects

It should be checked whether the minimum distances as mentioned in this
paragraph arc also applicable to DME.
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7.1

7.3

7.4

7.5

7.6

7.0.

7.6.

Requirements

Design codes and regulations

Text is also applicable to DML

Vessel volume
Text is also applicable to DMIE.
Seealso § 5.2,

Design and test pressure

Design pressure is approximately 11.5 barg.

& of41

The tank has to be designed for vacuum conditions (wintertime); determine

the vapour pressure of DMIE at -20°C.

Design texaperatures

oo
(42
(¢4
el
~J
3

Materiat

DME is incompatible with most elastomers. Therefore the material used

should be DME resistant.

Design

1 Nozzles, manholes, vent openings

Text is also applicable to DMIL.

2 Connections

The connections should be DME resistant.

Pump pressures are in the range of 12 - 30 bar [M.Paas] so the pipelines
should be resistant against a pressure of at least 30 barg.
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7.6.3 Flanges
The facing should be DMI resistant.
The flanges should be resistant against a pressure of at least 30 bar (see §
7.6.2).

7.6.4 Bolting

— It should be examined if the mentioned protection (coating) is DMIE resistant.
Tn case of a leakage of DM this coating could be attacked.

T7.6.5 Gaskets/seals

The seals should be gastight.
The used material should be DMI: resistant.

7.0.6 Supporting
----- Text is also applicable to DML,
7.6.7 Lifting lugs
----- Text is also applicable to DME,
7.6.8 Mame plate

—  The degree of filling for a storage vessel containing DME 15 85 % (see § 3.3).

7.7 Welding
7.7.1 General
Text is also applicable to DMIE.
7.2 Welding procedure qualification
~ Text is also applicable to DME.
7.7.3 Welders performance qualification fest

Text is also apphcable to DMIL
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7.7.4 Welding processes

Textis also apphicable to DME,

7.8 Weld inspection

Text 1s also appiicable to DME,

7.9 Hydrostatic pressure testing

—  The storage vessel shall be subjected to a hydrostatic pressure of 16.] barg
{see § 7.3},

7.10 External coating

~ In case of a leakage the external coating might be attacked. Therefore it is rec-
ommended to use a DME resistant coating.

7.11 Installation of vessel

Text 1s also applicable 1o DME.

8. Vessel appurtenances and LPG system ancillaries

8.1 General

A hist of anciilares for the DME system has to be made.

8.2 Valves
8.2.1 CGreneral
Check whether the mechanical properties are also applicable o the use of

IDMIE.
The material should be DM resistant (see § 5.7).
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8.2.2 Valves on LPG storage vessels

Text 1s also applicable to DMIZ.
8.2.3 Remote control vaive

The design pressure of the DME storage vessel is 11.5 barg.
8.2.4 Excess flow valves and check valves

It should bhe examined if the conditions whether or not to nstall a excess {low
valve or check valve are the same as for DMI.

~ The maxinun capacity of the excess {low rate in the vessel discharge should
be determined for DM,

8.2.5 Safety valves
The set pressure of the safety valve is 11.5 - (0.1 x 11.3) = 12.7 barg.
8.2.6 Pressure relief valves

—  From the text it is not ¢lear how the value of 29 barg is derived. In case the set
value of the pressure relief valves 1s the test pressure + 4 barg (for LPG: 25 +
4y than the set value for the DME system will be 20.1 barg (16.1 + 4). How-
ever, the pump pressure varies from 12 to 30 bar (see § 7.6.2). Therefore it
should be checked which set value should be used.

8.3 Level indication and overfill profection

The ullage valve should be placed at such a height that the maximum filhng
degree 1s 86%. (this level is based on the expansion coefficient of DMLE and a
certain temperature difference after filling, from -20 up to +50 °C)
It is assumed that a release of DME (colourless) will be noticed by a while
cloud resulting from evaporation of DMIZ.
DMIE is a colowrless gas with a slight ethereal odour.

-~ The overfill protection device should be activated when the levels reaching a
filling degree of 86%.
Furthermore a pre-alarm should be given mn casc of & Hlling degree of 81%.

8.4 Pressure and temperature indicators

Text 1s also apphicable to DM
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8.5 LPG dispensing pumps

8.5.1 General

The poor viscosity and poor Jubricity of DME complicates the design of dis-
pensing pumps (the viscosity of LPG s approximately 2 times the viscosity of
DME, tpye = & 0.1 ke/mes and gy 06 = + 0.2 kg/m.s)

The design of the piping should be 1 accordance with the maximum pump
pressure,

The equipment belonging to the pump (seals, connections) should be DM re-
sistant.

8.5.2 Submerged pumps

8.6

8.7

It should be noticed that CO, is highly soluble in DME and therefore CO,
should nrot be used for purging the system. Explosive reactions take place in
the presence of oxidisers, oxygen and peroxide. Therefore an adequate inert
gas should be used for purging and pressurising the system.

The maximum capacity of the excess flow rate in the vessel discharge should
be determined for DML (see alse § 8.2.4).

The seals of the pump shouid be gasught.

The equipment belonging to the pump (seals, connections) should be DME re-
sistant.

The electrical installation of the pump should be suitable for the temperature
range of - 20° up to 50 °C.

Dispensing coluinns

The hose should be DMIE resistant.

Determune the maximum possille pressure in the hose.

Determine the parameters of the excess flow valve based on a capacity of 10
kg vapour per minute.

Filling point assembly

The hose conmection for DME should be unique 1o avoid delivery of the wrong
product.

Due to the properties of DMz electrical grounding is required.

Check the maximumn gquantity of DMIZ that may be blown-off as a result of an
occasion and compare this amount with the maximum permissive quantity per
oeeaston.

A pre-alarmy should be mitiated at a {filling degree of 81%.
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Check whether the distance to the weatherproof control cabinet is also apph-
cable to DMIL

9. Requirements for LPG piping

. Text is also applicabie to DME.

9.1 Dresign codes and regulations

~  Text is also applicable to DME.

9.2 Pressures

Determine the maximum and test pressure for the DME system (see § 7.3).

9.3 Design temperatures

Text is also applicable to DME.

9.4 Material
The material used should be DME resistant.
9.4.1 Pipe
See also § 7.6.
9.4.2 Fittings
Secalse § 7.0
9.4.3 Flanges
----- See also § 7.0.3.
9.4.4 Bolting

Secalso § 7.0.4.
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9.4.5 Gaskets/seals

See also § 7.6.0.

9.5 Presign

- Select a corrosion protection which 1s DM resistant

9.6 Fabrication
9.6.1 Alignment

Cleaning should be performed in such a way that no subsiances will remain in
the equipment after cleaning.

9.6.2 Bevelling
Textis also apphicable to DMIE.
9.6.3 Welding spacing

-~ Text is also apphicable to DME.

9.7 Welding

8.7.1 General

- Seealso § 7.7

9.7.2 Welding procedure qualification
Secalso § 7.7

9.7.3 Welders perfermance gqualification test
Seealso § 7.7,

9.7.4 Welder identification

See also § 7.7,
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9.7.5 Welder processes

see also § 7.7,

9.8 Weld inspection

See also § 7.8,

9.9 Pressure testing

15 of 41

The test pressure for piping should be in accordance with the maximum pump

pressure.

9.10 Testing of insulated joints

Textis also applicable to DMIE.

9.11 Painting and coating

9.11.1  External coating of buried piping

----- It is advisable to use an extemal coating which 1s DME resistant.
9.11.2  Painting of above ground piping

Sec §9.11.2

9.12 Pickting

9.12.1 General instructions

Guarantee that ne substances remain in the equipment after nickling.

9.12.2  Pickling with hydrochloric acid
See §9.12.2
9.12.3  Pickling with sulphuric acid

See §9.12.3
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10. Electrical requirements
10.1 Fiazardous area classification

Text is also applicable to DME.

16.2 Area zoning

Text 1s also applicable to DM

10.3 Electrical equipment

Text is also applicable to DML,

10.4 Electrical appliances

— Text is also applicable to DME.

16.5 Hlamination

----- Text 1s also applicable to DMIL

10,6 Farthing

Cheek whether an carthing resistance of less than 1600 Ohm is sufficient.

16.7 Cathodic protection

Text is also applicable to DME.

11, Special safety measures

111 Safety signs

Text is alse applicable to DML
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11.2 Fire-fighting equipment

Text is also applicable to DML

11.3 Supervised seli-filling by custoiners

—~  Text is also applicable to DML

12. Civil work reguirements

12.1 Foundation of storage vessel

- Text is also applicable to DMI

12.2 Mound

—  Textis also applicable to DMI.

12.3 Underground installed vessel

Text is also applicable to DML,

12.4 Drainage

Text is also applicable to DME.

12.5 Fire resistance

Text is also applicable to DME.

13. Inspection and approvals

13.1 General procedure

Text is also applicable to DMI:.
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13.2 LPG storage vessels
13.2.3  Design supervision

Text is also applicable to DME.
13.2.2  Fabrication supervision
~  Textis also applicable to DME.
13.2.3  Shop testing, vessel acceptance

Text is also applicable to DMLE.
13.3 Vessel appurtenances and LPG system ancillaries

Text is also applicable to DML,
13.4 LPG piping systems
. Textis also applicable to DML,
13.5 ¥inal acceptance of the LPG station facilities
~ Textis also applicable to DME.
14. Qualification of contractors for work on LPG installations

Text is also applicable to DIME.
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Section 2:  Regulations for the management and operation of
LPG service stations

1. Introduction

Text has to be changed.

2. scope

Text has to be changed.

3. Definition of terms

Add the definifion of DME,
Delete the definitions of butane, propane and LPG

4, Product information

4.1 Propane, butane apd LPG

DME is produced from ‘syngas’(mixture of 1, CO and CO,)

Natural Gas - {steam, reformer) — ‘syngas’ - methanol syntheses —» DME
coal, oil residues, biomass —» passification - ‘syngas’ —» methanol syntheses
-~y PDME

4.2 Properties of LPG

boiling powmt: -24.8 °C;
vapour pressure (20°C): 5.1 bar;
expansion to 360 times its original liquid volume;
gaseous DML is 1.83 times heavier than air;
~ i should be checked whether a release of DME becomes a visible eloud.
DM has a shght ethereal odour;
ML is not corrosive;
[DMIZ attacks most clastomers;
DME 15 a poor conductor;
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5.8

DMIE has a poor fuel viscosity;
DMIE has a poor lubricity.

Management of the installation

Operating staff

Text is also applicable 1o DM,

Installation bool

Text is also applicable to 1Mz

Fxergency plan

Text is also applicable to DM

Wiedical first aid

Text is also apphcable to DMIE.

ADR product card

Text is also applicable to DMIZ.

Fire fighting equipment

Text is also applicable to DME:.

Storage vessel arca

Text is also applicable (o DMIZ.

Damage by plantation

Text1s also applicable to DMI:.

20 0l 41
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5.9 Position of remote-controlied valves

----- Text 1s also applicable to DME.

5.16 Degassing and ingassing of storage vessel

— Do notuse CO, for degassing.

5.1 Installation /dismounting of submerged purps

i

Textis also applicable to DML

42 Safe handling of LPG

[ 3]

~ O, should not be used for degassing.

210l 41

Exposure to skin or eyes can also cause irritation or dermatitis. If exposure 15
to the eyes it causes inflammation of the ocular mucous membranes. In addi-

tion contact with the vaporising liquid can cause frost bite.

513 Reporting of incidents

Text is also applicable to DMI.

1

. LPG deliveries to custoners

6.1 Restrictions concerning the deliveries

—  Textis also applicable to DMIL

6.2 Safety measures

Text1s also applicable to DMIE.

G.3 Supervised self~filling by customers

Text s also applicable to DME.
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6.4 Hiemination

- Textis also applicable to DML

7. LPG storage vessel filling

7.3 Reoad tank truck

Text s also applicable to DME.

7.2 Driver of the truck

Texiis also applicable to IIMIE,

7.3 Truck engine

Text is also applicable to DML

7.4 Artificial Hghting

Text is also applicable to DME.

7.5 Conunection of station’s and fruel’s control systems

Text is also applicable to DME.

7.6 Filling hoses

Text 1s also applicable to DME.

7.7 Filling procedure

Textis also apphicable to DM,
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8. Maintenance, repairs and inspections

8.1 Creneral

Textis also applicable to DML

8.2 Maintenance and repairs

Text 1s also applicable to DML,

3.3 Modifications

Text is also applicable to DMI.

8.4 Work permit

Check which amount of vapour shouid be involved in de-pressurising the in-
stallation before the measures concerned must be laid down i writing (work

permit).

8.5 Periodic inspections

-~ Text s also applicable to DML,
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Section 31 Regulations for the design and construction of LPG
road tank trucks

I. Introduction

Text has to be changed,

2. Scope

Text has to be changed.

3. References

Text is also applicable to DME.

4. Definition of terms
The definition of DME should be added.
The defimition of butane, propane and LIPG can be removed.
5. Description of a LPG road tank truck
5.1 General
Text1s also appheable to DMIE
5.2 The vessel
Textis also applicable to DME.
5.3 Unloading and {illing system

Text 1s also applicable to DMIE.
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5.4 Operation control

Text is also applicable to DMI

Additional safety measures

954
[¥31

Text is also apphicable o DMIL

6. General design requirements

6.1 Governing regulations

A Hst of requirements with regard to DME should be derived from the ADR.

6.2 Design fluid
The following information should be derived from ADR:

Class;
Itern no.

6.3 Carryving velticle

Text i1s also apphicable to DMI.

6.4 Mounting of vessel and piping on chassis

Text is also applicable to DML,

6.5 Fire fighting appliances

Text is also applicable to DMIE.

6.0 Labelling and marking

Text is also appheable to DML,
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7. Safety systems

7.1 Emergency shutdown systems

—  Textis also applicable to DME.

7.2 Thermal puenmatic plastic {ube

Text 15 also applicable to DML

7.3 Bonding

- Text is also applicable to DME.

7.4 Drive-off alarm

— Textis also applicable to DML,

8. Requirements for LPG vessels
8.1 Pesign codes and regulations

—  Textis also applicable to DML

8.7 Yessel volume

Text 1s also applicable to DMIZ

8.3 Degree of filling

ol 41

----- The maximum filhng degree of 86 % should be taken mto account [M Paas).

G4 Design pressure

The design pressure for vessels provided with sunshield 15 16 barg
The design pressure for vessels without provisions is 18 barg.
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8.5 Bydraulic test pressure

The hydraulic test pressure for vessels provided with sunshield is 16 barg
~  The hydraulic test pressure for vessels without provisions is 18 barg.
8.6 Design temperatures

Text 1s also applicable to DMIZ.

8.7 Material

Check the requirements with regard to DME i ADR

8.8 VYessel connections

8.8.1 General
Text is also applicable to DML
8.8.2 Required connections

~  Check whether the minimum restrictions as mentioned here are also applicable
to DML,

8.8.3 Location

Check whether the location of connections having a bore of more than 2 mm’
is also applicable to DME.

8.8.4 Size

~  Check whether the requirements with regard to the strength are also applicable
o DME.
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9. Vessel appurienances and LPG system anciliaries

9.1 CGeneral

Textis also applicable to DMIE,

9.2 Valves
9.2.1 General
Checle whether the mechanical properues are also applicable to the use of
DM,
—  The material should be DME resistant (see also section 1, § 8.2.1).
9.2.2 Boitom valves
The differential pressure i case of DME 18 16 barg respectively 18 barg,
9.2.3 Excess {low valves and check valves

Checlo whether the conditions for installing an excess flow valve or a check
valve are also applicable to DML

9.2.4 Hand operated block valves
Text1s also apphicable to DMI
9.2.5 Safety valves
The set pressure for safety valves m case of national transport is 12.7 barg.
8.2.6 Pressure relief valves
The set pressure for the safety relief valve 15 20 barg (see seclion 17 §8.2.1).
The set pressure should be higher than the operating pressure
(sec section 11 § 7.6.2).
9.2.7 Blow-off valves
Check the maximum quantity of DM that may be blown-off as a result of a

certam occasion and compare this amount with the maxnnum permissive
quantity per occaston.
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9.3 Liguid tevel indication and filling grade control
8931 Ullage valve assembly

~  Check the maximum opening for a fixed internal pipe for DML
The maximum liquid level is 81%.

9.3.2 Level indicator
Text is also applicable to DME
9.3.3 Overfill alarm

— The setting of the alarm will be at a filling degree of 81%.

9.4 Pressure and temperature indicators

Text is also applicable to DME

9.5 Filters

The material used shouid be DME resistant,

9.6 Transier pumps

—  The poor viscosity and poor lubricity of DME complicates the design of dis-
PEeNSsing puInps.

~  The design of the piping should be in accordance with the maximum pump
pressure.
The equipment belonging to the pump (seals, connections) should be DME re-

sistant.

9.7 Flow meters
The design pressure should be at least 30 barg (see section 1 § 7.6.2).
the flowmeters should be DML resistant.

9.8 Flexible joint

Text 1s also appheable to DMI
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5.9 Hoses and hose reels
9.9.1 Hose reel assemblies

~  The design pressure should be at least 30 barg (see section 11 § 7.0.2).
- Assemblies should be DME resistant.

9.9.2 Hoses

Check which burst pressure should be met for hoses
Hoses should be DML resistant.

9.9.3 Hose couplings and adaptess

AAAAA The equipment should be suitable for DME.

10. Requirements for LPG piping
10.1 Design codes and regulations
—  Textis also apphcable to DME.

10.2 Dresign and {est pressures

The test pressure should be at Jeast 30 barg (see section 1: § 7.6.2).

16.3 Design temperatures

Text is also applicable to DMI

10.4 Design

Text s also applicable to DME

16.5 Material

The matenals should be DME resistant,
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10.5.1  Pipe
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Check whether the maximum specified strength 1s also applicable to DML,

16,52 KHittings
Text 1s also applicable to DME

10.53  FKlanges
Text 1s also apphicable to DME

10.5.4  Bolting and threaded connections
Text 1s also applicable to DML

10.55  Gaskets/seals

‘Fext is also applicable to DME

i6.6 Fabrication

Textas also applicable to DME.

10.7 Welding
16.7.1  General
—~ Textis also applicable to DME
10.7.2  Welding procedure qualification
Text 1s also applicable to DM,
10.7.3 Welders performance qualification test
- Textis also apphcable to DMIZ.
10.7.4  Welder identification

- Textis also applicable to DM
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10,75 Welding processes
Text is also applicable to DM,
10.7.6 Weld inspection

—~  Textis also applicable to DMIE.

10.8 Pressure testing
10.8.1  Hydrostatic pressure test

—  The hydrostatic pressure test should be at least 30 bar because of the fact that
the pumyp pressure is in the range of 12 - 30 bar,

10.8.2  Puewmatic tightness test
Text is also appheable 1o DMIE.
10.83  Testrecords

Text is also applicable to DMIZ.

11, Electrical requirements

11.% Hazardous area classification

- Textis also applicable to DMIE.

11.2 Area zoning

----- Text 1s also applicable 1o DMIE.

11.3 Electrical equipment

----- Text s also applicable to DME.
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11.4 Electrical appliances

Text 1s also applicable (o DMIL
11.5 Earthing
~  DDME is a poor conductor and therefore grounding 1s required.
12. Inspection and approvals
12.1 Kirst inspection
1211 LPG vessels

Text is also applicable to DML
12.1.2  Vessel appurtenances and LY G system ancillaries

Text is also applicable to DMIL.
12.1.3  LPG piping systems
- Textis also applicable to DML
12.2  Final acceptance of the LPG station facilities

— Text is also applicable fo DME.

13, Qualification of contractors for work on LPG installations

Text s also applicable to DME,
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Section 4:  Regulations for the management and operation of
LPG service stations

i. Introduction

—  Text has to be changed.

2. Seope

Text has 1o be changed.

3. Definition of terms

Add the definition of DML
Remove the definition of LPG and propane.

4, Product information

4.1 Propane, butane and LY G

----- DME is produced from ‘syngas’ (mixture of H,, CO and CO,)
Natural Gas - (steam, reformer) — ‘syngas’ —> methanol syntheses - DME
coal, oil residues, biomass - gassification — ‘syngas’ —» methanol syntheses
-+ DME

4.2 Properties of LPG

boiling point: -24.8 °C;
—  vapour pressure (20°C): 5.1 bar,
~~~~~ expansion to 360 times its original hquid volume;
gaseous DME is 1.83 umes heavier than air,
----- It should be checked whether a release of DME becomes a visible cloud.
DME has a shight ethereal odour;
- DMIE s nof corrostve;
DME attacks most elastomers;
DML is a poor conductor;
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IDME has a poor fuel viscosity,
DM has a poor lubricity.

5. Deseription of a LPG road tank fruck
Text is also applicable to DME.
6. Diriver certificate and training
6.1 Driver certificate
Text is also applicable to DME.
0.2 Instructions for driver {raiging
Text is also applicable to DME.
7. Seneral instructions for drivers
7.1 Driver's clothing
Text is also applicable to DMI.
1.2 Daily checldist for drivers
Text is also applicable to DME.
7.3 Prokibitions

----- Text is also applicable to DME.
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8. Loading, transport and discharge of LPG
8.1 Driver duties and responsibilities

Text is also applicabie to DME,

8.2 Leading of the tank truck

Text is also applicable to DMIE.

8.3 Transpert of LPG

36 of 41

Check whether the distances at which reflecting triangles should be places in

case of a vehicle immaobilisation are also applicable to DME.

8.4 Discharge of LPG

Text is also applicable to DML,

9. Emergency procedures

9.1 PG leakage at the supply station

Text is also applicable to DME.

9.2 LPG leakage at the service station

Text is also appheable to DMI.

9.3 LPG leak during transport

Text is also applicable to DME.
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10. Fire fighting instructions

10.1 General

~  Textis also applicable to DM

10.2 Small fires

Textis also applicable to DM,

10.3 Large fires

Text is also applicable to DME.

104 Repoyxting f{ires

Text is also applicable to DME.

it Maintenance, repairs and modifications

111 Maintenance and repair

Texi is also applicable to DME.

11.2 Modifications

~  Text is also applicable to DMI,

i1.3 Work permit

37 of 41

Check which amount of DME should be involved in depressing/ degassing of
the installation before the measures concerned must be laid down m writing

and signed by,



THNC-repot

TNO-MEP - R 98/080

38 of 41

12. Periodic inspections

Text 1s also applicable to DME.

2.1 fnspections by truck driver

Text is also applicable 1o DME.

12.2 Inspections by gualified contractor

— The setting of hydraulic pressure fest for DME 1s 20.1 barg (sce section 1: §
8.2.1).

~  The set pressure for the hydraulic pressure test should be n accordance with
the maximum operafing pressure.

12.3 Inspection by the inspection agency

12.3.1 3 vears inspection period
—  Textis also applicable to DM
12.3.2 6 vears inspection peried
—  Text is also applicable to DME.
12.3.3  Inspections during modifications

----- Text is also apphcable to DME.

12.4 Vehicle inspection

Textis also applicable to DM

13, Installation book

Texts also applicable to DM
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Appendices

Appendix 1 Product information

This appendix should be made speeific for DME,

Appendix 2 Appurtenances for propane and butane, list of
accepted makes

‘This appendix should be made specific for DME,

Appendix 3 Regulations concerning the qualification of
contractors for the construction, mainfenance,
repair, inspection and testing of LPG-installations

Text 1s also applicable to DMI.

Appendix 4 Procedure for the commissioning of new or
degassed LPG-installations

Determine the pressures which should be used for the leak test of the DME
system.

The leak test should be performed by using DME or nitrogen (or another inert
gas: CO,, oxygen and air are probibited).

Appendix 5 Procedure for de-pressurising and degassing the
LPG-installation
- The equipment shouid be purged with nitrogen or another mnert gas (CQO,, oxy-
gen and air are prohibited).
Appendix 6 Procedure for the installation/dismounting of
submerged pumps

Texi 15 also applicable to DME.
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Appendix 7 ADR-product card (fransport emergency group
card)

Text is also applicable to DM,

Appendix §  Medical first aid

Text is also applicable to DMIE.

Appendix 9 Example of emergency plan

Text is also applicable to DME.

Appendix 10 Installation book for LPG service stations
Text is also applicable to DML,
Appendix 11 Installation book for LPG tank truck drivers and
truck owners
Text 1s also applicable to DME.

Appendix 12 Applicable articles of the ADR concerning LPG
road {ank trucks

—  The relevant articles of the ADR concerning DM should be collected.

Appendix 13 Checklists for inspection of LPG service stations

Text is also apphcable to DMI,
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General introduction

The ‘Regulations for DME Service Stations and Road Tank Trucks in the
Netherlands” as provided herewith have been prepared on behalf of (/HOLD/.

The contents of this report is based on the governing Dutch regulations for LIPG
mstallations - i.e. LPG Service Stations and Road Tank Trucks [1] - and made
where necessary specific for DME. The report is meant to provide those concerned
abroad with detailed information and guidance for the safe distribution of DME.

These ‘Regulations’ comprise four sections and thirteen appendices as listed on
the next page. The subjects covered in the four sections are interrelated and
therefore their contents should be considered as a total package.
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Section 1:  Regulations for the design and construction of DME
service stations

Table of contents
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I.

Introduction

This sections forms part of the ‘Regulations for IDME Service Stations and
Road Tank Trucks’.

It provides the regulations for the design and construction of DME service
stations with DME storage of the ‘mounded’ type, i.e. storage vessels installed
above grade covered with a mound of sand, as well as DME storage mstalied
above ground.

In recent years studies have been performed for the introduction of DM as a
car fuel. Part of these studies are related to the evaluation of the risk when
handling DME. As a result of these studies a number of measures have been
and are still being taken to improve the safety of DML handling 1n all its
aspects.

The ‘Regulations for the design and Construction of DME service stations’
given in this section are based on the exisiing requirements for LPG service
stations [1] and made specific for DME where necessary.

The application of the ‘Regulations’ as mentioned in this section will contribute
to the safe construction of DME stations and to the prevention of hazards while
handling this product. It should be noticed however that the design criteria as
stated in this section are based on the climatological conditions of the
Netherlands; and thus are not automatically applicable to other countries which
might have other climatological conditions.

While every effort has been made to ensure the accuracy and reliability of the
data contained in these regulations, neither TNO nor the authors shall be held
responsible or liable in any way for loss or damage resulting from their use or
from any violation of state or international regulations with which they may
conflict.

The regulations also cannot be deemed to contain all conditions that must be
necessarily be fuifilled for safe construction and usage. The liability remains
with principals, manufacturers and the management for the mstallation.
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2. Scope

This section covers the requirements related to the design and construction of
DML service stations, comprising facilities for the supply with DME, DME
product storage and the delivery of DME to motorcars.

The section provides guidance for a safe location and lay-out of a DME service
station in 1ts entirety and {orms a basis of design for its facilities and systems.
All mandatory design criteria such as minimum safety distances, area
classifications, storage capacities etc. are given in addition to detailed
requirements for the design, installation, inspection and testing of individual
equipment of the complete system.

In this section reference is made to Appendices 1 11, IIT and XIIT of the
‘Regulations” which contain information regarding DME properties, accepted
makes of DME appurtenances, regulations for he qualification as a DME
contractor and checklists for inspection of DME service stations.

The operational aspects of DME service stations are covered in section 2,
‘Regulations for the management and operation of DME service stations’, which
also forms part of the ‘Regulations for DME Service Stations and Road Tank

Trucks’.
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3. References of standards

In these Regulations reference is made to the following publications:

Note: The latest issue of each publication should be used together with any
amendments/supplenents/ revisions to such publications.

3.1 Miechanical Standards

ASME Roiler and Pressure Vessel Code:

Section VI, div. & Pressure Vessels
Section IX Welding and brazing qualifications

ASME Code for Pressure Piping B 31:

ANSI/ASME B 31.3 Chemical plant and petroleum refinery piping

Published by: The American Socicty of Mechanical Engineers.
345 Fast 47th street
New York, New York 10017,

ASTM Codes:

ASTM A 105 Specification for forgings, carbon steel, for piping
components

ASTM A 106 Specification for scamless carbon steel pipe for high
temperatare service

ASTM A 234 Specification for Piping Fittings of wrought carbon steel and alloy steel

ASTM A 285 Specification for Pressure vessel Plates, carbon steel, low- and intenmediate - tensile
strength

ASTM A 515 Specification for Pressure Vessel Plates, carbon steel, for intermediate - and higher
temperature service

ASTM A 520 Specification for supplementary requirements for scamless and electne resistance welded
carbon steel tubular goods

Published by: American Society for Testing and Matenals

1916 Race street
Philadelphia, PA 19103
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BS Codes:

I3S 1640
BS 3600

BS 3799
BS 4504
BS 4870
BS 4871
BS 5146

RS 5500

Published by:

CEQC Codes:

R49/CLEOC/E3
R25/CEOC/TY

R2G/CEOC/TY

R29/CEOC/E3

Published by:

DIN 1629 shi 3
DIN 2448
DIN 2513
DIN 2526
DIN 2605
DIN 2615
DIN 2616
DIN 2617
DIN 2634

11 0f 80

Steel butt-welding fittings for the petroieum industry
Snecification for dimensions and masses pex unit length of
welded and seamless steel pipes and tubes for pressure purposes
Steel pipe fittings, screwed and socket welding for the petroleum
mdustry

Flanges and Bolting for pipes, vaives and fittings. Metric series
Specification for approval testing of welding procedures
Specification for approval testing of welders working to
approved welding procedures

Steel valves for the petroleum petro-chemical and allied
industries (appendix A)

Specification for unfired fusion welded pressure vessels.

British Standards Institution
2 Park Strect
London W 1 A2 RBS

Approval of manufacturers of fittings and flanges

Principies for the approval of austenitic rolled and forged
steels

Principles for approving materials for compenenis which
require inspection by a CROC-Organisation

Test plan for the certification of rolled and forged steels
including {ine-grain structural steels with ferritic-pearlitic
structure (normalised) , bainitic structure and/or tempered
structure (air or liquid quenched as well as age hardened)

CEOC {Colloque Furopéen des Organismes de Contréle):
Secrétariat Général

Groupements des APAVE

102, Rue des Poissonniers

75018 Paris

Seamiess pipe from carbon siecl
Plain and seamless sicel pipe
Flanges, {acings, male and femaie
Flanges, types of facings
Butt-welded elbows

Steel butt-welded fittings, tees
Steel butt-welded fittings, reducers
Steel butt-welded fittings, caps
Welded neck flanges, NP 25
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DIN 2635
DIN 2980
DIN 3754
DIN 17155
DIN 17200
DIN 30670)
DIN 30671)
DIN 30672)
DIN 30673)
DIN 30675)

Publisked by:

IL5/IM codes:
ISATW-237-66

HS/MW-487-75
NS/MW-492-75

Published by:

ISO Specifications:

IS0 6708
ISO 7268

Published by:

TNO-MER « R 89720011

Welded neck flanges, NP 40
Threaded steel pipe fittings
Compressed asbestos fibre sheets
Piate for pressure vessels
Quenched and tempered steels

Anti corrosion coating

Deutsches Institut fiir Normung
Beuth verlag G.m.b.L
Burggrafenstrasse 4-10

1000 Berlm 30

Recommended welded connections for pressure vessels

Suitability grading

Recommended practice for radiographic inspection of fusion

welded circumferential joints in steel pipes from 1 mm up to 50 mm wall thickness class B

Infernational Institute of Weldimng
54 Princess Gate, Exhibition Road London
S.M.

Pipe components. Definition of nominal size
Pipe components. Definition of nominal pressure

International Standardisation orpanisation Geneva,
sSwitzerland

Dutch Standard Specifications:

NPR 6912

Published by:

Various Standards:

SIS 055960

Cathodic protection

Nederlandse Normalisatic Instituut
1.0, Box 5059

2600 GB Delft

The Netherlands

Pictorial surface preparation standards for painting steel
surfaces.
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Published by: Swedish standard cornmission
Tegnergatan 11
Box 3295
S-10366 Stockholm

SSPC SP-8 Pickling
Published by: Steel Structures Painting Council

4400 {ifth Avenue
Pittsburgh 15213 PA, USA

TRbP Technische Regeln fiir Brennbare Flussigkeiten {Technical
Rules for Flammable liquids).

Published by: Deutscher Fachschriften - Verlag
Wieshaden
3.2 Electrical Standards

Flectrical apparatus for Potentially explosive Atmospheres

EN 50.614 General requirements

EN 50015 Oil immersion ‘o’

EN 50.016 Pressurized apparatus ‘p’

EN 50.017 Powder filling ‘g’

EN50.01% Flameproof enclosure ‘d’

EN 50.019 Increased safety ‘e’

IEN 50.020 Intrinsic safety ‘v

BD 384 Electrical mstallations of buildings

Published by: CENELEC, European Committee for Electrotechnical Standardisation,

(General Secretariat
2, Rue Bréderode, B-100
RBrussels, Belgium

3.3 Safety Standards

ISO/DIS 3864 Safety colours and safety signs

IS0 834 [Fire-resistance tests of elements of building construction
ISO 3008 Fire-resistance tests - Door and shutter assemblies
SO 3009 Fire-resistance tests - Glazed elements

Published by: International Standardisation Organisation
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4, Definition of terms

For the purpose of these Regulations the foliowing definitions shall hold:

Ancillaries

The term ancillaries covers all appurtenances and system components required
for the safe operation of DME storage vessels and piping systems. Ancitlaries
comprise items such as valves, relief valves, pumps, pressure gauges, metermg
equipment, controls, efc.

BLEVE

‘Boiling Liquid Expanding Vapour Explosion’

An explosion caused by the sudden formation and subsequent ignition of Jarge
quantities of DME vapours, normally due to rupture of & storage vessel.

Category I objects

Objects designated as such:

a) sports halls and swimming baths;

b) shops, insofar as they do not come under Category 11

¢) hotels, restaurants, and office buildings, msofar as they do not come under
Category 11, as well as incidental houses, offices, and workshops present on
industrial premises;

d) playgrounds, playing fields, outdoor swimming pools, garden allotments and
other recreation grounds, insofar as they do not come under Category 1L

Category 1l objects

Objects designated as such:

a) elderly people’s homes, nursing homes, hospitals and sanatoriums;

b} schools;

¢) buildings, in which more than 5 shops are accommodated and of which the
total floor area is over 1000 m?, and shops with a total floor arca of over
2000 m’ per object;

d) hotels, restauranis and office buildings intended for more than 50 persons
per object;

¢) telephone exchanges, buildings with flight-control equipment and other
vulnerable objects of high infrastructural value;

f} objects which through secondary effects involve increased risk, such as
installations and above ground storage tanks for flammable, explosive or
toxic substances;

) camping sites intended to accommodate more than 50 people and other
recreation sites intended to accommodate more than 50 persens during a
number of succeeding days per year.
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Check valve
A check valve is a device which prevents the medium in a piping system from
flowing back.

Contractor (qualified)

Contractor is a company which carries-out activities in the field of construction,
maintenance, repair, mspection and testing of DME nstallations. A guahified
confractor has acquired a valid certificate of registration from the Inspection
Agency.

Degassing

Degassing is the procedure by which the gas concentration in a storage vessel
and/or related piping sysiem 1s safely reduced and then maintained at a level
which is not higher than 16% of the lower explosion limit.

DME
Di-methyl ether, which is used as fuel for motorcars

DME service station
An establishmeni containing facilities where DMIE is stored and dispensed to
motorcars.

Dwelling
The dwelling accommodation of a building or part of a building used for
dwelling purposes or intended for such purposes.

Excess flow valve
A shut-off device, which provides a nearly complete automatic shut-off in case
of an excessive flow rate e.g. line break.

Filling poini

The conneciion point for the hose of the tank truck. At this point DME is
transferred from the road tank fruck to the installation. The tank truck is
unloaded, the storage vessel filled.

Fireproofness of constructional components

The time expressed in minutes during which any constructional component, not
being a door, hatch or window consfruction, must be capable of continuing to
function during heating, determined according to Standard Specification ISO
834.

Fireproofness of door, hatch and window constructions

The time expressed in minutes during which construction offers resistance to
collapse and remains flametight in case of fire, deierimined, according to
Standard Specifications [SC 3008 and 3009.

Ingassing
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The procedure by which DME is fransferred mto a gasiree DME storage vessel
and /or piping sysient, thereby increasing the gas concentration up to a level
well exceeding the upper explosion limit.

Inspection Agency

An institution, governmental or private, authorised to perform mspection work
on a DME installation or part thereof. This includes all matiers related to the
engineering, fabrication, inspection and testing of such installations.

Mounded storage vessel
A DME storage vessel, installed above grade completely covered by a mound
made of sand covered with tiles.

Nominal diameier DN
A numeric idication for the size of piping systems according to standard [SO-
6708,

Nominal Pressure PN
A numeric ndication for the pressure according to standard [SO-7208.

Pressiire
The unit kPa and bar indicate absolute pressure; the expression ‘gauge
pressure’ means absolute pressure minus atmospheric pressure.

Pressure relief valve
An automatic pressure-relieving valve actuated by overpressure in a liquid-
filied system, caused e.g. by thermal expansion of the fluid.

Principal

The company which initiates and ultimately pays for the design and
construction of a DME service station and hence will be involved in the control
of the quality of the station’s facilities and the services rendered.

‘Regulations’
The Regulations for DME Service Stations and Road Tank trucks.

Safery valve

An automatic pressure-relieving valve actuated if the static pressure upstream
of the valve exceeds a pre-set pressure and characterised by rapid full opening
or pop action. 1t is used for gas or vapour service.

Sioomwezen

The Dutch governmental inspection authority ‘Dienst voor het Stoomwezen’ 1s
referred to as ‘Stoomweren’. “Stoomwezen' s the authority having jurisdiction
in all matters related (o the engineering, fabrication, testing, inspection, and
installation of (pressure) vessels, piping and piping systems.

Storage Capacity
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The net volumetne contents of a vessel when filled with water up to the

maximum allowable level for DME storage.

Underground storage vessel
A DM storage vessel, installed below grade, completely covered by soil.

Vessel volume
'The volumetric contents of a vessel when completely filled with water.
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5, Definition of a DMIC service station

Reference is made to the following figures shown at the end of this chapter:

Figure 5.1 Typical scheme DME service station (imounded storage);
Figure 5.2 Typical scheme DME service station (underground storage),
Appurtenances list for figures 5.1 and 5.2:

Figure 5.3 Typical mounded storage vessel;
Figure 5.4 Typical underground storage vessel;
Figure 5.5 Simpiified control system

5.1 General

The prime function of DME service stations is to diswribute DME to motorvebicles.
To serve this purpose a typical station comprises:

one or two DMI storage vessels, either mounded or installed underground;

~ one or two DME filling points for supply by road tank trucks;

— one or more DME dispensing columns;

i

a sales roony;
- interconnecting piping and cabling:
— operation control and safety systems.

A DME service station may be combined with facilities for the distribution of
other automotive fucls to consumers, where as also additional features as e.g. car
washing facilitics may exist on the premises.

The properties of DME are given in Appendix 1.

DME is supplied, stored and delivered as a liquid, at ambient temperature and
under its own vapour pressure. When DME escapes, through leakage or otherwise,
it evaporates quickly, expands to about 350 times its liquid volume and spreads out
at ground level as DME is heavier than air. A basic lay-out requirement therefore
is the avoidance of places below ground level and of lowly placed ventilation
openings for buildings.

Specific location and lay-out requirements for DME service stations are given in

chapter 6.

5.2 DME storage facilities

At a DME service station the DME is either stored in “mounded pressure vessels”™
i.c. pressure vessels which are located above grade and completely covered with
sand or m underground pressure vessels, to provide protection against extemal
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heat from sun radiation or fire. Temporarily installed vessels shall never be used
for DMI: storage.

If required two vessels can be installed, cach having its own related piping systems
which must be completely separated from each other.

Each DME storage vessel with its appurtenances as safety valves, level
instruments, block valves elc., is electrically isolated from any related piping when
either the vessel or the piping systems are provided with a separate cathodic
proteciion system.

For reasons of safety and economy, the storage capacity of each vessel should be
sufficiently large to receive the contents of a road tank truck in its entirety. The
frequency of loading by road tank trucks can thus be kept to a minimun.

In and outlet piping is provided with manually operated block valves and remotely

controlled block valves.
Remote conirol shall be possible at least from two different locations,

All nozzles for piping and instrument connections are located on the manholes. An
exception is made however for mounded vessels where the outlet nozzles
connecled with the delivery system are located in the fronthead, well below the
lowest Hiquid level,

Ry comparing the heat of combustion of propane and DML it can be concluded
that the energy contents of propane (24.1 MJ/dm3} i1s 26.8 percent lugher than the
energy contents of DME (19.0 MJ/dm3). This means that if the availability of
energy for DME should be the same as for propane, the storage vessels of DME
should be larger (26.8%) or DME should be delivered more frequently.

5.3 PME filling system

The discharge of DME from road tank trucks into a storage vessel 1s based on the
principle of bottom unloading without usage of a vapour return lne.

The tank trucks carry their own pump/meter units and discharge hoses. The trucks
hoses shall be used for filling only.

The station’s filling point is located in the vicinity of, but at a safe distance from,
the DME storage area.

Fach storage vessel is provided with an overfill protection system which
automatically initiates closure of the remote controiled inlet valve when the
maximum allowable level in the storage vessel has been reached (86 vol%) and no
manual action has been initiated previously by the driver of the road tank truck.
This percentage is based on the increase of liquid volume within the design

620.3 kg/m® [2]). From the above it can be oncluded that the increase of volume 1s
16.2 % through which the maxinmum filling degree is limited to 86 %.

The driver can follow the filling progress on a level indicator installed adjacent to
the filling point and is warned by a signal when a filling level of 81 % has been
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reached. This will give him sufficient time to stop the unioading of DML,
ultimately when the 86% filling rate of the vessel has been reached.

Due to the very poor conductivity of DMI the filling point 1s earthed to discharge
any static electricity. The filling point is electrically insulated from the buried
piping of the {illing system by means of an insulation joint.

A bonding cable of the road tank truck is connected with a receptacle i a weather
proof cabinet adjacent to the filling point. Receptacle and filling point are
inierconnected to ensure equi-potential between truck and filling point during
unloading.

Plugging-in of the bonding cable into the receptacle of the cabmet also connects
the truck’s ESD system with the station's facilities (see § 5.5). With a further
provision at the filling point (e.g. a key switch) the remote-controlled filling valve
may be opened.

Pressure relief valves protect hine scetions against overpressure, if DME 15
blocked-in by closed valves.

To avoid unloading of the wrong substance the fitting for unleoading DMI should
be unique.

5.4 DME dispensing system

DME supply to consumers is arranged via one or more dispensing columns located
on one or more ‘pumping islands’. Fach dispensing column may have one or two
delivery poinis, each having its own metering, appurtenances and piping.

Llectric motor driven wransfer pumps, installed either mside a storage vessel or
adjacent to a vessel provide for DME supply to the delivery pomts. Normally one
pumy is installed for each point, but a system whereby ome pump scrves two
delivery points 1s feasible. Each pump is protected from pumping agamst closed
discharge by a by-pass/overflow line leading back to the storage vessel.

The delivery lines are provided with DME-gas, air or electric actuator operated
valves which remotely isolate the system in case of an emergency. Line sections
which can be blocked-in by valves are provided with pressure relief valves; the
buried pipe sections are electrically isolated by means of isolating joints in case
the vessel and/or thesc pipe sections are provided with a cathodic protection
systen.

At a dispensing column, the DMIE is filtered, the vapour separated and the hquid
quantity supplied to the consumer measured by a flowmeter. Any vapour 1s
disposed via a vapour retwmn line leading back to the storage vessel.
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The DME inn the pipe section downstream the {lowmeter up io the delivery hose is
blocked-in when no delivery takes place. Since protection of this pipe/hose section
by means of 4 relief valve is not feasible in this case, protection is provided by an
expansion vessel.

A fiiling operation can only be started and maintained by pressing a so-called dead
man's push button. Releasc of this button terminates DME delivery immediately by
stopping the pump or, in case one pump serves 2 delivery points, by closing a
block valve of the delivery point concerned.

55 Operation control and safety systeins

5.5.1 General
The operational status of a DME service station can be as follows:

Normal status:
The service station 1s ready for deliverics to customers and prepared {0 receive
DME supply from road tank trucks if required.

Stand:by status:
The service station is closed, personnel is not present, however receiving DME
should still be possible. All remote-controlled valves are closed.

Non operational status;

‘the DME service station is completely shut-down, e. g. in case of maintenance or
an emergency shut-down (ESD) situation. All remote-operated valves are closed
and the installation de-energised.

552 Electrical control system

The above described situations are indicated and controlied by an electrical circuit

which comprises the following major items:

- Main control panel: the pancl is equipped with a main key operated switch
controlling the operational status and related indicating lights showing the
status.

Furthermore the panel contains the motor control for the DME transfer pumps
and the ltevel alarm/ indicating and controlling equipment.

~  Weatherproof cabinet adjacent to the filling point, containing a key operated
swilch, a receptacle for the truck's ESD-system and earthing connections, a
level indicator and level alaym.

~ At least 2 emergency shut-down push-butions, one located in the salesroom, the
other one near the dispensing arca.
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5.53 Operation

Reference is made to figure 5.5: ‘Simplified control systemn’, shown at the end of
this chapter.

During opening he

The DME service station becomes operational by switching the key operated
switch at the main control pancl. The control system is energised now and the
station ready for operation. The remote-controlied block valves 1 the motorcar
delivery lines, the vapour return lines and the fransfer pump by-pass hines are open,
the remote-controlled block valve in the filling Hine is closed.

Filling of the storage vessel by the driver of the road tank truck 1s possible, when
done in accordance with the filling operation as outlined below.

Purme closing hours

When no personnel is present, filling the DME sterage vessels still can be made
possible by switching the key operated switch at the main control pancl o *Stand-
by’. In this situation the driver of an Incoming road fank truck can, by following
the same filling operation, energise the part of the station's clectrical cireuit which
is required to perforn: the filling operation.

Delivery to motorcars however 1s not possible since the remaming clectrical
circuits are sull de-energised.

Filling operation: (see figure 5.5)

The filling operation to be performed by the driver of an incoming tank truck

comprises:

a) connecting the ESD system of his road tank truck with the ESD system of the
station and
b) activating the remote-controlled valve in the filling line.

The required activities should be carried-out 1n 2 certam sequence.

The driver of the road tank truck should:
1. Connect the plug of the road tank truck's connecting cable to the receptacle of
the service station (this includes earthing).
2. Conneet the filling hose of the truck fo the service station
3. Asceriain that the road tank truck's own conwrol system 1§ activated. I so, a
contact in the ESD loop of the road tank truck will close and energise relay A
(located in the service station). Relay A being energised will:
Establish a by-pass over the key operated switch in the ESD loop of the
service station.
Switch on the green light.
4. Insert the key into the key operated switch and activate the circurt. This
operation wili:
Interconnect the ESD system of the truck with that of the service station,



Ceaflt TNO-repont, version dated 10.07-99

24 van 80 TRO-MEP - 122 9/29011

—  Open the DMLI: filling valve.
5. Pumping may now commence.

To discontinue the filling operation the above actions must be reversed. It should

be noted that:

~ Any malfunction either on the truck or in the filling station will give an ESD.

----- Operating the key switch before having plugged i the control plug of the muck
into the receptacle witl give an ESD.

— Disconnecting the plug before having de-activated the key operated switch will
give an ESD.

5.5.4 Awtomatic overfill profection/level control

Each storage vessel is provided both with a local ievel indicator and a combined
overfill protection/level alarm and control device connected with the level
indicator installed adjacent to the filling point, The setting of the alarm shall be
such (81 %) that the driver of the unloading road tank fruck has sufficient time to
stop the unloading, that is before the maximum filling level of 86 % m the vessel
has been reached (sec also § 5.3).

If no manual action has been taken previously and the maximum ailowable filling
jevel has been reached, the overfill protection device initiates an automatic
termination of the unloading by closing the motor-operated valve of the filling
system, which for this purpose 1s controlled independently from the other ESD
valves.

A failure of the overfill protection device results automatically in a closure of the
remote-operated filling valve, hence filling by road tank trucks is not possible
ANYImore.

Low liquid level automatically stops the DML dispensing pumps and closes the
remote-controlled valves of the dispensing system: motorcars cannot be filled
anymaere.

5.5.5 Fmergency shut-down system (JE51)

The shut-down system comprises a systemn by which the storage vessels can be
fully isolated from the inlet and outlet piping systems. These 4 systems 1.e. supply
piping, the piping for deliveries to motorcars, vapour return from the dispensing
column and transfer pump by-pass are provided with remote-controlied block
valves equipped with single acting spring return actuators (‘fail safe’}. The valve
actuators are either operated by DMI or compressed air; also electrically activated
actualors are quHe common.

When initiated by an ESD push-butlon in case of an emergency, the electric circuit
of the station's facilities is de-energised and all actuators close the valves at the

same time within 15 seconds.
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Also the dispensing pumps will stop and cannot be restarted unless the valves are
re-opened. BSD push-buttons must be located af least in the salesroom, and at the

dispensing arca.

Furthermore provisions must be made to enable initiation of an 3D of the DME
service station valves from the ESD push-buttons of the unloading road tank truck,
This can be achieved by connecting the clectric circuit of the truck with the station
circuit, as described under § 5.5.3. In case of an emergency during unloading, the
remote controlled valves of the DME service station thus close automatically and
simultancously with a shutdown of the tank truck's own facilities.

Without this connection between the electrical circuits filling of the station's vessel
will not be possible, as the filling valve of the service station remains closed.
5.5.6 Yaive control systems

DME-operated valve aciuators:

The gas in the control system, keeping the valve actuators In an open position, s
provided from the DME storage vessel via tubing. The actuators are controlled by
solenoid valves: one solenoid valve controls the valves of the motorcar delivery,
vapour return and transfer pump by-pass lines, another solenoid controls the
remote controlled valve in the filling system, which should be operated
independently to enable DME filling during closing hours. Before entering the
control system, the gas pressure is reduced to approximately 1.0 barg.

By pushing an ESD-bution, both solenoid valves are de-energised and the gas
pressure in the gas supply system to the actuators released.

Compressed air-operated valve actuators:

This control system is similar to a DME control system: only compressed air is
used instead of DME. The compressed air is supplied by a small elecwic motor
driven air compressor.

Electrically-operated valve actuators:

The valves are controlled by clectric actuators. Also in this case de-energising of
the electric circuit results in a spring actuated closure of all valves.
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List of appurtenances as shown on typical schemes of DME service stations
(figures 5.1 and 5.2)

Indentification  Description Number of items Size
Fig. 5.1 TFig. 5.2
1 Blow-off valve 2 1 Yo
2 Angle valve 1 i 2
3 86% ullage valve i 1 Yo
4 Check valve 2 2 2
5 Check valve 1 - Va
6 Check valve 1 - Y
7 Rlock valve 4 3 2
8 Block valve 2 1 1%
9 Riock valve i 3 ¥
10 Rloclk valve 1 1 Y
11 Excess flow valve 1 1 2
12 Excess flow valve ] 1 1V
13 Excess flow valve 2 2 Y
14 Remote control valve 2 2 2
15 Remote control valve 2 1 Y
16 Relief valve 9 e Ya
i7 Safety valve 1 i -
18 Strainer 1 2
1% Flexible jomt i - 2
20 Insulation joint 2 1 2
21 Insulation joint 2 1 1%
22 Insulation jont 2 1 ¥a
23 Filling hose 1 1 Y
24 Filling nozzie 1 i ¥
25 Break-away coupling 1 1 Ya
20 Hose-connection with cap 1 1 3
27 Overflow/relief valve 1 1 Ya
28 1.evel indicator i 1 -
29 Pressure gauge 1 1 Y
30 Pressure control valve i 1 Ya
31 RBall valve 1 2
32 Arficulated stem exiension - 1 -
33 Submerged purnp - 1 -
34 Vent of pump well - 1 Ya
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6. Location and layout criteria
6.1 Location

DME service stations shalf be located along designated highways which are
considered to be safe for DMI transport, or at locations which can be easily
reached from these highways without passing residential areas, individual
aparfment buildings or single objects of category I (as defined in chapter 4).

This is assumed to be the case if, after having left the highway, the road tank truck
will not pass at any point on his route more than 15 dwellings or any single objects
of category Il being located within 80 metres distance, measured from the
centreline of the road.

Note: (*) This distance is based on effect calculations resulting from a ignited
release of LPG by using the Yellow Book [3]. Due 1o the fact that the heat of
combustion of LPG (24.1 MJdn') is approximately 1.3 times the heat of
combustion of DME (19.0 MiJ/dn’) the given distance is somewhat conservative
Jor DME.

6.2 Lay-out

Reference is made to fipure 6.1, “Typical lay-out of DME service station alongside
main road (1500 m®)’ and to figure 6.2, ‘Typical lay-out of DME service station
alongside secondary road (750 m®)’, shown at the end of this chapter.

These lay-outs are typical only, based on rectangular shaped instaliation areas and
mounded storage vessels. Many variations are possible, mchuding some area
reduction, depending on the shape and focation of the available area.

6.2.1 General
The following poinis shall be observed:

The lay-out of a DME service station shall ensure unobstructed access and
departure of consumers and of supply vehicies at all times.

Entrance, exit and paving shall be arranpged in a manner whicl: minimises the risk
of coliisions.

The operating personnel shall have an unobstructed overall view on the facilities,
both from the salesroom and from the dehvery area.

An exactly designated and marked unloading location for road fank trucks shail
ensure that these trucks neither hinder other traffic nor obstruct a good overall
view on the facilities of the DME service station and/or hamper its operation.
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Safety facilities such as escape rouies, means for emergency shui-down and fire-
fighting equipment shall be provided.

6.2.2 Minimum and maximum plot size

The plot size will depend on location, volume of storage, number of selling points
for automotive fuels, side-activities planned as e.g.. car washing facilities, etc.
Minimum allowable distances between individual facility items as described in §
6.3 and general arrangement considerations will fead fo a mininmum required plot
size.

Other considerations as the overall view requirement and the length of
interconnecting piping and cabling between the DME facilities, lead to a maximum
plot area, the size of which again depends on the extent of the services to be
rendered.

In each case however, all instaliation items, including piping, shall be situated
within a cirele with a diameter of 400 m. maximum. [There is no reason io change
the requirement that all equipment should be within « radius of 400 meter for
DME.]

6.2.3 Accessibiiity of ancillaries

Ancillaries and components of the DME-filling, storage and dispensing systems
such as valves shall be easily and safely accessibie and operable. This applies also
to indicating mstruments and all parts requiring regular mspection  and
maintenance.

6.2.4  Profeciion against collision

The location of storage vessels, pumps, filling point with cabinet, dispensing
columns etc. shali be such that the danger of collisions by motor vehicles is
minimised. If such a location is not feasible, the equipment concerned shall be
suitably protected, either by a crash barrier as used on highways or by concrete
filled sicel poles, having a diameter not less than 160 mm. The poles shall exient
0.6 metre above grade and be well anchored in the soil which shail be raised 0.1 m
and paved. The border of the paving shall extend the poles by at least 0.1 metre.
The distance between any (wo poles shall not be more than 1.0 meire.

6.2.5 Installation of storage vessel(s) and pump(s)
The storage area including the pumps and related piping shail be surrounded by a

fence 1f the storage area is located on an area which can be entered unchecked by
unauthorised persons.



Graft THO-report, version dated 10-02-99

34 van 80 TNO-MEP - R 89/20011

The fence shall be installed at least at | metre distance from the foot of the mound
or - in case of underground vessels - from the horizontal projection of the
vessel(s). The fence shall have a minimum height of 2 mefres and shall consist of
sturdy metal meshwork of 50 mm maximum mesh, made of wire of af least 2 mm
thickness.

Two doors shall be provided, being located in two opposite sides of the fencing.
‘the doors shall open to the outside and be provided with locks which can be
opened from the ouiside only with a key and from inside the fencing without a key.

The storage and pumyp area inside the fencing shall be paved either with tiles or
concrete. The area inside the fence shall not be used for storage of any goods. The
pump(s} shall be installed in the open air. The pump(s) and related piping shall be
protected by a removable sun shed.

6.2.6 installation of dispensing-column(s)

The dispensing column(s) shall be protected against collision by means of concrete
filled poles as described under § 6.2.4. Furthermore permanent provisions are
required to protect the dispensing columns against direct radiation of the sun, ¢.g.
by individual or common sunshades. The dispensing columns shall be placed on
paved “islands", so that motorcars can park on both sides. During filling with
DME, motorcars shail not stay on the main road. Thus the pumping islands shali
be located accordingly.

6.2.7 Buried piping and cables

Piping and cables shall be buried at a depth of at least 0.6 metres below grade in a
completely swrrounding layer of clean sand. No piping shall be laid under
buildings.

6.3 Miniomum on-plot distances

Reference is made to figure 6.3, ‘Minimum distances for DME service stations’,
and to Appendix XJIT ‘Checllists for inspection of DME service stations’.

6.3.1 General

There 1s always a certain risk involved in the handling of DME. The risk of
occurrence of the most serious hazard, a ‘BLEVE’ of the storage vessel, is
practically eliminated by coverage with a mound of sand.

In spite of technical safety measures specified in this regulation other hazards

remain possible, ¢.g. ignition of quantities of escaping gas, formation of gaseous
clouds at low places, fire n other storage tanks containing flammable goods.
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in order to reduce the risk of occurrence of any of such hazards, minimum
allowable distances have been specified in the next paragraphs, which shall be
strictly adhered to.

6.3.2 Distance towards low-fying places

No cellar openings, guilies and suction openings of ventilation systems situated at
iess than 1.5 m above grade may be present within 15 metres from the horizontal
projection of the storage vessel, the filling point or from a dispensing column [4].

6.3.3 Distaunces o prevent ignition of small guantities of escaped gas

Electrical equipment fo be instailed or used within the hazardous area zones 0,1
and 2 shall be of adequate explosion proof design as described in chapier 10
‘Flectrical Requirements’. The zonal areas around storage vessel, filling point and
dispensing column are depicted on figure 10.1: ‘Hazardous area classification’ m
the same chapter.

The distance between the DME filling point and a buildmg or dwelling on the site,
as well as io the site boundary, the weatherproof control cabinet, the salesroom
and any dispensing column for DME or automotive fuel shall be at least 5 metres

[4].

The distance between the tank track area and a building or dwelling on the site as
well as to the salesroom and any dispensing column for DME, gasoline or diesel
shall be at least 5 metres [4].

The distance between the horizontal projection of the storage vessel and the
salesroorm, the site boundary as well as any dispensing column and any motorcar o
which automotive fuel is being delivered, shall be at least 5 metres [4].

The distance between any dispensing colunmn and the site boundary, the storage
vessel, the tank truck area and the DME filling point shall be at least 5 metres {4].

The distance between any DME dispensing column and the salesroom as well as
any building or dweliing on the site shall be at least equal to the maximum length
of the DME delivery hose plus 2 metres, which is 7 metres minimum,

6.3.4  Distances in connection with protection of objects in case of-escape
and/oy fire of major quantities of DME.

The distance from the horizontal projection of the storage vessel o a building or
dwelling belonging to the establishment shall be at least 15 metres [4]. If walls and
the roofing of these buildings within a distance of 15 metres [4] (measured both
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horizontally and vertically) from the vessel have a fire-resistance of at least 30
minutes, this distanee shail be at least 7.5 m.

The distance from the horizontal projection of the vessel, from the filling point and
from the location for the tank truck to above-ground storage of other hazardous
substances in quantities of more than 100 litres shall be at Teast 15 metres, unless
the storage of these substances takes place in a building of which the walls and the
roofing within a distance of 15 metres (both horizontally and vertically) from
vessel, filling point or lecation for the tank truck have a fire-resistance of at least
60 minutes. Ix that case the distance shall be at least 7.5 metres f4].

The distance between the horizontal projection of the vessel and the filling point or
between the vessel and the tani truck unloading area shall be at least 15 mefres

[41.

0.3.5 Distances to avoid damage to coating of DME vessels

The distance between two DME storage vessels in one common mound, or both
mstalled underground or between mounded DME storage vessel and any other
buried vessel shali be af least one (1) meter.

6.3.6 Location of DME road tank frucks

During unloading the tank truck shall be placed at maximum 5 metres distance
from the filling point, facing the direction of departure, in such a way that in the
event of an emergency it can move off to the public road without manoeuvring.

In case of a DME service station situated along a road, where a speed limit of more
than 50 kilometres per hour is in force, the location for the tank truck may not be
on this road, on the hard shoulder or lay-by alongside the road or alongside the part
of the road that gives access to the station.

6.4 Minimum distances to off-plot objects

The distance from DME filling point and road tank truck area to objects category |
shall be at least 30" metres, fo objects category II and third party dwellings
minimum 80 metres.

The distance from the storage vessel(s), to be measured from the horizontal
projection of the vessel and the pump, to objects category 1 shall be at least 200
metres, to objects category If and third party dwellings 40" metres.

The distance between DME dispensing columns and al} category I and II objects
and dwellings shall be at feast 20'” metres.
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The distance from storage vessel, filling point, tank truck and dispensing columns
respectively towards any off-plot buildings shall be at jeast the distance as
stipulated for on-plot buildings.

The distance of DME piping to off-plot objects shall be at least 59 metres.

Notes:
~ Object category I and 1T and dwellings have been defined in the chapter

‘Definition of terms’.
-~ Buildings in this contexi are defined as objects othe:t than category 1 or 11
objects or dwellings, ¢.g. usually unoccupied sheds or store houses for non-

dangerous goods, :
For distances marked with a ‘) reference is made o the note as given in §

6.1).

A, graphical survey of required distances is given in figure 6.3 at the end of this
chapter.
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7. Requirements

In this chapter the requirements are given for the design, fabrication, inspection
and testing of stationary mounded or underground storage vessels and related
appurtenances for the storage of DME at DMUE service stations.

7.1 esign codes and regulations

DME storage vessels are classified as unfired pressure vessels, which are subjected
to the inspeciion and acceptance of the Inspecfion Agency..

DME storage vessels shall be designed, fabricated and tested as a minimum in
accordance with the ASME section VIII ‘Boiler and Pressure Vessel Code’
division 1, or with BS 5500, both supplemented with the requirements of these
‘Regulations’.

These vessels shall be installed either above grade in a mound of sand or instalied

7.2 Vessel volume

DMIE storage shall be of adequate capacity to receive the complete contents of one
DME tank truck. The volume of the vessel therefore shall be preferably equal to
the volume of a road tank truck pius 20%, with a maximum of 50 m’ and a
minimum of 20 m’. [Due to the fact that the energy contents of DME is lower than
the energy contents of LPG (see § 5.2) there might be a reason io enlarge the
storage vessels.|

A maximum of 2  vessels may be installed either mounded or underground in one
DME service station. The total vessel volume shall not be more than 100 m’. In
case two vessels are installed, both vessels shall have equal dimensions and the
vessels shall not be tnterconnected.

7.3 Design and test pressures

The design pressure shall be equal to the maximum vapour pressure of DME at an
ambient temperature of 323 K (50 °C) which amounts to approximately 11.5 barg.
The hydrostatic test pressure shall be 1.3x the design pressure = 15 barg.

Note:

In case of an ambient temperature of 253 K (- 20 °C) during wintertime the
pressure 1n the vessel decreases to approximately 120 kPa. Therefore, for this
situation no design pressure below atmospheric pressure has to be specified.
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7.4 Design temperatures

The maximum design temperatures shall be 323 K (50 °C) respectively. The
minimum design temperature depends on the local ambient conditions and/or the
requirements of the authorities having jurisdiction. In the Netherlands the
minimum design temperature amounts to 253 X (=20 °C).

7.5 Material

DME is incompatible with most elastomers. Therefore, DME storage vessels shall
be manufactured from a material which is DME resistant; carbon steel or low
alloy-steel, e.g. ASTM A-285C, A-515 GR.55 or 60, DIN 17155 H 1L or similar
material which must be suitable to meet the mechanical properties at the minimum
design temperature and be made in accordance with an officially accepted material
specification and made as described in the ISO (International Organisation for
Standardisation) standards ISO 2605 and 6303 and in the CEOC {Colloque
Européen des Organismes de Contréle) standards R25/CEOC/79, R2G/CEGC/T9
and R29/CEOC/83).

4 procedure for acceptance of manufacturers may be found inter ahia in the
following document of the CEOC (Colloque Européen des Organisines de
Contréle): R49/CEOC/83 Approval of manufacturers of fittings and flanges.

7.6 Design

The design of DME-storage vessels shall be at least in accordance one of the codes
specified in § 7.1 and as stated hereafter.

One general requirement with regard to the design is the type of materiai used for
the system. The parts of the system which come into contact with DMIE should be
DME resistant due to the fact DME attacks most elastomers.

A second requirement is that the systern should be designed to withstand the
maximum possible operating pressure within the system. [Ir is assumed that the
supplier of the equipment specifies the requirements of the equipment based on the
maximum operating conditions of the system. |

For the appurtenances as mentioned below the following complementary measures
should be taken.

7.6.1 Nozzies, manholes, vent openings

Fach vessel shall be provided with either two circular manholes or one manhole
and one vent opening which shall be located on top of the vessel at a maximum
distanice from each other. The vessel shall no¢ have any other openings or
connections except the discharge nozzle(s) of mounded storage vessels which may
be located in the front head,
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Manholes shail have an internal diameter (ID) of 600 rm; vent openings to have
an 11D of at least 150 mm.

7.6.2 Counections

LEach DMIY storage vessel shall be equipped with flanged connections {nozzies)
for:

a) one or more spring loaded safety valves;

b) a maximum ullage valve, mounted on a pipe with a buili-in restriction having
an LD. of max. 1.8 mm?® (based on a maximum nominal diameter of 1.5 mm),
the pipe has to be extended to the maximum allowable liquid level;

¢} alevel indicator (optional if the equipment mentioned under 1) provides level
mdication);

d) a manometer. (preferably combined with b) above);

¢} the discharge of liquid DME (Ohc or two nozzles);

D the filling of liquid DME;

g) a vapour return line from the dispensing colunn;

h) apump by-pass line;

1) an overfill protection/level control device.

Each connection must have a minimum nominal size of 50 mm except for pipe
connections having an opening of 1.8 mm” based on a nominal diameter of 1.5
mm. All connections (except the discharge nozzles of mounded storage vessels)
shall be Jocated on the manholes and/or vent opening, have a sufficient length to
protrude the sand cover on the outside of the vessel and be provided with a flange.

In case two vessels are mnstailed, their piping systems shall be kept fully separated.

7.6.3 Flanges

Alt nozzles shall have welding neck fianges, pressure rating PN 40, m accordance
with DIN 2635, BS-4504 or equivalent. Manholes and vent openings shall have
welding neck flanges PN 25 as per DIN 2634, BS-4504 or equivalent. All flanges
to be provided with a suitable facing to prevent blow-out such as ring type joint
facing, male/female facing as per DIN 2513 type R 13 (cover facing type V13);
raised face flanges are also acceptable when safe gaskets with steel rings are used.

Flange material: carbon steel C22 as per DIN 17200 or equivalent. All flanges
shall be through-bolted with stud bolts. (flanges with studs are not acceptable).

7.6.4 Bolting
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Flanged joints including manholes and vent opening covers shall be provided with
suitable stud bolts with a removabie nut on cach side. Bolis and nuts shall be
suitably protected against corrosion e.g. by molycote.

Buried flanged joints shall be additionally protected in their entirety by sealing
with coal tar or equivalent.

The above mentioned profection agamnst corrosion should be preferably DME
resistant.
7.6.5 Gaskets/Seals

A general requirement for all gaskets and scals is that these should be gastight.

The gaskets to be used shall be suitable for DME service. Gasket materials may be
selected from the following table.

Type of jomt Acceptable sealing material Remarks
Flanged Seal rings/gaskets made from Thickness of gaskets
DME-resistant material. Quality  not to exceed 3 mm.
11 400 or I, in accordance with  One ring/gasket only to

DIN 3754. be used.
Threaded DME-resistant non-indurafing Thread to be clean and
sealant free from grease. hemp
or similar filaments not
allowed.
Couplings with flat Sealing made from fibre or equal Do not use more than
sealing face DME-resistant material one ring.

Note:  Elastomers shall not be used as DMIS attacks most elastomers.

7.6.6 Supports
In case supports are applied, the supporting shali be designed to avoid high local

stresses in the vessel shell under the same weight conditions as specified for the
foundation in § 12.1.

7.6.7  Lifting hudge
On top of the vessel, two sturdy lifting lugs shall be provided which have (o be

symmetrically located with regard to the centre of gravity, Lifting and lowermg 1s
only allowed when the vessel is empty.

7.6.8 Name plate
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Fach DME storage vessel has to be provided with a monel or stainless steel name

plate, on which the following information shall be die-stamped:

- The registration number, aliocated by the Inspection Agency;

— The designated name of the vessel;

— The name of the product;

— The volume in m’;

—  The aliowable (net) filling volume;

— The allowable filling rate/percentage (1.e. 86 %0);

— The max. operating pressure in bar;

- The test pressure in bar;
The minimum and maximum allowable operating temperature in °C,

— The date of the latest acceptance test and test approvai stamp of the Inspection
Agency.

Furthermore the manufacturer’s name, address of his factory, year of fabrication
and the vessels' serial number should be shown on the name plate.

The name plate shail be visible when the vessel is installed in a mound and shail
be securely and irremovably attached on the vessel.

7.7 Welding

771 General

No production welding shail be commenced unnl:

~ Welding procedures have been accepted by the Inspection Agency.

— Welders performance qualification tests or welders/ welder machine operator's
qualifications have been approved by the Inspection Agency.

102 Welding procedure gualification

Welding shall only be carried out in accordance with qualified welding procedure
specifications prepared for each welding process, matenial and service condition,
e.g. ASME Section IX, BS 4870/4871 or any other internationatly accepted code.

713 Welders performance gualification test

Welder and welding machine operators shall pass performance qualification fests
in accordance with ASME Section IX, BS 4870/4871 or any other internationally
accepted code. Existing welder qualifications are acceptable, provided the
qualification is relevant to the welding to be carried-out. Welder/operator must
have successfully welded the previous six months.

7.7.4 Welding processes
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All welding shall be camied-out in accordance with ASME code Section VI,
division 1 or the BS 5500 code.

Details of head, shell and nozzle welds shall conform to US/IW-237-66
‘Recommended welded commections for pressure vessels” and HS/TW-487-75
‘Suitability grading’.

Tor recommended weld details reference is made 1o figure 7.1 ‘Welding details’ at
the end of this chapter.

7.8 Weld inspection

Inspection of the welds shall be carried-out prior to any painting, coating o
insulation. The welded joints shall be radiographically examined as required by the
ASMI code, Section VIII division 1, subsection B-part UW.

All mspections shall be performed under the direction of licensed operators,
qualified to the American Society of Non-destructive Testing (ASNT) Level II or
equivalent. Operators shall be employed by an independent inspection company {o
be approved by the Inspection Agency. The resuifs of such mspections shall be
submitted fo the Inspection Agency as part of the data report.

7.8 Hydrostatic Pressure testing

The DME storage vessel shall be subjected to a hydrostatic pressure test of 15 barg
being 1.3 x the design pressure (== 11.5 barg). The pressure shall be maintained for
not less than 12 hours and the test shall be carried-ous either in accordance with
the ASME code section VIII, div. 1 or the BS 5500 and the requirements of the
nspection Agency.

710 External Coating

To protect the vessels apainst external corrosion these vessels are provided with a
external coating. To avoid damage of this coating in case of a leakage, the external
coafing should be DME resistant.

[Ir is asswmed that the supplier of the external corrosion proteciion specifies the
iype of coating o be used, based on ihe requirement that the coating should be
DME resistant.]

Before the coating is applied the vesscls shall be externally cleaned by shot-
blasting.

Shot-blasting shall be effecied to a degree of cleanmess of Sa 2.5 in accordance
with Swedish Standard Specification SIS 055900 i.e. near white blast cleaning.

The surface of the vessel shall be mspected and approved prior to the application
of a coating system.
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Furthermore the correct appliance of the primer and the coating shall be checked in
addition to an inspection of the completely applied system {o ensure whether the
coating complics with the requirements in every respect.

7.11 Installation of vessel

The installation of storage vessels shall be performed by a qualified contractor.
Prior to covering the vessel{(s) in a mound, the external coating shall be visually
checked and damaged sections carcfully repaired. Finally the entire coated surface
shall be ingpected and spark-tested (holiday detector) by the Inspection Agency
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8. Vessel appurtenances and DME system ancillaries

8.1 General

Because of the properties of DME (e.g. DME attacks most elastomers} it is only
possible to equip DME siorage vessels and related systems with appurienances as
described hereafier. Basically these ancillaries are DME-resistant in spite of other
ancillaries and therefore no ancillaries shall be used of which make and type have
not been approved by the Inspection Apency. A list of ancillaries as approved by
the Dutch Stoomwezen is given in Appendix I as a guidance.

8.2 VYalves

8.2.1 {reneral

All valves shall be made from steel, nodular cast iron or malleable cast iron,
provided the material quality is suitable for DME service (DME resistant) and
meets the following mechanical properties:

clongation not less than 10% (measured on | = 5d) and with specified minimun:
charpy notch value of 27 joule (measured on a standard charpy notch bar) at a
temperature of 253 K (- 26°C) or ess.

All valves having a nomimai diameter of DN 50 (27) or smaller may have NPT
threaded connections except valves which are installed on the nozzles of DME
storage vessels i.e. on the nozzles for loading, discharge, pump by-pass and vapour
return. These valves and all valves over DN 50 (27) shall be flanged.

8.2.2 Valves on DME storage vessels

I and ouilet nozzles of each storage vessel shall be provided with flanged hand-
operated valves which may be either angle or straight through type ball, globe or
gate. No valves shall be installed in piping connecting safety valves, overfill
protection devices and level indicators/alarms.

3.2.3 Remote controlled valves

At the shortest possible distance of the hand-operated valves, remote-controlled
valves (either provided with air, gas or electrical operated actuators) shall be
mstalled in the filling, discharge, pump by-pass and vapour retum lines.

The remote-controlled valves have to be equipped with an open/closed position
mdicator. The valves must be “fail safe’ {.c. in case the actuating is interrupted, the
valves must close within 15 seconds. No manual operation shall be possibie other
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than with special tools which shall not be available to the operating personnel of
the DM service station,

Remote-coniro] shall be possible from at least two different places. Push-buttons
shall, as a minimum, be installed in the salesroom and af the dispensing arca.
Operation of these buttons shail de-energise the electrical cireuit and thus cause
closure of all remote-controlled vajves and stoppage of the purnps. Pump start shall
be impossible when the valves are closed.

The filling valve shall normally be closed. Opening of this valve shall only be
possible by connection of the bonding cable of the road tank truck with the cabinet
adjacent to the filling point and tuming the key-operated switch i this cabinet.
This also shalt connect the ESD systems of truck and station and thus enable de-
energising of the station's electrical circuit by operation of the truck’s push-buttons

as weil.

Al a differential pressure equal to the design pressure of the storage vessel (11.5
barg), the valves shall be casily operable and provide tight shut-off.

The remote controlled valves shall be ‘fire-safe”; ‘soft seated” ball valves shall
meet the requirements of BS 5146, Appendix A.

Note:
A “fire-safe’ valve is a valve which, by special construction or special protection,

remains tightly shut-off when exposed to fire. The manufacturer's specifications
for ‘fire-safe’ valves shall be followed in this respect.

8.2.4 Fyeess flow valves and check valves

Tiach connection of the DME storage vessel having an opening of more than 1.8
nm® (based on a maximum nominal diameter of 1.5 mm), has to be provided with
cither an excess flow valve or, if possible, with a check valve which shall be
installed inside the storage vessel. Only the internal piping of the safety valve and
the level instruments shatl not be provided with these devices.

Hence check valves shall be installed for the vessel filling and the pump relief
where as excess flow valves are provided on the vapour return and the discharge to

the pump(s).

[1t is assumed that the supplier of excess flow valves specifies the capacity of these
valves, based on the maximum operating conditions of the system. ]

8.2.5 Safety valves

Each vessel shall be provided with one or more spring loaded safety valves which
have to be inspected, stamped and sealed by the Inspection Agency.
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These safety valves shall be suitable for DMI service and be mounted on a nozzle
located in 2 manhole or vent opening cover of the vessel; if more than one safety
valve is required, these may be installed on a manifold which is connected with
this nozzle.

The set pressure of the safety valves shall be equal to the design pressure of the
storage vessel 1+ 10% = 12.7 barg (11.5 + 11.5x0.1). The total relief capacity of the

safety valves must at least be equal to Q=0.3 x 10.66 x A**.

where () = the capacity in m’ air/min.
Adr of 288 K. (15°C) at a pressure of 100 kPa.
and A = the external surface of the storage vessel concerned .

No valves, check valves, excess flow valves and the like shail be instalied neither
upstream nor downstream a safety valve. In case of additional safety valves being
instalied over and above the actual required number of safety valves, the valves
may be provided with isolating valves, provided that these isolating valves are
coupled in such a way that the required number of safety valves never can be shut-
off.

Fach safety valve shall be provided with a vertical blow-off pipe extending 2
meters above the top of mound.

Collapse of the blow-off pipe caused by excessive loads shall have no influence on
the satisfactorily functioning of the safety valve concerned. Provisions shall be
made to prevent rainwater to collect in the blow-off pipes {e.g. by using plastic
caps).

8.2.6 Pressure relief valves

Piping sections in which liquid can be blocked-in between iwo shut-off valves
must be protected against overpressure by pressure relief valves.

These pressure relief valves shall be installed ‘on the line’ and have sufficient
blow-off capacity based on the expansion of the DME. [Ir is assumed that the set

pressure for these valves is related 1o the maximum operating pressure of the
system and specified by the supplier of the safety valves.]

Blow-down of pressure relief valves shall be allowed only at well ventilated and
safe locations. Blow-down piping must not be provided with shut-off valves and
shall be protected against ingress of rainwater.

8.3 Level indication and overfill protection

The vessel shall be provided with three Jevel indicating and/or controlling devices:

86% ullage-valve
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This valve shall be instalied on a through manhole or vent opening inserted pipe
which has a built-in construction leaving a passage of 1.8 mm’ maximum (based
on a maximum nominal diameter of 1.5 mm). The internal part of the pipe shall
extend down to the maximum liquid fevel of the vessel {as shown on the name
plate).

Note:

If the maximum (86%) level has been reached, a white cloud will become visible
when opening the valve. The cloud is caused by condensing water vapour from the
air. Gaseous DME escapes colourless.

Level mdicator

A level gauge, e.g. 2 float-type level indicator, shall be installed of suitable
consiruction to meet the design pressure of the vessel. I DME is blown out at thag
pressure, the construction shail be such that not more DME can escape than can
pass a bore having a cross-sectional area of 1.8 mm® {based on a maximum
nominal diameter of 1.5 mm). The use of gauge glasses standpipes and/or ‘dip-

tubes’ is prohibited.

Overfill protection device
This device, an electronic measuring and control instrument, in fact serves a

multitude of purposes.

Tts most important function is closure of the remote-controlled valve in the filling

line, when the 86% liquid level has been reached. In this respect provisions shall

be made to prevent pressure surges,

In addition to overfill protection, the instrument shali:

~ cause stoppage of the dispensing pumps and closure of the remote-controlled
valves when a minimum liquid level in the vessel has been reached;

— provide for level indication in the weatherproof control cabinet in the vicinity of
the filling point;

~ provide for a pre-alarm, at the 81% liquid level in the same cabinet. This should
enable the driver to stop {illing m time.

. The instrument shall be fail-safe, e.g. at instrument failure filling of the vessel
shall be impossible.

The device shall be suitable for the design pressure of the vessel. An nstrument
that complies with the German TRbP 120 regulations or with some other
equivalent international standard will suffice in respect of the fail-safe
requIremernts.

8.4 Pressure and temperature indicators

The vessel shall be provided with a suitable pressure gauge, which is in direct
communication with the vapour space above the liquid level. A valve shall be
mounted between the vessel and the pressure gauge. This pressure gauge shall
preferably be combined with the pipe on which the ullage vaive has been mounted.
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The accuracy class of the pressure gauge shall be at least 2.5 (maximum deviation
2.5% from the full-scale end value).

If a vessel is provided with a thermometer, this instrument shall be mounted in
such a way that the temperature of the liquid is measured without any part of the
thermometer itself coming into contact with the liquid.

8.5 DME dispensing pups

8.5.1 General

Pumps shall be specially designed for pumping DME (due to the poor viscosity
and poor lubricity of DME) and be made cither from cast sieel or from cast iron
(nodular or malleable) which shail meet the mechanical properties as specified for
valves under § 8.2.1. They shall be provided with an overflow /relief valve to
protect the pump casing from overpressure when pumping against a closed
discharge. This by-pass valve shall discharge back into the DME storage vessel at
a pre-determined set pressure, selected in relation with the pump curve,

The valve shall be of sufficient capacity to handle the maximum pump flow at this
Pressure.

The maxinum differential pressure of the pump (shut-in pressure) shall be taken as
10 bar as a maximun.

The design pressure of the pump shall be at least equal to the design pressure of
the piping system, which is /hold] barg. [The design pressure of the piping should
be related to the maximum operating pressure of the system. ]

The connection between pump and piping shall be such that unacceptable
mechanical stresses can not occur, e.g. by usage of flexible steel joints, of a type
which meets the approval of the Inspection Agency. Elastomers are not acceptable
(as PME attacks most elastomers); the material used for this conmection should be
DME resistant.

Fxcept for submerged pumps, dispensing pumps shall be placed in the open air,
under a sunshade, the distance from pump centre to the horizontal projection of the
vessel shall be as short as possible,

Pump and motor shall be effectively earthed.

8.5.2 Submerged puimps

Reference is made to figure 8.1 “Typical submerged pump arrangement’.

In case a submerged pump is applied, the following shall be adhered to i addition
io the stipulations given in § 8.5.1 before.

) The design shall be such as to prevent imposing any unaccepiabic loads on
the vessel. Such loads might be caused by the weight of the various parts
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and/or by forces due to operation of the pump including its starting and
stopping but also by vibration.

h) It must be possible to install and remove submerged pumps at any conditions,
i.e. when the storage vessel is either empty or {parily) filled.

This implies in principle that the pump is installed in a pump well which can
be isolated from the vessel and whose cover flange can be removed also in
case the vessel is filled, On the well itseif a purge connection shall be
provided for the supply of nitrogen having an opening of not more than 1.8
mm’ (based on a maximum nominal diameter of 1.5 mm). The pump well
shall be designed to withstand an external pressure equal to the vapour
pressure of DME at 50°C (= 15 barg) and an internal pressure equal to this
same pressure plus 3 bar (= 18 barg). /It is assumed thal the design of the
pump is based on the maximum operating pressure of the sysitem and that the
supplier specifies the requirements jfor this pump. |

The piping connections located on the well cover shall allow for easy removal
of the cover plate.

¢} All piping connections on the well cover having an opening exceeding 1.8
mm’ (based on a maximum nominal diameter of 1.5 mm) shall be provided
with an excess flow valve inside the vessel. The excess flow valves shall have
a capacity of 1.5 times of the maximum flow during normal operation; [I¢ is
assumed that the maximum capacity of the excess flow valve for the pump-
inlet is specified by the supplier and related to the maximum operaiing
conditions of the sysiem.]

Only those piping connections as mentioned under e} below do not need
excess flow valves.

d) Provisions shall be made as to ensure that only a very small amount of DME
can escape when dismounting a pump from a filled DME storage vessel. This
means in principle, that the DME being present inside the pump and i the
pump well is pushed back into the DME storage vessel by means of nitrogen
(It should be noticed that CO, is highly soluble in DME and therefore CO,
should not be used for purging the system).

Prior to removing the cover plate of the pump well, it must be checked
whether the connection between the pump well and the storage vessel (e.g. a
ball valve) is properly closed and provides a gastight shui-off.

¢} All connections should be located on the cover plate of the pump well; these
commections comprise:

1. conduits for electric power;
2. conduits for control or safety piping (e.g. hydraulic oil or nitrogen);

3. conduits for valve siem extensions;

4. conduits for pump shafts.
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Provisions shall be made on all conduits in such a way that in case a
connection breaks, no part of it located inside the vessel can be forced through
the conduit to the outside and that no DME can escape.

The conduit for the electrical power cable in the cover plate of the pump well
shall be iocated on the inside of the weil and shall not consist of a direct cable
conduit with a sealing against heat,

The applied type of conduits (e.g. pins moulded in plastic plate) shall be duly
approved by an inspection agency of the Huropean Community specialised on
electrical safety; the conduit shall be suitable for hazardous area's zone O (see
§ 10.1). :

The conducted control tubing and safety piping connections shail be made
from alloyed or carbon steel and shall be fully circumferential welded to the
cover plate on both sides of the piate.

It has to be ensured that no DME can escape in case a pipe connection breaks
mside the DME vessel.

£} Conirol rods may only rotate.

They have to be provided with a suitable seal to stop a possible leakage.

g} Seals of rotating shafts shall have provisions o stop possible leakage. This may
be achieved by means of the valve between the vessel and the pump well. In
case two seals are installed in series, a farlure of the firsi seal has o be
indicated.

) The electrical mstaliation has to conform to the CENELEC standards 50014
through 50020. All electrical equipment tocated on or inside the storage vessel
shall be earthed. The earthed parts of the pump, motor and discharge piping
have to be carefully clectrically isolated from the vessel.

The entire electrical installaiion inside the pump weil (inotor, cables, conduits)
shall be DME-resistant and be suitable for the following possible temperatures
and pressures. 253 K (-20°C) to 323 K (+ 50°C); 15 barg (= test pressure).

8.6 Dispensing columas

The dispensing colunmms shall be speeially designed for DMIE service and may
contain either one or two filling units per column.

The enclosure of the delivery unit(s) shall be provided, both at the bottom and at
the top, with two ventilation openings situated opposite each other.

The total cross-sectional area of the openings shall not be less than 50 cm”.

A push-button shall be fitted on each delivery unit and be so arranged that delivery
of DME can only be achieved by pressing the push-button. This push-button may
exclusively be hand-operated. Failure of pressure on the butten shall stop delivery
of DME autemaltically and instantly (dead man's button).

The hose of a delivery unit:
a. snall not be longer than 5 m, but shall be at least 3 my;
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b. shali be resistant to DME and of an approved type;

c. [t is assumed that the supplier of the hose specifies the effective bursting
pressure of this hose. [

d. shall be provided at the end with a nozzle with valve of a type approved by the
Inspection Agency, which can only be opened when or after the hose is
comected to the receiving fuel tank of the motor vehicle and which before or
on disconnecting the hose closes automatically and instantly;

e. shall be provided with a breal-coupling of an approved type.

The hguid line for delivery of DME shall at the bottom of the dispensing unit be
provided with an excess flow valve with a capacity of at most [hold, see also §
8.2.4] Umin.

The vapour return line of the dispensing unit shali at the botiom of the dispensing
unit be provided with a check valve or an excess flow valve. If an excess flow
valve is applied, the capacity shall be at most fhold] kg vapour per minute. /7t is
assumed that the capacity of the excess flow valve (in kg vapour per minute} is
specified by the supplier and related to the maximum operating condifions of the
system. ]

8.7 Fiiling point assembly

To avoid delivery of the wrong product the hose connection for DME should be
unigue.

To supply a service station with DME, the hose of a road tank truck shall be
connected to a hose coupling located at the filling nozzle of the station. This hose
coupling shall be provided with a cap or blind flange by which the nozzle can be
closed when not in use.

To shut-off the filling piping, immediately downsiream of the hose coupling a
valve shall be installed followed by a check valve to prevent back flow. At the
filling nozzle an earthing lug is provided to enable bonding of the road tank truck.
To enable blow-off of the hose and the piping upstream of the shut-off valve upon
termination of the filling operation, a blow-off valve shall be installed, which has
to be provided with a blow-off pipe extending 3 meters above grade and suitably
protected against ingress of rainwater. [If is assumed that the maximum
permissible quantity of DME which may be blown-off on each occasion is
specified by the supplier of the blow-off valve. ]

The entire {illing nozzle assembly with the coupling, valves and carthing lug shall
be suitably supported and be installed in a suitable and lockable enclosure. The
hose coupling shall be installed at at least 50 cm above grade to facilitate easy
handiing of the hose of the tank truck.

A weatherproof control cabinet shall be installed at 5 metres distance from the
filling point. This cabinet shall contain: a level indicator, a pre-alarm to indicate
the 81% level, a key operated switch to actuate the remote-controlled valve in the
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filling line and a receptacle for the truck's ESD-system and earthing connection
cable,

The earthing lug at the filling point shall be connected with this receptacle. The
connecting wiring shall be suitably protected.

A vapour-return line shall not be used for filling of the vessel.
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9. Requirements for DME piping
In this chapter the requirements are given for the design, fabrication, inspection
and testing of piping containing liquid and/or gaseous DME.
9.1 Desion Code/Regulations

DME containing piping is subjected to the inspection and acceptance of the
Inspection Agency.

The piping shall be designed, fabricated, installed, tested and inspected in

accordance with ANSIASME B31.3: ‘Chemical Plant and Petroleum refinery
Piping’ and as stated in these ‘Regulations’

9.2 Pressures

[It is assumed that the design pressure for piping is related lo ihe maximum
operating pressure of the sysiem and specified by the supplier.] The pneumatic
test pressure shall be equal to the design pressure.

9.3 Design temperature

The maximum design temperature s 323 I (+50°C).

The minimum design temperature depends on the local ambient conditions and/or
the requirements of the authorities having jurisdiction. In the Netherlands the
minimum design temperature is 253 K (-20°C).

9.4 Material

Due to the propertics of DME (e.g. DME attacks most elastomers) the material
used for pipe, fittings and flanges shall be low carben steel or low-zlloy steel,
suitable to meet the design temperatures and made in accordance with an officially

accepted material specification as described in the ISO documents 2634 and 2635.

The carbon content for all materials shall not exceed 0.23%.

Furthermore the material used should be designed to withstand the maximum
possible operating pressure withm the system.

9.4.1 Pipe
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Pipe shall be seamless and have plain ends, dimensions as per DIN 2448 or BS

3660.

For buried and above grade piping the foilowing materials are acceptable:

_ ASTM A-106 grade B, for nominal pipe size up to 1172 (DN 40);

— ASTM A-106 grade B with ASTM A-520. for nom. pipe size (DN 50) or
above;

~ RSt 35.1 according DIN 1629, all sizes.

64,2  Fittings

Butt-welded forged seamless steel fittings, dimensions as per BS-1640 or DIN
2615 (tees) , DIN 2605 (Eibows) , DIN 26106 (reducers) and DIN 2617 {caps).

Threaded forged seamless sieel fittings, dimensions as per BS-3799 or DIN 2980,
provided with American National Pipe Taper Thread (NPT). Acceptable material:
ASTM A-234 WPS RSt 35.1 according DIN 1625.

9.4.3 Flanges

Forged steel welding neck flanges made from C22 material according DN 17200,
ASTM A-105 or equivalent, having a pressure rating PN-40. Welding neck flanges
as per DIN 2635, BS-4504 or equal, are acceptable. Facings should be according
DIN 2513 type R13 (cover facing type V13) as described previousty n § 7.0.2,
however raised face flanges are also allowed (IDIN 2526 form C or equal).

9.4.4 Bolting

Reference is made to § 7.6.3.

§.4.5 Caskets and seals

Reference is made to § 7.6.4.

9.5 Design

For the DME containing piping including related piping components and

anciliaries, the following shall be observed:

— The entire piping system, including the appurtenances shatl, where possible, be
constructed with welded joints and, where necessary, with flanged joints.
The number of flanged joints shail be kept down to a minimum, while welding-
neck flanges only may be applied.

. Piping and appurtenances with 2 nominal diameter of at most DIN 50 may he

joined with a tapered thread according the American National Pipe Taper
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(NPT) , but shall preferably be welded or provided with flanged joints. The use
of pipe clamps is only permitted for dispensing columns.
Buried piping shall exclusively be welded throughout.

~ Piping shall be adequately supported; special aitention should be given to pipe
sections with threaded connections.

- In case the piping system and/or the storage vessel is provided with cathodic
protection isolation joints shall be installed at those locations where above
ground piping changes to buried installation.

Furthermore it is recommended to have the buried and the above grade piping
connected with flanges. This will allow easy removal of the above grade piping
to non-hazardous areas in case of repair (welding).

— The piping and appurtenances shall be effectively protected on the outside
against corrosion. It is advisable to use an external coating which is DME

resistant.

Ruried piping shall be installed at sufficient depth to be able to withstand likely
mechanical loads. The depth shall be at least 6.6 m. The piping shall be
embedded by a layer of clean sand of at least 0.1 metres. Stenes and other hard
objects shall be removed from this sand.

The nominal diameter of vapour lines shall be at least DN 20 (outside diameter
26.9 mm). The nominal diameter of & liquid line between the vessel and the
delivery point shall be at least DN 25 (outside diameter 33.7 mm) and that of
the liquid line between filling point and vessel at least DN 40 (outside diameter
48.3 mm). Lines may not be laid under buildings.

The content of a liquid line shail be less than 0.2 m’.

----- The exact location of buried DME-piping outside the boundaries of a service
station shall be indicated by markers. Furthermore a continuous yellow marking
tape shall be installed above the buried pipes at approximately 0.3 m below
grade. The tape shall be made of a tough material to prevent tearing when dug-
up.

4.6 Fabrication

The fabrication and installation of the DME piping and related facilities, including
the installation of the storage vessels, shall be carried out by a qualified confractor.
Upon termination of the instalfation, this qualified contractor shali provide a
complete set of ‘as built’ instatlation drawings; ¢ach document stamped ‘as-built’,
dated and duly signed.

9.6.1 Altgnment

Before alignment and fit-up, the inside of each pipe component shall be checked
for foreign material and thoroughly cleaned. Due to the {fact that explosive
reactions take place in the presence of oxidisers, oxygen and peroxide one should
guarantee that no such substances will remain in the system after cleaning.
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Pipe and fittings which have been damaged or found to have defects shall not be
used. Minor surface marks may be dressed providing that the minimum wall
thickness (nominal wall thickness less tolerance) is maintained.

9.6.2 Bevelling

¥nd profites of pipes and fittings to be butt-welded shall be in accordance with the
figure 7.1: “Welding Details” shown in chapter 7.

Bevelling is not required when a make-up length is provided.

Pipes for socket weld joints shall be cut square.

9.6.3 Welding spacing

For buti-welding of all piping components, pipe ends, fitting and welding neck
flanges a uniform root opening of approximately 1.5 mm 15 required for piping up
to including DN 40 and 1.5 mm - 3.0 mm for piping DN 50 and more.

9.7 Welding

9.7.1 General

No production welding shall be commenced until:

~ Welding procedures and welders performance tests have been qualified in
accordance with the applicable welding code and the regulations of the
inspection Agency.

~ Welder performance qualifications have been approved by the Inspection
Agency.

9.7.2 Welding procedure gualification

Welding shall only be carried out in accordance with qualified welding procedure
specifications prepared for cach welding process, material and service condition,
e.g. ASME Section IX, BS 4870/4871 or any other iniernationally accepted code.
9.7.3 Welders performance qualification test

Welders shall pass a performance qualification test in accordance with ASME

Section [X, BS 4870/4871 or any other internationally accepted code. Existing
welder qualifications are acceptable, provided the qualification is relevant to the
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welding to be carried-out. Welders must have successfully welded the previous six
months.

8,74 Welder identification

Fach welder shall be issued with an 1dentification card and an identification
symbol. Each weld performed shall be marked with the identification symbol using
chloride free paint stenciiling,.

9.7.5 Welding processes

All welding shall be carried-out in accordance with ANSIB 31.3 unless noted
otherwise.

2.8 Weld inspection

Inspection of welds shall be carried out prior to any painting, coating or insulation
and be carried-out in accordance with ASME/ANSI B 31.3 and as further specified
herein. Any weld shall be inspected over its full (circumferential) length.

Radiographic examination shall be performed in accordance with section HS/TIW-
492.75 ‘Recommended practice for radiographic mspection of fusion-welded
circumferential joints in steel pipes from 1 mm up to 50 mm wall thickness class
B

All inspections shall be performed under the direction of licensed operators,
qualified to the American Society of Non-destructive Testing (ASNT) Level IT or
cquivalent. Operators shall be employed by an independent inspection company to
be approved by the Inspection Agency. The results of such ingpections shall be
submitted to the Inspection Agency.

Acceptance criteria of welds shall be in accordance with ANSI B 31.3, table
327.4.1A ‘Limitations on imperfections in welds’.

9.9 Pressure testing
The requirements of ANSIB 31.3 are suppleiented as {ollows:

[t is assumed that the supplier of equipmment specifies the pnewmaltic pressure by
means of nitrogen ai which the DME piping system in iIs enlirety shall be
subjected to, based on the maximum operating pressure of the system.] The test
shall be attended by the Inspection Agency. Safety valves and pressure relief
valves have to be temporarily removed prior to the testing.
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After a period of approximately 10 minutes to equalise the temperature, the
pressure in the system should not decrease for a continuous period of not less than
20 minutes. During the observation/test the connection with the source supplying
nitrogen must be disconnected. All joints, welds and connections shall be
‘swabbed’ (soap tested) with a suitable leak detection solution. Test pressure shall
be measured using precision pressure gauges and be recorded with a pressure
recorder.

After the pressure test, the safety and pressure relief valves shall be re-instailed.
During start-up of the DME facilities, the connections of these valves have {0 be
‘swabbed” as well.

All test records shall be properly noted and forwarded to the Inspection Agency.

9.1¢ Testing of the insulation joints

I[nsulation shall be dielectric tested by means of an ohmmeter having an internal
movement of 20,600 Ohms/Volt (flanges to be tested after hydrostatic pressure
testing) . The ohmmeter shall register a resistance of minimum 100 kOhm.

9.11 Painting and Coating

For external coating of piping it is advisable to use a coating which 1s DMLE
resistant.

9.11.1  External coating of buried piping

Buried piping shall be adequately protected against external corrosion by using a
external coating which is DME resistant. /It is assumed that the supplier of
external corrosion proteciors specifies the fype of coating to be used, based on the
requirement that the coating should be DME-resistant.]

Before the coating is applied the piping shall be externally cleaned by shot-
blasting or pickling.

Shoi-biasting shall be effected to a degree of cleanness of Sa 2.5 in accordance
with Swedish Standard -Specification SIS 055900 i.e. near white blast cleaning.
Pickling shall be carried-out in accordance with the American SSPC-5P8 (Steel
Structure Painting Council), supplemented by the requirements as stated in § 9.12.

9.11.2  Painting of above ground piping

All piping and appurtenances located above ground shall be suitably protected
against corrosion by painting. The top coat of this painting shall be silver white or
a similar heat refiecting colour. The hand wheels of the block valves on the filling,
vapour return, dispensing and pump by-pass piping shall be painted red.
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9.12 Pickling

6,121 Geperal instructions

It is essential that all dust, grease and oil be removed from the pipe surface before
starting the pickling process.

It is recommended, for economic reasons, aiso to remove rust and loose mill scale
before pickling. This may be done with sieel brushes.

Only clean fresh water e.g. tap-water shall be used for preparation of the pickiing
baths.

Throughout the pickling process, including rinsing, the pipes shall be kept
separated from each other, e.g. by usage of steel chains.

To avoid carry-over of acid or water remnants from one bath to the next, the pipe
material shall be drained above the first bath and be left to drip before transport to
the next bath.

As soon as the contamination limits have been reached, or when the amount of
sediments in the baths hampers the pickling process or contaminates the pipe
material, the baths shall be refilled with fresh pickling fluids.

Pickling time shall be kept as short as possible, that is: no longer than required to
produce the desired degree of cleanness. Excessive pickling fimes cause
detoriation of the welding properties of the material.

Pickling sometimes is followed by a passivation step. This however is not essential
and has been shown to have an adverse effect on the quality of coating, especially
in cases where cathodic protection is applied. Therefore only pickling processes
without passivation are described.

9.12.2  Pickling with hydrochleric acid (HCl) without passivating

The pickling bath shall be filled with hydrochloric acid with a concentration of 5 -
20% (wt) (approximately 55 - 220 gr/l).

Inhibitor shall be added to the acid to prevent undue attack on the steel as well as
hiydrogen brittleness. The amount of inhibitor shall be sufficient to ensure that the
loss of pipe material, measured with reference plates, will not exceed 2,5 g/m’
during a 30 minutes immersion time of the pipe.

The pickiing bath shali normally be kept at room temperature; hardly any pickling
will oceur at temperatures under the 6°C, while above 306°C vapour formation

takes place which causes hindrance to personnel.

The tevel of dissolved iron in the pickling acid must not exceed 106 g/1.
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The pickiing shall be considered completed when all the rust and mill scale 1s
removed.

After pickling the pipes shall be washed and rinsed in a washing arca. Because
normal rinsing will not remove sediments which may still be present on the
material surface it may be necessary to first spray the pipes inside and out with a
high pressure water jet.

After rinsing the pipes shall be washed by dipping in a water bath for at least 5
minutes, with up and down movements, and taking them in-between at least once
completely out of the water. A furbulent flow of water should be provided.

The flow iry, or the periodical refreshment of, the water bath shall be such that the
concentration of free acid will not exceed 0.75 g/1.

Following this washing step the pipe shall be dipped in a water bath with a
temperature of at least 70°C. The pipe shall reyvain immersed in the hot water bath
for at least 30 sec.

The periodical refreshment of the hot water bath shall be such that the
conceniration of free acid will not excead 0.20 g/1.

After pickling and washing the pipes shall be dried in the open air, using the heat
from the last washing process, or when quicker drying is required by ventilating
with warm, oil free, dry air.

The pipes shall only be stacked when they are completely dry.

9.12.3  Piclkding with suiphuric acid (H;SC,) without passivating

The process is essentially the same as for pickling with hydrochloric acid. Some

parameters differ however, as follows:

~ The pickiing bath shall be filled with sulphuric acid having a conceniration of
5-25% (wi) , which is approximatety 59-295 mg/1.

~ ‘The temperature of the bath shall preferably be kept between 50°C and 65°C.

~ The periodical refreshment of the water in: the first water bath shall be such that
the concentration of free acid will not exceed 0.25 g/1.

— The periodical refreshment of the water in the second (hot) water bath shali be
such that the concentration of free acid will not exceed 0.10 g/1.
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10. Electrical requirements

Reference is made to figure 10.1: ‘Hazardous arca classification’ at the end of this
chapter.,

161 Hazardous area classification

Areas of an installation shall be classified into danger zones, depending on the
likelihood of explosive gas/air mixture occurrences. The following classification
shall be used:

lengthy periods of time.

Zone 1 :

operating conditions.

Zone 2:
An area where as explosive gasfair mixture will not likely occur or, if it should
oceur, this will only be for a short period of time.

Non-hazardous area;

An area where explosive gas/air mixtures are not expected to oceur either in such
quantities or during such a period, that special precautionary measures arc required
for electrical equipment.

Around the major equipment of the installation and the connected piping
occasionally small quantities will cscape. Such leakages arc considered as
secondary sources of hazard.

16.2 Axea zoning

The area zoning in compliance with the above classification shall be as follows:

----- Electrical equipment directly connected with the storage vessel: zone 0.

- Flectrical equipment instalied within 5 metres, honzentally and vertically, from
the horizontal projection of the vessel with appurtenances and the filling point
of the vessel: zone 2.

~ Flectrical equipment installed within 5 metres, horizontally and vertically from
the block valve of the filling point: zone 2.

- Electrical equipment installed inside the dispensing cotumn: zone 1.
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— Flectrical equipment instalied horizontally within the distance formed by hosc
Jength pius 2 metres and vertically 2 metres above grade around the dispensing
column and 1 metre above the dispensing column: zone 2.

Note:  If the electrical installation of dispensing columns for gasoline and diesel
fuel does not comply with the regulations in force for zone 2, the distance
between a dispensing column for DME and those for the other fuels shali
be at least 5 mefres.

10.3  Rlectrical equipment

Inn zones 0, 1 and 2 explosion proof electrical equipment shall be applied, which
complies with CENELEC standards 50014 up fo 50020.

fn zone 0 the equipment shall meet EEX--1LA-T2, in zone 1 the equipment shali
meet BEEX-d-IIA-T2, in zone 2 the equipment shall meet FEX.-e-HA-T2.

Pumps and motors shall be effectively earthed.

Motors shall be provided with a thermal protection device.

A contactor-starter shall be installed near all motors. The purpose and the
switching positions shall be clearly indicated on or near cach contactor-starter.

10.4 Electrical appliances

The use of transportable clectric cables and transportable electrical appliances 1s
not permitted in the danger zones, with the exception of hand-lamps with own
power source and approved by the Inspection Agency.

No heated objects with a surface terperature in excess of a temperature cqual 10
the auto-ignition temperature (zone 1 and 2) respectively 80% of the auto-ignition
temperature (zone 0) or open flames may be present in these zones. The electrical
installation within the explosion hazardous zone shall be capable of being
switched off in all poles and phases by means of one or more circuit breakers
located in a non-hazardous area,

The entire electrical installation shall comply with the mstallation requirements of
standard IEC HID 384.

10.5 {Humination

Only electrical lighting is permitted. The use of sodium lighting m or near an
explosion-hazardous area is strictly prohibited.

The complete installation shall be sufficienily illuminated to maintain a general
overview during the dark hours. Especially at the filling point and around the
dispensing arca sufficient lighting shall be installed to enable safe product
handling.
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14.6 Karthing

The fitling point shall be earthed, whereby the earthing resistance shall be less
than [hold] Ohm. [It is assuned that the supplier of the equipment specifies the
required earthing resistance. The same applies for the elecirical resistance
between earthing lug and jilling point.]

The earthing Iug shall be connected 1o the receptacle of the truck's bonding cablc
in the cabinet adjacent to the filling point, {o ensure equi-potential between truck
and filling point during unioading.

The filling point shall be elecirically insulated from buried piping 1o avoid current
loss of the cathodic protection. The insulating joints shall have a resistance of at
least [hold] Ohm. [It is assumed that the supplier of the equipment specifies the
required earthing resistance.]

The dispensing colunns and dispensing pumps shall also be carthed.

10.7 Cathodic protection

Cathodic protection of the installation will be required unless the specific
resistivity of the soil at the installation area is in excess of 100 Ohm/m. This
should be established by an acknowledged expert in this field in accordance with
NPR 6912 ‘Cathodic Protection’ or a similar standard.

The need to apply cathodic protection could also arise when the sand used to cover
the storage vessel has insufficient specific electrical resistivity.

It is recommended however to apply cathodic protection onty where the specific
resistivity of the soil would render this necessary.

If required, the cathodic protection shall constantly provide to the entire surface a
potential of -850 mV or a more negative value, referred to a Cu-CuS0;, reference
cell. In anacrobic soils a potential of -950 mV is essential.

Measurement of the soil resistivity shall be by the soil-box method and shall not
take place under exceptionally dry soil conditions. T he resistivity shall be
measured at least down to the lowest level of the installation, i.e. the buried piping.
[n cases where stray currents are likely to ocour, for instance in the vicinity of
high-voltage lines and of electric railways and tramways, it shall be ascertained
whether these stray currents are likely to have an adverse influence on the parts of
the installation to be cathodically protecied. If necessary, supplementary measures
shall be taken in consultation with an expert in this field.

The parts of the installation to be cathodically protected shail be clectricaily
insulated from carthed objects. The clectrical resistance of the insulators used for
this purpose, measured above-ground, shall be at least 100,000 Ohms.

The measuring point of the cathodic protection in the form of a measuring post or
above-ground measuring box.

The cathodic protection instatlation shall be checked for proper functioning before
it is taken into use and subsequently at least once a year.
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The findings of the inspection shail be submitied to the Inspection Agency.
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11, Special safety measures

11.1 Safety signs

A notice reading ‘NO SMOKING OR OPEN FIRE’ in letfers of at least 50 mm
high or a corresponding safety sign in accordance with standard ISO/DLS 3864
‘Safety colours and Safety signs’ shall be clearly mounted on each side of the
fencing around the mounded vessel as well as near the DME filling point.

Each dispensing column shall be provided with a notice in letters of at least 50 mm
high reading ‘STOP MOTOR, NO SMOKING OR OPEN FIRE, MAXIMUM
FILLING 86%’.

i1.2 Five-fighting equipment

A portable powder extinguisher with a charge of 7 kg exfinguishing powder shall
be present at cach pumping island and in the salesroom. The extinguisher shall be
readily accessible and available for immediate use at all times. The extinguisher
shall be examined by an expert for proper functioning at least once a year.

11.3 Supervised self-filling by customers

In case of supervised self-filting the following regulation shall apply:

— The supervisor shall be in a position at all times to supervise the delivery of
DME from the place where the push-button control of the remote-controlled
valves is installed.

- Delivery of DME shall only be possible after the supervisor has ‘released’ the
delivery apparatus.

~ During delivery of DME to the motor vehicle the supervisor shall be in the
place where the push-butlon control of the remote-controlled valves can be
operated at all times.

- A clearly legible instruction for filling the motor vehicle shall be provided on or
near the dispensing colums. This instruction must preferably be elucidated with
illustrations.

— Provisions shall be available which, during delivery of DME, enable the
supervisor, if necessary, to give verbal instructions to the person operating the
delivery apparatus,
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12. Civil work requirements

12.1 Founndation of storage vessel

Depending on bearing capacity of the subsoil the storage vessel may directly be
placed in a prepared sand bed or be installed with saddles on a continuous,
reinforced concrete foundation plate.

If placed directly on a sand bed the thickness of the artificial sand layer between
the Jowest point of the vessel and normal ground level shall be at least 0.3 metres.
In case of a concrete foundation this layer shall be 0.2 metres minimum.

For calculations on the bearing capacity of the foundation the following factors

shall be taken info account:

- weight of the empty vessel, including appurienances, stiffeners, saddles,
coating, inspection platforms and staircase;

~ life load (personnet} on the platform;

— 1oad due to snow or ice-layers (1f applicable);

~ weight of connected piping;

— weight of a 100% water fil! (testing condition).

The foundation requirements shall be given careful attention. The concrete slab
shall provide sufficient stiffeners to ensure a uniform subsoil load, as unequal
settiements or sagging of the vessel by subsidence of the subsoil may lead to
unacceptable material stresses, damaging of the coating and/or the loss of cathodic
protection.

12.2 Moumnd

The mound of the storage vessel shall be formed of clean sand from which sharp
objects and stones of more than 3 mm diameter have been removed. To pratect the
sand mound from erosion, sliding off or from being damaged in any other way the
mound shall be covered with a layer of tiles. Clay, silt or peat containing filling
shail not be used as vegetation could grow, the roots of which might damage the
coating of the vessel. For the same reason all vegetation in the direct vicimty of the
mound shall be removed.

The minimum soil cover of the mound shall be as follows:

~ 0.2 or 0.3 metres sand layer underneath the vessel, depending on the foundation
(see § 12.1 above).

— 0.3 metres on top of the vessel.

— 0.2 metres on top of the manhole.

~ 0.3 metres on the sides, the sides shall have a regular slope, except for the side
where the pumps are instalied. On this side a straight vertical wall may be

constructed.
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The bottom layer shall be stabilised by tampering and water flooding,.

12.3 Underground installed vessel

A buried storage vessel shall be fully embedded in 0.3 metres of clean sand from
which sharp objects and stones of more than 3 mm have been removed. The
covering soil has to be protected from erosion or any other damage by a layer of
tiles. Clay, silt or peat containing filiing shall not be used as vegetation could
grow, whose roots might damage the coating of the vessel. For the same reason all
vegetation in the direct vicinity of the underground storage vessel(s) shall be
removed.

The minimum requirements for the embedding of an underground storage vessel
are as follows:
0.2 or 0.3 metres sand layer underncath the vessel, depending on the foundation
(see 12.1 above);
This bottom layer shall be stabilised by tampering and water flooding,.
— 0.3 metres on top of the vessel as a minimum; the thickness actually is dictated
by the requirement of having a layer of:
— 0.2 metres on top of the manhole covers.
— 0.3 metres around the vessel.

The vessel has to be protected against buoyancy and setting in such a way that the
vessel coating cannot be damaged and the cathodic protection system - if present -
will remain undisturbed.

In case a concrete slab is placed on top of the vessel to prevent buoyancy, the
thickness of this plate may be deducted from the required thickness of the sand
cover (i.e. 0.3 metres) but the remaining sand layer shall not be less than €. 2
metres). The top of the concrete slab may be instalied at grade; thus no tiles will be
required.

124 Drainage

The drainage facilities of the service station and surrounding arca shall be such
{hat even during heavy rainfall the water tabie in the mound will not raise above

grade.

12.5 Hire-resistance

The salesroom and other buildings related to a DME service station shall be
designed in accordance with the building codes and standards and the requirements
of the authorities having jurisdiction. It should be noticed that the firc-resistance
propertics of the materials to be used may have an impact on the lay-out and the
safety of the DME service station in its entirety.
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The fireresistance of materials shall be determined in accordance with 1S0-
specifications 834, 3008 and 36G09.

Walls, floors and ceilings required to meet certain fire-resistance requirements
shall not be effected by any connection to other constructional parts, passages for
cables, conduits and ducts.

Doors and hatches in walls, floors and ceilings, which are required to meet fire-
resistance requirements, shall possess fireproof qualities corresponding to those of
the wall, floor or ceiling in which they arc installed, or else have no adverse effect
on the said qualitics. Doors and hatches having a fireproofing function shall,
except for the instant passage of persons or goods, be ¢losed and only be kept in an
open position by means of special devices which close these doors and hatches
automatically in a situation requiring their fire-resistance performance.

Doors and hatches in escape ways shail have provisions to open them from the
inside.

Ventilation and air-heating ducts, as well as ventilation openings or ventilation
gratings shall, at the point where they pass through walls, floors or ceilings, which
are required to meet fire~resistance requirements, be provided with an effective fire
valve, unless such ducts are designed to meet the fire proof requirements. The fire
valve shall close automatically as soon as a situation arises in which this is
required to meet these requirements.

Windows and light openings in walls and ceilings, which are required to meet fire-
resistance requirements shall be secured and meet {ire-resistance requirements
corresponding to those imposed for the wall or the ceiling in which they are
instailed.

The following average data may give an indication about fire resistance of various
construction materials:

Minerals in principle do not burn. The fire-resistance of walls etc. made from
concrete, brick, glass wool, gypsum ete. depends largely on their thickness.

A 110 mm brick wall has a fire-resistance of about 150 min, a 125 mm thick
gypsum sandwich type wall filled with glass wool has a fire-resistance of about 80
minutes. A 200 mm thick wall made of air expanded concrete blocks may even
have a fire-resistance of 6 hours.

Standard window glass panes have hardly any fire-resistance since they burst;
wired glass and the like give much better resistance values.

A standard wooden door, sandwich construction, inside chipboard, will have a fire
resistance of approximately 30 minutes.
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3. Inspection and approvals

13.1 General procedure

The Inspection Agency will carry-out the inspection in the following sequence:

— Design supervision.
Fabrication of vessels and piping shall not start unless the design has been
approved.

— Fabrication supervision.
Supervision of manufacturer's construction activities.

~ Testing and accepiance of individual components of a DME system.
Vessels, appurtenances, piping components and ancillaries must be
approved/accepted prior to being incorporated in the DME system.

~ Final inspection of the DME system at the service station. The DME system in
its entirety shall be inspected and tested.

The various inspection activities are described hereinafter in more detail.

13.2 DME storage vessels

Each DME storage vessel shall be subjected to inspection and approval of the
Inspection Agency prior to being instailed. In this respect the activities of the
Inspection Agency will comprise:

~ design supervision;

- fabrication supervision;

— shop testing/vessel acceptance.

13.2.1  Design supervision

The approval for construction will be given upon review and approval of:
~ vegsel calculations and construction drawings;

— specifications of intended construction materiais;

- welding procedures.

13.2.2  Fabrication supervision

During the fabrication stage, the Inspection Agency will:

- qualify the welders;

- check workmanship and fabrication procedures;

. check whether all construction materials conform to the certificates;
~ review results of non-destructive testing.
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13.2.3  Shop testing/vessel acceptance

Upon completion of the construction the Inspection Agency will inspect and fest

the vessel which will include:

~ an internal and external inspection of the vessel including a check of the
overall dimensions, flange ratings and sizes, position of nozzles and type of
vessel appurienances;

~ attending the hydrostatic pressure testing (see § 7.9);

----- inspection of the external coating (sec paragraph 7.10);

- acceptance of the fabrication report comprising all material certificates, test

records, vessel data sheet and construction drawings.

Upon acceptance of the vessel, the Inspeciion Agency shall stamp the name plate
accordingly.

13.3 Vessel appurtenances and DME system ancillaries

Vessel appurtenances and DME system ancillaries shall be of a make and type as
approved by the Inspection Agency. General requirements applicable for the
various appurtenances and system components are given in chapter 8; as a guide
for the procedures to be followed to obtain such an approval, reference is made to
MO806/83-12 of the ‘Rules for Pressure Vessels as given in Appendix I,

Once the make and type of a particular appurtenance have been approved by the
Inspection Agency upon receipt of the manufacturer's test and material certificates.

13.4 DME piping systems

The inspection and acceptance of the piping will be performed by the Inspection
Agency at site (Le. the DME service station concernedy or m the shop.

Prior to starting the construction the Inspection Agency shall have given:

~ approval on welding procedures;

-~ approval on welder qualifications;

- approval on materials for pipe, fittings, flanges etc.;
approval on the P&ID's (piping and instrument diagrams) showing the DM
related systems in thefr entirety with all components, safety devices and
mstruments;

~ approval on the specific appurtenances and ancillaries intended to be installed
(check on make and type});

————— approval on the construction drawings.

During fabrication the Inspection Agency witl supervise the construction activities.

i3.5 Final acceptance of the DME station {acilities
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The Inspection Agency will officially aceept the DMIE system of a service station
upon satisfactory inspection in accordance with appendix XII: *Checklisis for
inspection of DME Service Stations’. The principal will then officially be notified
that the DME facilities are released {or operation.
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i4. Qualification of centractors for work on DME
installations

In order to ensure the safe construction and operation of DME installations the
Inspection Agency requires contracting companies who want 1o be active i this
field to prove their capabilities.

A contractor is only eligible for qualification if, to the satisfaction of the
Inspection Agency, the contractor meets certain requirernents.

These requirements are defined in Appendix 11, the ‘Regulation concerning the
qualification of coniractors for the construction, maintenance, repair, mspection
and testing of DME-installations’.

This ‘Regulation for qualification’ sets forth the requirements regarding quality of
work and company organisation which shall be met by the Contractor. 1t also
describes the procedure to be followed for qualification and rules regarding the
duration of validity of qualification.

Contractors which comply with the above mentioned regulation will be issued a
Certificate of Registration as DME-contractor, permitting them to perform
activities in this field.
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i. Introduction

This sections forms part of the ‘Regulations for DME Service Stations and
Road Tank Trucks’.

It provides the regulations for the management and operation of a DME service
station with DME storage of either the ‘mounded’ type, i.e. storage vessels
installed above grade covered with a mound of sand, or DME storage vessels
instalied underground.

The ‘Regulations concerning the managenent and operation of DME Service
Stations’ given in this document , are based on existing requirements for LPG
service stations [ 1] and made specific for DME where necessary.

The application of the ‘Regulations’ as mentioned in this section will contribute
to the safe operation of DME stations and to the vrevention of hazards while
handling this product.

While every effort has been made to ensure the accuracy and reliabitity of the
data contained in these regulations, neither TNO nor the authors shall be held
responsible or liable in any way for loss or damage resulting from their use or
from any violation of state or international regulations with which they may
conflict.

The regulations also cannot be deemed to contain all conditions that must be
necessarily be fulfilled for safe construction and usage. The liability remains
with principals, manufacturers and the management for the installation.
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Ze Scope

This section covers the requirements related to the management and operation of
DME service stations, comprising facilities for DME supply to the station, DME

product storage and the delivery of DM to motorcars.

The section provides guidance for a good management of such an mstailation and
for the safe handling of DME.

Requirement concerning the operating staff as well as concerning the management
of a station are given in addition to regulations for the delivery of DME o
customers, filling of DME storage vessels and maintenace, repair and inspection.

In this section reference is made to applicable appendices of the ‘Regulations’
which confain information regarding: regulations for the qualification as DML
coniractor, the contents of an ‘Installation Book’, an example of an “Emergency
plan’, first aid measures, procedures for depressurisation and degassing of DME
installations and for the commisioning of new or degasses installations, as well as
checklists for inspection of DME service stations.

Aspects of design and construction of DME service stations are covered in section
1, ‘Regulations for the design and construction of DME service stations’, which
also forms part of the ‘Regulations for DME Service Stations and Road Tank
Trucks’.
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3. Definition of terms

For the purpose of these Regulations the following definitions shall hold:

ADR
European Agreement concerning the international Carriage of Dangerous
Goods by Road.

BLEVE

‘Boiling Liquid Expanding Vapour Explosion’

An explosion caused by the sudden formation and subsequent ignition of large
quantities of DME vapours, normally due to tupture of a storage vessel.

Contractor (qualified) ‘

Contractor is a company which carries-out activities in the ficld of consiruction,
maintenance, repair, inspection and testing of DME installations. A qualified
contractor has acquired a valid certificate of registration from the Inspection
Agency.

Degassing

Degassing is the procedure by which the gas concentration in a storage vessel
and/or related piping system is safely reduced and then maintained at a level
which is not higher than 10% of the lower explosion limit.

DME
Di-methyl ether, which is used as fuel for motorcars

DME delivery column
An apparatus designed for deliveries of DME into DME tanks of motorcars,
also called dispenser column.

DME road tank rruck
A truck, equipped with a storage vessel and appurtenances, especially designed
for the transport of DME by road.

DME service station
An establishment congaining facilitics where DME is stored and dispensed to
motorcars.

Filling point

The connection point for the hose of the tank truck. At this point DME 1s
ransferred from the road tank iruck to the instaliation. The tank truck is
unloaded, the storage vessel filled.

Ingassing

The procedure by which DME is transferred into a gasfree DME storage vessel
and /or piping system, thereby increasing the gas concentration up to a level
well exceeding the upper explosion limit.
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Inspection Agency

An institution, governmental or private, authorised to perform mspection work
on a DME installation or part there-of. This includes all matters related to the
engineering, fabrication, inspection and testing of such installations.

Mounded siorage vessel
A DME storage vessel, installed above grade completely covered by a mound
made of sand covered with tiles.

Principal

The company which initiates and ultimately pays for the design and
construction of 2 DME service station and hence will be involved i the conirol
of the quality of the station’s facilities and the services rendered.

‘Regulations’
The Regulations for DME Service Stations and Road Tank trucks.

Underground storage vessel
A DME storage vessel, installed below grade, completely covered by soil.



Draft TRO-report, version dated 10-02-99

Bvan 20 TRO-MEP - R 99/29011
4, Product information
4.1 DR

Dimethyl ether is produced from ‘syngas’ by means of a catalytic process. Syngas
is & mixture of kydrogen, carbon monoxide and carbon dioxide which is often used
by the indusiry as an intermediate step for the production of many chemicals and
also for power generation. Syngas can be made from a variety of feedstock such as
natural gas and coal, but also from renewable feedstock like wood.

4.2 Properties of DMIL

DME is in the vapour phase at atmospheric pressure and normal ambient
temperatures: the atmospheric boiling point of DME 1s - 24.8 °C. Liquefaction of
DME at ambient temperatures requires pressurisation. Typically, the vapour
pressure of DME is approximately 5.3 bar at 20°C.

If the pressure is reduced to atmospheric, e.g. by leakage, DML evaporates
quickly. When DME evaporates it expands to about 350 times its original liquid
volume and, as gaseous DME is approximately 1.8 times as heavy as air, spreads
out at ground level accumulating in low places as cellars or sewers.

During evaporation the temperature of DME reduces. When mixed with air this
causes condensation of the water vapours in the air and a visible cloud of the gas
fair mixture is formed.

If, however, DME in the gascous state is released mio the atmosphere, this gas
remains invisible.

DME becomes explosive when mixed with air. A mixture of containing between
approximately 3.4 vol% and 18 vol% of DME m air is within the explosion limis
and is highly flammable. A small spark or the presence of static eleciricity could
already cause an cxplosion.

DME does not have to be classified as a dangerous toxic substance, However,
DME produces an anaesthetic or narcotic effect with inhalation of vapours.
Concentration of 5 - 20 % by volume can cause ixritation, incoordination,
shortness of breath, drowsiness, intoxication, blurring of vision, headaches,
dizziness, excitation, and unconsciousness. These appear to be short-term cffects
caused by short-term exposure.

DME in higher concentrations, in excess of 20 %, can increase the risk of cardiac
irregularities and possible cardiac arrest. In high concentrations DME replaces
breathing air and acts as a simple asphyxiant. This is the result of the displacement
and lack of oxygen.
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Although DME has a slight ethereal odour, an odorant will need to be added to aid
in detection of leaks.

The detection of leaks should be by the use a suitable gas detector and NEVER
WITH A NAKED FLAMI.

Liquid DME is lighter than water and therefore water, if present in a road tank
truck or storage vessel will cotlect at the bottom of the vessel. Besides, DMI 1s
soluble in water through which part of the DME will be within the water phase.

DME is in pure form not corrosive to steel, which isused in the construction of
road tank fruck and storage vessels and piping, but contamination m the DME
attack most elastomers.

Furthermore, DM is a poor conductor and has a poor fuel viscosity and lubricity
through which the design of the appurtenances such as pumps, mefers ete. is
affected.
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5. Management of the instaliation
5.3 Opeyrating staff

A DME service station shall only be managed by appropriaiely instructed persons.

If the installation is open for delivery of DME, an adult (at least 18 years old)
person who is responsible for the supervision, shall be present at the installation
and shall have at his immediate disposal a telephone connected to the public
telephone system.

The operating personnel shall have sufficient expertise, both as regards the safety
regulations to be observed under normal operating conditions and in regard to the
necessary actions to be taken in case of gas leakage or fire.

The personnel shall be fully conversant with the ‘Emergency plans’(sce also §
5.3). A copy of this plan shall be readily available i the salesroom.

The personnel shall be trained in the usage of the fire-fighting equipment and n
the application of medical first aid. (Sec also § 5.4 and § 5.6).

In the salesroom, an instaliation book shall be present. The operating personnel
shall be famuliar with its contents.

5.2 Fustallation book

The management and the operating staff of a IXME service station shall observe
the instructions and procedures as laid down in the ‘Installation book’, the contents
of which shall comply with Appendix X

The management shall ensure that the installation book is always kept up-to-date.

8.3 Emergency plan

An emergency plan to conirol the hazards of serious DME leakages and/or fire
must have been made in consultation with the local authorities, e.g. the fire-
brigade.

This plan shall contain: instructions for emergency shut-down of the installation,
warnings to customers and other people in the installation surroundings, calls for
assistance, usage of fire-fighting equipment.

An example of an emergency plan is given in Appendix 1X. The plan procedure
shall be tested at least once 4 year.
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5.4 Medica! first aid

A first aid kit and protective clothing (at least: eye goggles and leather or thick
textile gloves with arms protection) shall be present in the salesroom. First aid
instructions are given in Appendix VIIi.

55 AR product card

An ADR product card (Transport emergency group card) shall be available at the
mstallation. An example of such a card is given in Appendix VIL

5.6 Five-fighting equipment

One portable powder extinguisher with a charge of 7 kg extinguishing powder
shall be present near cach pumping island and in the salesroom. The extinguishers
shall be readily accessible and available for immediate use at all times. The
extinguishers shall be examined by an expert for proper functioning at least once a
year.

5.7 Storage vessel area

The doors in the fencing around the storage vessels shall be easily accessible at
any time. These doors shall always be kept closed and locked except when
maintenance or repair work is carried out inside the fencing. The area inside the
fenecing shall not be used for the storage of any goods other than the storage of
DME in the storage vessels.

5.8 Damage by plantation

In the direct vicinity of a vessel no plantation shall be allowed of which the roots
can penetrate into the protective coating of the vessel, unless the vessel has been
specially protected against ingrowing roots. The application of plastic foil is
prohibited.

5.9 Pasition of remote-controlied valves

When the DME service station 1s not opened for delivery of DME to customers,
the remote-controlled valves shall be closed and the dispensing column locked.

The remote-controlled valves in the filling lines shall always be kept closed unless
filling of the storage vessel necessitates their opening.
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5.10 Degassing and ingassing of storage vessel

No work involving the use of fire or work which may cause leakages or fire shall
be performed on vessel, piping and appurtenances unless the installation has been
degassed and depressurized. This shall be done in accordance with the procedure
of Appendix V.

Commissioning of a gas-free vessel shall be done in accordance with the procedure
of Appendix 1V. Both activities shail only be performed by a qualificd contractor.

511 Ymstallation/dismounting of submerged pumps

Tn case of maintenance or replacement of submerged pumps instalied i
underground DME storage vessels, the work to be performed shall be done in strict
accordance with the procedure of Appendix VL

512 Safe handiing of DME
DME SHALL BE HANDLED WITH CARE!

While working at a DME-installation the following basic rules shall be adhered to:

. Never blow-off more gaseous DME into the open air than strictly necessary.
. Prevent liquid DME from flowing out in the open air.

— Do not open a DME storage vessel before the vessel is completely
depressurized and degassed. Do not enter the vessel before the vessel 1s
acrated!

Measure the oxygen content first. If nitrogen or another suitable inert gas has
been used for degassing the same applies: do not enter before acration !

Do not use CO, for degassing due fo the fact that CO, is completely soluble in
DME. Furthermore, do not use any substance that will form an explosive
reaction with DME, such as -oxidisers, oxygen and peroxide.

_ Never work in a cloud of DME. Gas will peneirate into the clothing and, when
ignited, would cause termble burns. Exposure to skin or eyes can also cause
isritation or dermatitis. If exposure is to the eyes it causes inflammation of the

oculair mucous membranes. In addition contact with the vaporising liquid can
cause frost bite,

513 Reporting of incidents

In case of an uncxpected event (break-down of a system, collision etc.) whereby an
inflarnmable quantity of DME has escaped or may escape from the station
facilities, measures shall be taken immediately to Limit the effects of this event.
Also the authorities concerned shall be notified at once.

THNO-MEP - R 09/25011
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6. DM E-deliveries to customers

6.1 Restrictions concerning the delivery

DME deliveries shall only take place via the dispensing columns and only fo:

o Fuel tanks, exclusively intended for the storage of DME and specially
designed for driving motor vehicles and attached to these vehicles;

- Exchange tanks specially designed for this purpose with a capacity of at
most 150 Hires and intended for driving lifting and fransport equipment.
Delivery into these exchange reservoirs shall only take place in the open air;

- The tanlk of the DME tank truck when the installation is being emptied.

DME deliveries to customers either direct from the road tank truck or from skid-
mounted vessels temporarily placed at the site are prohibited.

The maximum filling rate of fuel and exchange tanks is 80 %. This value 1s based

on the following equation:
My = 0.95 * Priquid, 50 °C

where Mmax = the maximum allowable mass per litre of contents, in kg/l
and p = the density of the liquid at 50°C, in kg/m’.

For DME the maximum allowable mass per litre of contents is equal to 0.58kg/]
[2]. Based on a contents of 20 m’ the maximum mass of filling is: 0.58%1000%20 =
11,600 kg.

The density of liquid DME at a temperature of -20°C is equal to 720.3 ke/m’ 3].
By using this data, the volume which is taken up with liquid DME can be
calculated as: 11600/720.3 = 16.1 m. Taking into account the total capacity of the
vessel of 20 m’ , the maximum fifling degree can be calculated as: (16.1 /7 20y*100
= &0%.

Filling of gas boitjes:

Filling gas bottles with DME is prohibited. A clearly legible notice in lettering at
least 50 mm high and reading: ‘FILLING GAS BOTTLES WITH DME IS
STRICTLY PROHIBITED’ shall be present at the dispensing area.

6.2 Safety measures
The engine of the vehicle to which delivery is taking place shall be switched off

before connecting the dispensing hose and may not be started again until after this
hose has been uncouplied and replaced to the column.
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Delivery of DME is prohibited if smolking 1s going on or any fire or artificial
jighting, other than insulated artificial lighting, is present within a distance of 5 m.

6.3 Supervised self-filling by customers

Tn case of supervised self-filling the following regulation shall apply:

The supervisor shall be i a position at all times {0 supervise the delivery of
DME from the places where the push-button conirol of the remoie-conirolled
valves is installed.

Delivery of DME shall only be possible after the supervisor has ‘released’ the
delivery apparatus.

During delivery of DME to the motor vehicle the supervisor shall be in the
place where the push-button control of the remote-controlled valves can be
operated at all tumes.

A clearly legible instruction for filling the motor vehicle shall be provided on or
near the delivery column. This instruction must preferably be elucidated with
itlustrations.

Provisions shall be available which, during delivery of DME, enable the
supervisor, 1f necessary, t0 give verbal instructions to the person operating the
delivery apparatus.

6.4 IHumination

The complete installation shall be sufficiently illuminated to maintain a general
overview during the dark hours. Especially at the filling point and around the
dispensing area sufficient lighting shall be installed to enable safe product
handling.

Only electrical lighting is permitted. The use of sodium lighting i or near an
explosion-hazardous area 1s strictly prohibited.
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7. DME storage vessel filling

7.1 Road tank truck

The storage vessel shall only be filled from a road tank truck which meets the
requirements as stated in the ‘Regulations for design and construction of DME
Road Tank Trucks’.

The volunie of the truck's vessel shall be at feast 20 m® (water contents).

The tank truck shall be located in a safe area at a maximum of 5 metres {rom the
filling point and in such a manner that the vehicle can be driven off casily and

quickly.

The uniocading of a DME tank truck may not take place simultancously with the
unloading of another tank truck for motor fuels, unless the DME tank fruck is
situated at a distance of more than 25 metres from this tank truck.

7.2 Diriver of the frack

Filling of the vesse! shall be done by the driver of the tank fruck. The driver may
not proceed to fill the vessel vntil after he has recerved permission to do so from
the person in charge of the installation or his authorised representative.

Before proceeding to fill the vessel the driver shall make certain that the situation
in the vicinity is suffictently safe.

The driver shall than determine the quantity of DME still present i the storage
vessel, whereafter he shall establish the volume of the load. Throughout the filling
period the driver shall stay with the tank truck and ascertain whether the maximum
admissible filling level (86%) is not exceeded. Vessel filling shall be terminated
before this level 1s reached.

The truck driver shall be in the possession of a licence for fransport and handling
of dangerous poads.

7.3 Truck engine
The engine of the tank truck may not be runming during coupling or uncoupling of

the filling hose. Running of the engine is permitied if this 15 required for vessel
filling but only afier the hose has been connected.
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7.4 Artificial lighting and open fire

Tilling of the vessel is prohibited, if someone is smoking or any fire or artificial
lighting, other than insulated artificial lighting, 1s present.

1.5 Conuection of station's and truck's control systems

A connection cable, for the dual purpose of discharging static electricity and
connection of the truck's emergency shut-down (ESD) system with that of the
service station, shall be connected between the cabinet adjacent to the filling point
and the tank track prior to connection of the hose required for filling.

This cable may not be disconnected until after the filling operation has been
completed and the hose is uncoupled.

It shall be impossible to fill the vessel without first having made this connection.
Reference is made in this respect to section 3 of the ‘Regulations’.

7.6 Filling hoses

The hoses used for vessel filling shall invariably first be visually checked before
use. Damaged hoses shall be removed for repair or replacement. Only the hoses of
the tank truck shall be used for vessel filling. These hoses shall have a length of
maximum 7.5 metres and shall not be rolled out more than strictly necessary.

Both during coupling and uncoupling of the hoses and during filling the hoses may
not come into contact with sharp parts likely to cause damage. When coupling or
uncoupling the hoses the occwrrence of sparks must be avoided, for nstance by
using non-sparking tools.

7.7 Filling procedure

The discharge of DME into the storage vessel of an DMI service station shall be

carried out by the driver of the tank truck in accordance with the following

procedure.

The driver shall:

— ensure that the area 1s safe for unloading;

~ position the vehicle at the designated area of the service station, facing the
direction of departure;

— stop the engine, apply the handbrake and place wheel chocks in position if the
ground 1s sloping;

— inform the attendant of the service station that he/she intends unloading;
read off the contents gauge of the storage vessel,
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visually inspect the vessel connections for tightness and establish the maximum
filling load;

open the metering cabinet of his iruck, which energises the drive-off alarm;
conmect the connection cable with the filling point of the service station. This
provides earthing and ensures the connection of the truck's emergency
shutdown (ESD) system with that of the service station;

carefully remove the protection caps or flanges from the hose connections and
connect the hose to the filling point, using only spark-free tools if any;

mspect the filling point connection for tightness; apply the switch key of the
swiich at the filling point in order to open the remote-controlled filling valve of
the service station;

start the engine of the truck, open the push-button operated remote-controlied
hottom-vaives of the truck’s vessel and the hand»opc:rafed block valves and start
the pump;

remain in close proximity of the truck throughout the unloading operation and
check on the level gauge installed near the filling point whether the maximum
filling level of the storage vessel is not exceeded;

stop the pump timely before the maximum filling level would be reached. A
pre-alarm with a2 selting of approximately 5 vol% below the maximun: level
should provide an early warning to the driver;

close the filling valves of the tank truck including the remote-controlled valves
and stop the engine;

apply the switch key at the filling point to close the remote-controlied filling
valve of the station, close the hand-operated fifling valve at the filling point and
vent the smail amounts of DME enclosed between the connections;

disconnect the hose, replace the protective cap or flange on the hose-end and
filiing point and put the hose back on the hosereel;

discormect the cable which provided the earthing and coupling of ESD-systeins;
establish and put on recard the exact amount loaded and close the cabinet. This
de-activates the drive-off alarm, and on some trucks also the remote-controlled
valves and the pump switch;

visually inspect the storage vessel, filling point and tank truck for leak-tightness
and inform the attendant of the station that the filling operation 15 ended;
remove the wheel chocks (if used) , start the engine and drive-off.



Oraft TNO-report, version dated 10-02.99

18 van 20 TNO-MEP - R 99/28011

8. Maintenance, repalrs and inspections

&.1 General

The facilities of 2 DMFE-service station shall be maintained in a good state at all
fimes.

8.2 Maintenance apd repairs

Maintenance work and repairs on the DME containing parts of the installation
shall be carried-out by a qualified contractor (reference is made to Appendix I).
Repairs to components of the DME containing parts of the installation shall at all
times be discussed with and approved by the Inspection Agency prior to
commencing the work.

The repair shall be recorded in the Installation logbook.
Replacement of appurienances by identical parts does not require reporting, but
shail also be recorded in the Installation logbook.

No work involving the use of fire or work which may cause leakage or fire shali be
performed on vessel, piping and appurtenances unless the mstallation {part) has
been depressurized in accordance with the procedure given in Appendix V.

8.3 Modifications

Modifications shall prior to the execution of the work be discussed with and
approved by the Inspection Agency and be carried-out by a qualified contractor.
The modifications shall be incorporated in the installation schemes and drawings.

8.4 Work permit

Prior to starting modification, repair, maintenance or cleaning work which requires
depressurization or degassing, the work shall be properly planned and appropriate
measures must have been taken in consultation with the persons mvolved in
carrying ouf the work.

It showld be specified which amount of DME should be involved in the event that
(part of) the installation has to be depressurized or degassed, before the measures
concerned must be laid down in writing and signed by or on behalf of the principal
and by the contractor represenitative (work permit).

The work-permit shall:
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~ be dated with a maximum daily extension of five consecutive days. Each
Monday a new work-permit shall be extended to include other work 3f during
execution of the originally envisaged and permitted activities this proves
necessary.

— be renewed if the work has been interrupted for special reasons.

— be renewed if other persons that those to whom the worle-permit was granted are
o exccufe the work.

- be handed-over to the installation manager when the work is finished.

— be filed in the installation logbook and be presented on request of personnel
involved or the relevant authorities.

Note:

The installation manager shall ensure that, when the work is finished, the
contractor representative declares in writing that the work has been performed n
accordance with the ‘Reguiations’. This statement shall be filed in the installation

logbook.

4.5 Periodic Inspections

Reference is made to Appendix XUI: ‘Checklists for inspection of DME service
station’, in which the exact extent of the various periodic inspections, by qualified
contractors and by the Inspection Agency, are listed.

In addition to these inspections regular inspection by the station's operating staff is
mandatory: the station's facilities shall be inspected regularly in accordance with
ihe instructions as laid down in the Installation logbook.

Inspections of the DME facilities by a qualified contractor shall take place at half-
yearly intervals. These inspections shall include testing or renewal of the

dispensing hoses.

The Inspection Agency shall inspect the cathodic protection system at least once a

YEAT.

The installation in its entirity shall be inspected by the Inspection Agency at least
once every six years. These inspections shall include the coating of the storage
vessel(s). In case of modifications, major repairs or afier the occurrence of an
carthquake the installation shall be re-inspected as well by the Inspection Agency.

The results of each inspection shall be recorded in the installation loghook.
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5. Introduction

This sections forms part of the ‘Regulations for DME Service Stations and
Road Tank Trucks’.

It provides the regulations for the design and construction of DME road tank
trucks.

In recent years studies have been performed for the introduction of DME as a
car fuel. Part of these studies are related to the evaluation of the risk when
handling DME. As a result of these studies a number of measures have been
and are still being taken to improve the safety of DME bandling in all its
aspects.

The ‘Regulations for the design and Construction of DME service stations’
given in this section are based on the existing requirements for 1L.LPG Road tank
trucks {1] and made specific for DME where necessary.

The application of the ‘Regulations’ as mentioned in this section will contribute
to the safe construction of DME facilities on road tank trucks and to the
prevention of hazards while handling this product.

While every effort has been made to ensure the accuracy and reliability of the
data contained in these regulations, neither TNO nor the authors shall be held
responsible or liable in any way for loss or damage resulting from their use or
from any violation of state or international regulations with which they may
conflict.

The regulations also cannot be deemed (o contain all conditions that must be
necessarily be fulfilled for safe construction and usage. The Lability remains
with principals, manufacturers and the management for the installation.
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2. Scope

This section covers the requirements related to the design, {abrication, installation,
testing and inspection: of DME related equipment and facilities to be installed on
road tank trucks which are to be used for the supply of DME to DME service
stations.

Specific requirements for the carrier itself have only been dealt with in so far as
these are directly related 1o the safety of the DME facilities on the truck.

In this section reference 1s made to appendices I, IT and HI of the ‘Regulations’
which contain information regarding DME properties, accepted makes of DME
appurtenances and regulations for he qualification as a DME confractor.

The specific requirements set forth in the ADR - The Europeen Agreement
concerning the International Carriage of Dangerous Goods by Road - shall be
considered to form part of these regulations, The applicable articles of the ADR
have been listed in Appendix XI.

Aspects of the management of road tank trucks and of the transport and handling
of DME by road tank tracks including drivers’s instructions, are covered i section
4 ‘Regulations for the management and operation of DME Road Tank Trucks’,
which also forms part of the ‘Regulations for DME Service Stations and Road
Tank Trucks’.
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3. REFERENCES

In these Regulations reference is made to the following publications:

The latest issue of cach publication should be used together with any
amendments/supplements/revisions to such publications.
3.1 General

ADR-European Agreement concerning the International Carriage of Dangerous
Goods by Road (Dutch version).

Published by: SDU publishers, The Hague, 1997

3.2 Mechanical Standards

ANSI Standards:

ANSIB 1.5 Screw threads

ANSIB16.5 pipe flanges and flanged fittings
Published by: American National Standards Institute Inc.

1430 Broadway, New York, New York 10018,

API recommended-practice
APIRP 520 Design and installation of pressure
relicving systems in refineries - part I design

Published by: American Petroleam Institute 1801 K. Strect N.W.
Washingion, D.C. 20006

ASME Boiler and Pressure Vessel Code:
Section VI, div. 1 Pressure Vessels
Section £X Welding and brazing qualifications

ASHE Code for Pressurg Piping B-31:
ANSI/ASME B-1.3  Chemical plant and petroleumn refinery piping

Published by: The American Society of Mechanical
Engineers
345 ast 47th Street
New York, New York 10017



Draft THOwreport, varsion dated 10-02-99

TNO-MEP -~ R 98/29011

ASTM A 105
ASTM A 520

Published by:

BS 1640
R3S 3600

BS 3799

BS 4504
BS 5500

Published by:

CEQC Codes;
R49/CEOC/E3
R25/CEOQC/79

R26/CEOCHT9

R29/CEOC/83

Published by:

DIN 1629 sh. 3
DIN 2448
DIN 2513
DIN 2526
DIN 2605
DIN 2615
DIN 26106
DIN 2517
DIN 2634
DIN 2635
DIN 3754
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Specification for forgings, carbon steel, for piping components
Specification for suppiementary requirements for seamless and
electric resistance welded carbon steel tubular goods

American Society for Testing and Materials 1916 Race Street
Philadelphia, PA
19103

Steel buti-welding fittings for the petroleum industry
Specification for dimensions and masses per unit length of
welded and seamless steel pipes and tubes for pressure
puUrposes

Steel pipe fittings, screwed and socket-welding for the
petroleum mdustry

Flanges and Bolting for pipes, valves and fittings. Metric series
Unfired fusion welded pressure vessels

British Standards Institution
2 Park Street
London W1A 2BS

Approval of manufacturers of fittings and flanges

Principles for the approval of austenitic rolled and forged steels
Principles for approving materials for components which
require inspection by a CEOC-Organisation

Test plan for the certification of rolled and forged steels
including fine-grain structuwral steels with ferritic-pearhitic
structure  (normalised), bainitic structure and/or tempered
structure (air or liquid quenched as well as age hardened)

CEQC {Coilogue Européen des Orpanismes de Confrole):
Secrétariat Général

Groupements des APAVE

102, Rue des Poissonniers 75018 Paris

Seamless pipe from carbon stecl
Plain and seamless steel pipe
Flanges, facings, male and female
Flanges, types of facings
Butt-welded elbows

Steel butt-welded fittings, tees
Steel butt-welded fittings, reducers
Steel butt-welded fittings, caps
Welded neck flanges NP 25
Welded neck flanges NP 40
Compressed asbestos {ibre
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PPublished by:

HS/ITW codes:

HS/TW-492-75

Published by:

ISO Specifications:

TNO-MEP - R 88720011

Deutsches Institut fiir Normung
Beuth Verlag GmblIl
Burggrafenstrasse 4-10

1000 Berlim 30

Recommended practice for radiographic inspection of fusion
welded circumferential joints in steel pipes from I mmoup to
50 mm wall thickness class B

International Institute of Welding
54 Princess Gate, Exhibition Road
London SW7

ISO 6708 Pipe components. Definition of nominal size

ISO 7268 Pipe compenents. Definition of nominal pressure

Fublished by: International Standardisation Organisation
Geneva, Switzerland

3.3 Various Standards:

SIS 055900

Published by:

TRbHI

Published by:

Pictorial surface preparation standards for painting steel
surfaces

Swedish Standard Comunission
Tegnergatan 11

Box 3295

S-10366 Stockholm

Technische Regeln fiir Brennbare Flissigkeiten (Technical
Rules for Flamrable liquids),

Deuischer Fachschriften - Verlag
Wiesbaden

3.4 Ylectrical Stapdards

Electrical apparatus for Potentially explosive Atmospheres

EN 50.014 General requirements,
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ENS0.015
EN 50.016
EN5G.017
EN 50.018
EN 50.019
EN 50.020

B 384

Published by:

Oil immersion ‘o’;
Pressurised apparatus ‘p’;
Powder filling ‘q’;
Flameproof enclosures “d’;
Increased safety ‘e’;
Intrinsic safety i’/

Eiectrical installations of buildings

CENELEC, Furopean Commitiee for FEiccirotechnical
Standardisation, General Secrefariat

2, Rue Brederode, B-1000

Brussels, Belgium
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4, Definition of terms

For the purpose of these Regulations the following definitions shall hold:

ADR
Juropean Agreement concerning the international Carriage of Dangerous
Goods by Road.

Ancillaries

The term ancillaries covers all appurtenances and system componenis required
for the safe operation of DME storage vessels and piping systems. Anciliaries
comprise items such as valves, relief valves, puraps, pressure gauges, metering
equipment, controls, etc.

BLEVE

‘Boiling Liquid Expanding Vapour Explosion’

An explosion caused by the sudden formation and subsequent ignition of farge
quantitics of DME vapours, normally due to rupture of a storage vessel.

Check valve
A check valve is a device which prevents the medium 1n a piping system from
flowing back.

Contractor (qualified)

Contractor is a company which carries-out activities in the {ield of construction,
maintenance, repair, inspection and testing of DME installations. A qualified
contractor has acquired a valid certificate of registration from the Inspection
Agency.

Degassing

Degassing is the procedure by which the gas concentration in a storage vessel
and/or related piping system is safely reduced and then maintained at a level
which is not higher than 10% of the lower explosion lirmt.

DME
Di-methyl ether, which is used as fuel for motorcars

DME road tank truck
A truck, equipped with a storage vessel and appurtenances, especially designed
for the transport of DMI: by road.

DME service stalion
An establishment containing facilitics where DM s stored and dispensed to
motorcars.

Excess flow valve
A shut-off device, which provides a nearly complete automatic shut-off in case
of an excessive flow rate e.g. line break.
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Ingassing
The procedure by which DME is transferred into a gasiree DME storage vessel

and /or piping system, thereby increasing the gas concentration up to a level

well exceeding the upper explosion limit.

Inspection Agency
An institution, governmental or private, authorised to perform inspection work

on a DME installation or part there-of. This includes all matters related to the
engineering, fabrication, inspection and testing of such installations.

Nominal diameter DN
Anumeric indication for the size of piping systems according to standard 1SO-

6708.

Nominal pressure PN
A numeric indication for the pressure according to standard 1SO-7268.

Pressure
The unit kPa and bar indicate absolute pressure; the expression ‘gauge
pressure’ means absolute pressure minus atmospheric pressure.

Pressure relief valve
An automatic pressure-relieving valve actuated by over pressure in a Hquid-
filted system, caused e.g. by thermal expansion of the fluid.

‘Regulations’
The Regulations for DME Service Stations and Road Tank trucks.

Safety valve

An automatic pressure-relieving valve actuated if the static pressure upstream
of the valve exceeds a pre-set pressure and characierised by rapid full opening
or pop action. It 4s used for gas or vapour service.

Stoomwezen

The Dutch governmental inspection authority ‘Dienst voor het Stoomwezen’ is
referred to as ‘Stoomwezen’. ‘Stoomwezen’ is the authority having
jurisdictionin all matters related to the engineering, fabrication, testing,
inspection, and installation of (pressure) vessels, piping and piping systems.

Storage Capacity
The net volumetric contents of a vessel when filled with water up to the
maximum allowable level for DME storage.

Vessel volume
The volumetric contents of a vessel when completely filled with water.
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5. Description of a DMIL Road tank truck

Reference is made (o figure 5.1: “Typical scheme of DME facilities on a road tank
truck’ with list of appurtenances; to figure 5.2: “Typical DME road tank truck’; to
figure 5.3: ‘Simplified control system’ and to figure 5.4:7k:xcess flow type bottom
valve’, shown at the end of this chapter,

5.1 General

A DM road tank fruck is a vehicle especially designed for the transport of DME,
comprising:

- the vehicle itself;

— the DME related equipment.

The vehicle may be either an automobile manufacturers' standard trailer-tractor
combination or a itruck chassis. These standard type vehicles are adapied for
carrying the DME related equipment. For instance, the combustion air inlet for the
engine will be located at least 1.50 m above grade, the chassis prepared for
mounting the vessel and equipment and the electrical system modified.

The DME related equipment, permanently mounted on the carrying vehicle,
comprises the following:
the pressure vessel for transport of DME;
----- equipment for filling and unloading of the vessel an related piping;
~ operation control and safety systems.

5.2 The vessel

The tank of a2 DML road tank truck must be suitable to transport the liquid under
pressure. This pressure vessel, which is permanently fixed to the vehicle's chassis,
is provided with a manhole, nozzles for filling and unloading, safety relief valves,
temperature and level indicators and pressure gauges. '

A sunshield will reduce the raise of temperature - and conscquently a raise of
pressure - during iransport. Infernal anti-sloshing baffles are provided to reduce the
Jiquid forces being transmitted to the chassis when the vehicle brakes or

accelerates.

5.3 Unloading and filling systems

Road tank trucks must be equipped with means for independent unloading DMIE
into the storage facilities of DME service stations and, in addition, with means for
filling their own vessel, i.e. with discharge hoses, a pump, related piping and other
ancillaries.
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The unloading and filling equipment and piping is located in protecting cabinets,
fitted at the side of the chassis.

The unloading and filling connections of the vessel are protected with remote-
controlled, air or hydraulically actuated shut-off valves, called bottom valves,
which are situated inside the vessel and close automatically within 15 seconds in
case of emergency.

Unloading system

Upon opening of the outlet bottom valve, the DME is filtered prior o entering a
motor driven DME transfer pump. In case of a hydraulic motor the hydraalic pump
for this motor is driven by the truck's engine. The transfer pump 1s protected
against overpressure by a relief valve instalied in a relief/overflow line leading
hack to the vessel. This vessel connection is also protected by a “bottom valve".

The DME liquid pumped to the service station is measured by a flowmeter; a
vapour separator is installed upstream of the meter (the flowmeter itself may be
provided with a ticket printer for recording and billing purposes). In the pummp
discharge line, various system components are installed, such as a differential
pressure valve, excess flow valves and shut-off valves.

The unloading piping terminaies in a hose recl with a flexible hose, which 1s
provided with a manual shut-off valve and a hose coupling. A blow-down valve
may be instailled to release blocked-in DME after completion of the filling. For
unloading purposes other than to a DME service station, a second unloading
connection may be provided.

Vessel filling system
The filling piping may be combined with the unloading piping provided that the
common vessel connection 1s protected by a quick closing internal bottom valve.

Usually, the depotsirefineries where the DME road tank trucks are filled, have
facilities which mclude filling pumps. If necessary, however, the filling can also be
achieved by means of the road tank trucks’ own transfer pump. In that case, the
pump will discharge in a by-pass line leading back to the vessel. Prior to entering
the vessel, the by-pass line is combined with the pump relief/overfiow piping.

5.4 Operation confrol and safety systems

Road tank trucks are provided with electrical circuits for the vehicle itself as well
as for the operation control of the DME facilities and the safety systems. The
battery master switch for activation of all circuits must be placed as close to the
battery as possible.

This switch should be operable from inside the cab as well as from outside the
vehicle at a readily accessible place.
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The electrical system f{or the DME facilities is provided with an emergency shut-
down systemn, which inferrupts the unloading activities when manually or
automatically activated: all bottom valves will then close automatically.

Supplementing the electrical control and the ESD systems, the tank frucks are

provided with auxiliary systems such as:

— compressed alr system, used to operate air operated bottorn valves and to
provide the thermal pneumatic fire detection tube with air;

~ hydraulic system, if applicable, used to drive the DME transfer pump and
hydraulically operated bottom valves.

Bottom valves
The filling and discharge conmections of the vessel are provided with air or
hydraulically operated "bottom valves", mounted inside the vessel.

These valves are of special design and often combine:
the functions of a remote-controlled shut-off valve and of a check valve when
mstalled in a filling line;

— the functions of a remote-controlled shut-off valve and of an excess flow valve
when instalied in a discharge line.

An example of the working of such valves is given in figure 5.4, at the end of this
chapter.

When the elecirical circuifs are activaied and the cabinet which houses the piping
and equipment is opened, the DME loading and unloading facilities (1.e. the
bottom valves, metering and the pump) are operable as the contro! and emergency
shui-dowr systems are energised.

The fluid {preferably air) supply to the valve actuators is inside the cabinet
executed by means of thermal tubing. When this tubing melts the valves close
automatically.

ESD system

Push-buttons installed in the elecirical system, located adjacent to the cabinet, at
the lefi-hand front side and at the right-hand rear side of the vessel, provide for
possible manual interruption of the electrical supply, with resulting closure of the
bottom valves and stopping of the pump.

A thermal plastic pneumatic tube is installed horizontally around the vessei
Release of air pressure in this tube causes automatic interruption of the electrical
supply with the same effects.

During the filling operation of the station's storage vessel, the ESD systems of
truck and station are interconnected. If the truck's ESD system is operated, either
by means of one of the push-buttons or by melting of the pneurnatic tubing, this
also results in de-energising the station's facilities and closure of the remote-
controlled shut-off valves of this service station.
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Note;

Instead of an electrical ESD system, a pneumatic ESD system could also be
applied.

5.5 Additional safety measures

In order to minimise the damaging effects of collisions, the filling and discharge
equipment should be placed 10 a cabmet located between the axles and within the
horizontal projection of the vessel. _
The sides of the vessel and related piping and equipment should be protected by
horizontal bars, where-as z sturdy bumper installed at the rear of the vehicle
should protect the vessel and 1ts appurtenances at the back.

The truck should also be provided with an audible and visual alarm system, which
should be activated if the truck is driving off and the handbrake is Joosened while
the cabinet 15 still open.



R 98/29011

TNC-MEP -

Draft THNO-report, version dated 10-02-99

18 van 50

33 3508

@

| N
| BNIBYOTNN

H01%20H 13A33
YOI RO JUNTYHISHTL
B0 LY JiHT 3unSS g

g313H A0

B3t

SHITANDY 3504

ETIa

B e

ADT4HIAD

Eu% WWOJ
(%)

NOILIIRNDY BNOdVA

FHIDO 318K

H01vEYdIs ¥NOdYA Ell,w inli
IATYA 3ENSSIYS 3410 %

IAWA MO SSINT PG

JATYA FIIRIALIVE

= tm—
e

IATYA HIEHI B i - {

IATYA WIG1R evmw L Pata 135534 Hanyi
IATYA 0ITI0UIHOY FLOMIE veeuﬂw.nﬁﬂ T T T T YT T 3V BN RO T .W.kl
@zmwwﬂw

Typical scheme DME facilities on a road tank tuck

Figure 5.1



Draft THNOreport, version dated 10-02-99

TMO-MIZR - R 98/28011 18 of 50

List of appurtenances as shown on the ‘Typical scheme DME facilities on a road
tank truck’

ltemno. Description No. of size
Hems (mmch)
1 Remote conirolled bottom valve combined with 1 14
check valve
2 Remote controtled bottom valve combined with 1 3
excess flow valve
3 Check valve 1 2
4 Pressure relief valve 4 Y
5 Biock valve 6 2
6 Angle type block valve 1 1%
7 Filter 1 -
3 Transfer pump 1 -
9 Excess flow valve 2 2
10 Pump overflow valve 1 1%
11 Safety relief valve 2 Z
12 Ullage valve 1 Y
13 Block valve 1 e
14 Biow-off valve 3 Y
15 Hose coupling (unloading) 2
16 Hose coupling (filling) 1 -
17 Level indicator 1 1
18 Hose reel incl. hose 1 2
19 Flexible joint 1 3
20 Flexible joint 1 2
21 Flow meter 1 2
22 Vapour separator 1 -
23 Differential pressure valve i 2
24 Pregsure indicator 2 b2
25 Temperature indicator 1 Va
26 Remote controlled bottom valve combined with i 2

check valve
27 Blind flange/cover 1 2
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Figure 3.4 Excess flow type botiom vaive

Principle of operation u

I view #1, the valve is held closed byl both vessel pressure and the valve's closing
spring. Moving the operating lever to appmmmatcly midpoint in its 70° travel
(view #2), allows the cam t0° place the rapid equalising portion of the valve stem in
the pilot opening. This pemnts a larg ger amount of product to bleed downstream
than if the operating lever were moved to the full open position.

When vessel and downstream pressure are nearly equal after a few seconds, the
excess flow spring pushes open the main poppet (view #3), and the operating lever
can be moved to the full open poqmon The system is now ready for the transfer
operation, with the mamn valve actmg as an excess flow vaive. The pump should
not be engaged until the valve opens.

Once the main poppet opens, a flow greater than the valve's excess flow spring
rating or a sufficient surge in flow forces the main poppet closed (view #4) - The
pilot valve allows a small amount of product to bleed, but much less than in view
#2 where the rapid equalisation portion of the stem is in the pilot opening. When
the operating lever is moved to the closed position, the vaive closes completely
and seals tightly (view #1).
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6. General design requirements

6.1 Governing regulations

The design, construction, inspection and testing of DME road tank trucks shall
comply with the requirements of the ‘Luropean Agreement concerning the
International Carriage of Dangerous Goods by Road” (ADR), supplemented by the
requirements as set forth in this document.

In appendix XII, the “marginals" (numbers in the wmargin) of the major
requirements of the ADR (1997 cdition) concerning vessels, piping and
appurtenances for DME facilities have been listed.

6.2 Design fluid
The design of the DME coniaining/related Installation i.c. the vessel with

appurtenances and the piping inclusive ancillaries shall be based on handling a
fluid which is defined, in compliance with the ADR, as ‘a gas liquefied under

pressure’,
trade name  : dimethylether
class 12k

6.3 Carrying vehicle

The construction of a road tank truck shall be such as to minimise the possibility of
deformation of the vessel and its appurtenances duc to external forces and shall
include a sturdy bumper at the rear of the vehicle as well as horizontal protecting
bars on both sides of the vessel.

The combustion air intake of the truck’s engine, shall be situated as high as
possible but at least 1.50 m above grade.

The cab and engine of the motor vehicle shall be effectively screened from the
vessel or any trailer mounted vessel which may be towed by the vehicle. Where the
back of the cab is constructed of fire-resisting materials, a fire-resisting shield need
not be fitted uniess the engine projects beyond the rear of the cab.

There should be a space of not less than 150 rm between the vesset and the back
of the cab or fire-resisting shield, where fitied.

6.4 Mounting or vessel and piping on the chassis

The vessel shall be fixed mounted on the chassis. Usage of skid-mounted vessels 1s
not allowed for the supply of DME o service stations.
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The flexibility of individual components as well as their interaction in this respect
must be considered in the overall design. Attention should be given to the
attachment of the vessel on the chassis, i.e. a rigid part being connected with a
flexible part. This construction may often necessitate the use of an auxiliary frame
in order to keep the required flexibility within acceptable limits. For the same
reason, piping systems should be provided with flexible joints. This will also
prevent vibrations caused by the running DME pump from being transmutied to the
whole piping system and will reduce noise and the possibility of pump failures as
well,

The appurtenances of a road tank truck shall be protected in such a way, that they
are not accessible to unauthorised persons. In case a closed cabinet is used for this
purpose, it has to be provided with at least two low situated ventilation openings,
located opposite of each other, each having an area of at least 50 cm’.

Critical equipment within such a cabinet shall be suitable for zone 1 of the
hazardous area classification, and comply with the relevant Cenelec Standards (see
§3.4).

DME related piping systems inclusive appurtenances, shall be located within the
horizontal projection of the vessel.

6.5 Fire-fighting appliances

A road tank truck shall be equipped with means for fire-fighting according to the
requirements of the ADR, i.e. at least two portable fire extinguishers.

6.6 Labelling and marking

Every DME road tank truck shall bear on both sides and at the rear a danger label,
in the form of a square of not less than 30 cm sides, standing on a corner, conform
to the requirements of the ADR. In addition the iruck shall display two rectangular
reflecting orange coloured plates of 40 cm base and 30 cm high, set in a vertical
plane, conform to the requirements of the ADR. They shall be affixed at the front
and at the rear of the vehicle.

The hazard-identification nuniber shall be 23, the substance-identification number
shall be 1033.
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7. SAFETY SYSTEMS

Reference is made to figure 5.3, "simplified control system", shown in chapier 5.

7.3 Emergency shut-down systems

Fach road tank truck shall be provided with an emergency shui-down system,
connested with the remote-controlled bottom valves as well as with the driving
system of the DME transfer pump: Upon activating the ESD-system, all botiom.
valves shall close within 15 seconds and the pump will be stopped (stopping the
pump will prevent damage due to running dry).

Prior to unloading, the ESD-system of the road tank truck shall be connected to the
ESD-system: of the service station to be supplied with DME. Activating the truck
ESD-system hence will result in de-energising of the station facilities le. in
closing of the remote-operated shut-off valves of the service station.

Activating of the fruck's ESD-system shall be achicved manually by means of ESD
push-buttons or automatically due to melting of a thermal pneumatic plastic
contral tube 10 the shut-off valves.

At each road tank truck, ESD push-buftons shall be located adjacent to the
cabinet(s), housing the unloading and filling equipment, furthermore one push-
button each shall be installed at the lefi-hand side of the front of the vessel and at
the right-hand side of the rear of the vessel.

7.2 Thermal preumatic plastic tube

A thermal pneumatic plastic control tube shall be installed horizontally around the
vessel at approximately one third of its height and be pressunised by compressed
air. Release of the air pressure due fo damage caused by heat, fire or otherwise will
result in an emergency shut-down. The tubing shall be mounted m a protective
enclosure provided with slots, to prevent mechanical damage.

Inside the cabinet the same type of tubing shall be installed to provide compressed
air for control and/or actuating of the botiom valves.
7.3 Bonding

Reference is made to chapter 11, electrical requirements.
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7.4 Dirive-off alarm

Intermittent visual and audible alarm shall be provided in the driver's cabin (red
flashing light on the dashboard and a hom) to warn the driver that the road tank
truck is driving away while the unloading hose is either still connecied with the

filling nozzle or not properly stored (cabinet not closed).

The alarm shall be actuated also when:
- the equipment cabinet(s) is (arc) opened without the vehicle's

(firmly) on;
. the vehicle’s handbrake is loosened when the equipment cabinet{s) is {are}

handbrake being

opened.

In addition to the drive-off alarm, the remote-conirolled bottom valves shall be

automatically shut-off when closing the equipment cabinet(s).
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8. Requirements for BME vessels

In this chapter the requirements are given for the design, fabrication, inspection
and testing of road tank truck vessels for the transport of DME. The vessels shall
be fixed mounted on the trucks.

8.1 Design codes and regulations

Vessels of DME road tank trucks are classified as unfired pressure vessels, which
are subjected to the inspection and acceptance of the Inspection Agency.

DME transport vessels shall be designed, fabricated and tested in accordance with
the requirements of the ADR in addition to the requirements of BS-5500,
“Specification for unfired fusion welded pressure vessels”. These vessels shall
only be used for the transport of DME.

8.2 Vessel volume

The volume of vessels of road tank trucks for DME supply to DME service
stations shall be at least 20 cubic metres and shall further compiy with the national
legislation and the requirements of the Ministry of traffic.

Note;

A minimum volume has been specified as a safety measure in order to minimise on
the number of transport movements between depots and service stations. Selection
of an optimum volume is a matter of logistics whereby e.g. distances and storage
capacities of the service stations should be considered.

8.3 Degree of filling

The maximum allowable degree of filling by weight shall be calculated 1n
accordance with the ADR: maximum mass of contents per litre vessel volume - 0.95
x density of the liquid phase at 50 °C {see also section 2: §6.1).

In addition, the vessel shall not be filled above 86% by volume (see section 1, §
5.3), this level shall be indicated by the setting of the ullage valve assembly (see §
9.3.1).

8.4 Design pressuye

The design pressure shall amount fo 14 barg for vessels to be provided with a
sunshield or thermal insulation and 16 barg for vessels without such provisions [2].
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Note.

In case of an ambient temperature of 253 K (- 20 °C) during wintertime the
pressure in the vessel decreases to approximately 120 kPa. Therefore, for this
situation no design pressure below atmospheric pressure has to be specified.

8.5 Hydraulic testpressare

The hydraulic testpressure shall be:
-~ for vessels with a sun protection: 14 barg;
for vessels without a sun protection: 16 barg.

In case the vessel is equipped with a sun protection, the test pressurc shall be at
Jeast the vapour pressure of DME at 60°C (= 15.9 barg [3]) minus 1 bar (= 15
barg). For vessels without sun protection the test pressure shall be at least the
vapour pressure of DME at 65 °C (=15.9 barg [37) minus 1 barg (= 17 barg).

8.6 Design temperatures

The minimum and maximum design temperatures shall be 253 K (-20 °C) and 323
K (50 °C) respectively, unless different requirements due to local climatological
conditions or/from authorities having jurisdiction are applicable.

8.7 Materials

DME is incompatible with most elastomers. Therefore, DME storage vessels shall
be manufactured from & material which is DME resistant, carbon steel or low alloy
steel material which is suitable within the temperature rage of - 20 °Cto + 50 °C
and which is not subject to brittle fracture and stress COITOSION.

It is assumed thar the supplier of the equipment defines Sfurther material
specifications for DME, based on the maximum operating conditions of the system.

Only these materials are allowed which show good welding properties and for
which satisfactory impact values measured al a temperature of - 20 °C can be
guaranteed, especially in the weld and the heat effected zones. Water hardened
steels shall not be used. For fine grain steels, the guaranteed value of the yield
stress Re as per material specification shall not exceed 460 N/mm and the
maximum permitted value of the tensile strength as stated in the material
specification shall not exceed 725 N/

In addition to the above, the steel shall meet the requirements of the ADR and be
made in accordance with an officiaily accepted material specification and make as
described in the ISO (International Organisation for Standardisation) standards
1SO 2605 and 6303 and in the CEOC (Colloque Furopéan des Organismes de
Contrdle) standards R2SICEOC/T9, R26/CEOC/T9 and R29/CEOC/E3.
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A procedure for acceptance of manufacturers may be found inter alia in the
following document of the CEQC: R49/CEOC/E3 "Approval of manufacturers of
fittings and flanges".

3.8 Yessel connections

8.8.1 General

~ The number of apertures/connections of a vessel shall be limited to the
FINITITL

~ The vessel shall be provided with suitable closures to allow internal inspection
of all vessel sections.
Vessels having a diameter of more than 1 m, shall be provided with a round
manhole.

8.8.2 Required connections

Lach vessel shall be equipped with connections for:

a. one or two spring loaded safety valves;

b. a maximum ullage valve, mounted on a pipe with a built-in restriction having
an 1.D. of max. 1.8 mm’ (based on a maximum nominal diameter of 1.5 mm);
a level indicator; .

a manometer (preferably combined with b, above);

the discharge of liquid DME;

the Alling of lquid DME;

{e. and {. may be one combined connection);

g. a pump overflow line in case of combined discharge and filling connection;
h., an overfill alarm;

1. a temperature indicator, installed in a thermo-well;

SN SR W !

j. & vapour connection

Note:
The vessel shatl neither be provided with drain connections nor with vent
conneciions.

8.8.3 L.ocation

All connections having a bore more than 1.8 mum” (based on a maximum nominal
diameter of 1,5 mm)}, shall be located at the bottom of the vessel between the axles
of the road tank truck, except the connections for the safety relief valves, which
shall be located as high as possible above the maximum allowable liquid level, in
the rear head of the vessel.
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The bottom of the vessel shall have ne connections from which liquid DME can be
discharged other than the connection(s) for filling and discharge and for the pump
by-pass/relief.

A vapour connection shall be provided for ingassing purposes only.

8.8.4 Size

For reasons of strength, each nozzie must have a minimum nominal size of DN 50
(2") except for pipe connections having an opening of 1.8 mm® (based on a
maximum nominal diameter of 1.5 mm), which shall have a nominal size of at
least DN 15 (1/2").

It is assumed that the supplier specifies the minimum nominal size of the nozzle,
based on the maximum operating condifions of the system.

8.9 Construction

8.9.3 Manbhele

The manhole closure shall be provided with a locked-in seal to prevent blow-out,
e.g. a ring type joint facing, male/female facing as per DIN 2513 type R13 (cover
facing type V13).

8.9.2 Fianged connections

Except for the allowed tlreaded connections as described in §8.9.3, the
connections at the vessel shall be provided with welding neck flanges or welded-in
flanges with studs. To prevent blow-oui, all flanges shall be provided wiih a
locked-in seal e.g. & ring type joint facing or male/female facing as per DIN 2513
type R13.

8.9.3 Threaded copnections

Connections being located in the vapour section of the vessel (i.e. above the max.
allowable liquid level) and having a size of not more than DN 50 (2”) may be
threaded.

The connection for the level indicator may be threaded also, provided the threaded
hole is sitvated 1n a removable flange cover.

For threaded connections, the American National Taper Thread (NPT) shall be
used only.

Threaded Joints shall be made without using hemp or similar filamentous malerial.
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8.9.4 Bolting

Bolting shall be suitably protected against corrosion c.g. by molycote and by
scaling the spacing of a flanged joint.
8.9.5 (askets and seals

‘The gaskets to be used, shall be suitable for DME service (DME resistant).
Gaskefs materials may be selected from the following table.

Type of joint Acceptable sealing material  Remarks

FFlanged seal rings/gaskets made Thickness of gaskets not to
from DME resistant exceed 3 mm. One ring /
material, gasket only to be used,

Quality It 400 or IiC, in
accordance with DIN 37354,

Threaded DME-resistant non- Thread to be clean and free
mdurating sealant. from grease. Hemp or
similar filaments not
allowed.
Couplmgs with flat Sealing made from fibre or Do not use more than one
sealing face equal DME resistant rng.
material
Note;

Elastomers shall not be used as DM attacks most elastomers.

810  Name plate

The vessel shall be provided with a corrosion resistant metal plate on which at
least the mnformation as required by the ADR shall be dic-stamped.
The plate shall be irremovably atiached to the vessel and be clearly visibie,

8.11 Supporting

The vessel shall be provided with saddie plates which shall be continuously
welded to the shell to prevent corrosion due (o ingress of moisture.

The supports shall be designed in such a way as to prevent unacceptable high local
stresses in the vessel shell. The design of the supporting shall be in accordance
with the Britsh pressure vessel standard BS 5500.

The supporting shall comply with the requirements of the ADR. This implies
amongst other things that the supports and the vessel itself must be designed 1o
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absorb the following forces when loaded with the maximum allowable filling
weight:
in the direction of travel; twice the total mass;
— atright angles to the direction of fravel: the total mass;
vertically upwards: the total mass;
- vertically downwards: twice the total mass.

The supporting shall also be suitable to carry the vessel when completely filled

with water,

8.12 Anti-stoshing baffles (surge plates)

Vessels having a capacity of more than 7500 1 shall be provided with anti-sloshing
baffles, which divide the vessel i compartments each having a volume not
exceeding 7500 1. The anti-sloshing vaffles shail comply with the requirements of
the ADR.

8.13 Hydrostatic pressure test

The vessel shall be subjected to a hydrostatic pressure t€st in accordance with the
requirements/procedures as described in the pressure vessel design code and the
requirements of the Inspection Agency.

Unless specified otherwise, the test pressure shall be maintained for not less than
12 hours. The test pressure shall be 14 barg or 16 barg (sce § 8.5).

In addition the vessel connections with installed appurtenances shall be subjected
to a pneumnatic tightness test at a pressure between 4 and 8 barg and be soap tested
at this pressure (see § 10.8 2).

8.14 External coating

The vessel shali externatly be provided with an anti corrosion coating. Prior to the
application of the coating, the mill scale shall be carcfully removed and the vesscl
surface cleaned in accordance with degree SA 2.5 of the Swedish specification

SIS-055900.

It is advisable to use a external coating which is DM resistant.
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. Vessel appurtenances
Reference is made to appendix 11 "Appurtenances for dimethylether. List of
accepted malkes".
9.1 General
The vessel and piping of a road tank truck shall be equipped with appurtenances as

described hereafter. No appurienances shail be used of which make and type have
not been approved by the Inspection Agency.

8.2 Valves

92.1 General

Al valves shall be made from steel, nodular cast iron or malleable cast iron,
provided the material quality is suitable for DME service (DME resistant) and
meets the following mechanical requirements: elongation not less than 10 %
{measured on 1= 5d}.

All valves having a nominal diameter of DN 50 (2") or smaller may have NPT
threaded connections except valves which are instalied directly on the nozzles of
the vessel. These shall be flanged. Also the valves over DN 50 {27) shell be
flanged. All valves having a bore of more than 1.8 mm’ (based on a nominal
diameter of 1.5 mm) and being directly installed on the vessel shall be "fire safe”.

A "fire-safe" valve is a valve which, by special construction or special protection,
remains tightly shut-off when exposed to fire. The manufactures's specifications
for “fire-safe” valves shall be followed in this respect.

9.2.2 Bottem valves

All filling and discharge connections of vessels shall be provided with internally
mounted flanged bottom valves. These bottom valves shall be remotely-controlled,
cither actuated by air or hydraulically. DME shall not be used for actuating
purposes. The valves shall be equipped with open/closed position ndicators. In
case of fire the bottom valves shall close automatically. The valves must be 'fail
safe’ i.e. in case the actuating is interrupted. the valves must close within 15
seconds. At a differential pressure, equal to the design pressure of the vessel (14
barg/ 16 barg) the valves shall stili provide tight shut-off and be able 1o be closed
as usuals under this condition however they may be opened with auxsliary
equipment, since bottom valves being presently available are not operable at such

high differenual pressures.
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9.2.3 Txcess flow valves and check valves

Fach connection of the DME vessel having a bore of more than 1.8 mm® (based on
a nominal diameter of 1.5 mm) and intended for inlet purposes only shall be
provided with a check valve which shall be installed inside the vessel.

Connections of the vessel having a bore of more than 1.8 mm’ and intended for
discharge, shall be provided with an excess flow valve instalied inside the vessel.
The excess {low valves shall close when the discharge flow exceeds the maximum
possible capacity during normal operation. In closed position the bore of an excess
flow valve shall not be larger than 1.8 mm®. Discharge connections for safety rehef
valves and the level control shall not be provided with excess flow valves.

Note:

In practice bottom valves are usually installed which combine the remote-
controlled shut-off function with the functions of an excess flow valve or a check
valve. An example of the working of such valves is given in figure 5.4 of chapter
5.

9.2.4 Hand-operated block valves

Flanged hand-operated shut-off valves shall be installed on those vessel nozzies
not being connections for filling, discharge, safety relief or level control. In
addition, hand-operated block valves shall at least be installed at the end of each
filling and unloading line. These valves shall be of the soft-seated globe type, in
order to prevent leakage due to contamination with solids.

9.2.5 Safety valves

Vessels for international transport shall conform the ADR requirements be
provided with not more than two safety valves whose aggregate clear cross-
scctional area of passage It the seating or seatings shall be not less than 20 ey’ per
30 m® or part thereof of the vessel's capacity. These valves shall be capabic of
opening automatically at a pressure of between 0.9 and 1.0 tmes the test pressure
of the vessel to which they are fitted. They shall be of such a type as to resist
dynamic stresses, including liquid surge. The use of dead weight or counterweight
valves is prohibited.

In case the vessels are used for national transports only, the set pressure of the
safety valves shall be equal to the design pressure of the storage vessel +10 % =
12.7 barg. The total relief capacity of the safety valves must in such a case at feast
be equal to:

Q=03 x 10.66 x A™Y.

where ( = the capacity in m” air/mun.
Air of 288 K (15°C) at a pressure of 100 klPPa.
: - on
and A = the external surface of the storage vessel concemed mm'.
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The safety valves shall be installed direetly on the vessel connections. No valves,
check valves, excess flow valves and the ke shall be mstalled neither upstream
nor downstrearn a safety valve. The safety valves shall be internally mounted, i.e.
the spring must be 1 inside the vessel whilst the dise may just protrude. Drainage
of (ramn) water must be guaranteed under all conditions.

9.2.6 Pressure velief valves

Piping sections 1 which liquid can be blocked-in between two shut-off valves
must be protected against overpressure by pressure relief valves. These pressure
relief valves shall be installed "on the line" and have sufficient blow-off capacity
based on the expansion of the DME. [The ser-pressure of the pressure relief valves
should be related ro the maximum operating pressure of the system. ]

Blow-down of pressure relief valves shall be aliowed only at well ventilated and
safc locations. Blow-down piping must not be provided with shut-ofl valves and
shal] be protected against ingress of ramwater.

9.2.7 Blow-oif valves

Just up-stream of hose couplings, blow-off valves may be provided.
[The maxinuem guantity of DMIS which is allowed 10 be blown-off per occasion
should be specified].

9.3 Liguid level indicator and flling grade control

9.3.1 Ullage valve assembly

The vessel shall be provided with a fixed internal pipe having an opening of no
more than 1.8 mm™ (based on a maximum nominal diameter of 1.5 mm}.

The pipe shall consist of an external and internal section (pipe in pipe). The
internal part of the pipe shall extend upwards to the maximum allowable filling
level (86 % by volume) as 1s mdicated on the name plate of the vessel The pipe
section outside the vessel shall be provided with an ullage valve and a shut-off

valve,

Note:

If the maximum aliowed {illing level has been reached, a white cloud will become
visible when opening the valve, The cloud s caused by condensing water vapour
from the air, Gascous DM escapes colourless.
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9.3.2 Level indicator

The vessel shall be equipped with a level indicator of suitable construction to meet
the design pressure of the vessel. If DME is blown-out at that pressure, the
construction shall be such that not more DME is blown ouf than can pass an
opening having a cross-sectional area of 1.8 mm’ (based on a maximum nominal
drameter of 1.5 mm). The use of gauge glasses is prohibited.

9.3.3 Owverfill alarm

The vessel shall be equipped with an alarm which shall be activated during filling
when the liquid level has reached a certain pre-determined level. Taking the filling
velocity into consideration, sufficient time shall be left afier the alarm to allow
stopping the filling process prior to the lquid level having reached the allowable

MAXInum.

Setting of the alarm at the 81 % level will suffice in this respect.

9.4 Pressure and temperature indicators

The vessel shall be provided with a suitable pressure gauge, which is in direct
communication with the vapour space above the hquid level. A valve shall be
mounted between the vessel and the pressure gaunge. This pressure gauge shall
preferably be combined with the pipe on which the ullage valve has been mounted.

The accuracy class of the pressure gauge shall be at least 2.5 (maximum deviation
2.5 % from the full-scale end value).

If a vessel is provided with a thermometer, this mnstrument shall be mounted m
such a way that the temperature of the liquid is measured without any part of the
thermometer itself coming into contact with the liquid, c.g. by means of a thermo-
well,

9.5 Filters

Filters shall be made from either cast stee!l or cast iron {malleable or nodular)
provided the quality of the material is suitable for DME service (DME resistant)
and meets at least the mechanical properties as specified for valves under § 9.2,
The design pressure shall be at least equal to the test pressure of the vessel.

9.6 Transfer pumps
Pumps shall be specificalty designed for DME service (due to the poor viscosity

and poor lubricity of DME) and be made either from cast steel or cast iron
{modular or malleable) which shall meet the mechanical properties as specified for
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valves under § 9.2, Pumps shail be provided with an overflow/reliel valve to
protect the pump casing from overpressure when pumping against a closed
discharge. This vatve shall discharge back into the DMIE vessel at a pre-deternuned
set pressure, selected in relation with the pump curve, and the valve shall be of
sufficient capacity to handie the maximum pump {low at this pressure.

The maximum differential pressure of the pump (shut-in pressure) shall be faken as
10 bar as a maxinum.

[The design pressure of the pump should be related to the design pressure of the
piping system, which has 1o be specified].

The connection between pump and piping shall be such that unacceptable
mechanical stresses can not occur, e.g. by usage of flexible steel joints, of a type
whicl meets the approval of the Inspection Agency. Elastomers are not acceptable
{(as DMI attacks most elastomers); the material used for this connection should be
DME resistant.

9.7 ¥Flow meters

[Flowmeters and their appurtenances shall be suitable for DME service and have
a design pressure which is related 1o the maximum operating pressure of the
systen. |

9.8 Flexible joints

Flexibie joints shall be of a type proven to be suitable for the design conditions.

4.9 Moses and hose reels

9.9.1 Hose reel assemblies

Hose recl assemblies shall be suitable for DMIE service. DME contaming parts
shall have a design pressure which is in accordance with the maximum operating
pressure.

9.9.2 Foses

Filling as well as discharge hoses shall meet the following requirements:

— suitable for DME service. i.e. be DME-resistant;

— i is assumed that the supplier specifies the certified bursting pressure of the
hose.
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9.9.3 Hose couplings and adapters

For the connection of hoses, threaded couplings shall be used which shall be of the
followmg type:

Coupling with hexagon swivel nui and with ACME thread, the hose insert part
wiih swivel nut and nipple provided with a spherical seat.

The other coupling half shall be provided with an inserted copper or DME
resistant soft seat.

For the attachment of the coupling to ihe hose, a clamp connection or similar
device shall be used, which is not adjustable and not casy to take apart. Clamp
connections provided with at feast 4 bolts shail be used for hose diameters from 25
nm up to 75 mm and with at least six bolts for hose diameters over 75 mm.

The pressure at which the hydrostatic test should be performed should be specified
an at least n accordance with the design pressure of the couplings. The couplings
shall not leak nor show any mdication of weakeming {as in accordance with the
requirenzents of the Inspection Agency).

Adapters shall comply with the above requirements as well.
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10, Requirements for DME piping

In this section the requirements are given for the design, fabrication, mspection
and testing of piping containing Hquid and/or gaseous DME.

161 Design codes and regulations

DME containing piping is subjected to the inspection and acceptance of the
Inspection Agency.

The piping shall be designed, fabricated, mstalled, tesied and inspected m
accordance with ANSIVASMYE B31.3: "Chemical Plant and Petroleum refinery
Piping" and as stated in this regulation.

10.2 Dresign and test pressures

[The design pressure shall be related to the maximum operation pressure of the
system]. The hydrostatic test pressure shall be equal to the design pressure.

10.3 Design temperatures

The minimum design temperature shall be 253 K (-20 °C), the maximum design
temperature is 323 K (+50 °C), uniess local climatological conditions and/or
authorities having jurisdiction require different criteria (sec also § 8.6).

104  Design

For the DME containing piping including related piping components and

anciliaries, the following shall be observed:

— The entire piping system inclusive ancillaries shall be locaied within the
horizontal protection of the vessel.

- The entire piping system, including the appurtenances shall, where possible, be
constructed with welded joints and, where necessary, with flanged joints. The
number of flanged joints shall be kept down to a minimum, while welding-neck
flanges only may be applied.

. Piping and appurienances with a nominal diameter of at most DN 50 may be
joined with a tapered thread according the American National Pipe Taper
(NPT), but shall preferably be welded or provided with flanged joints.

The piping systems shall be designed in such a way as to minimise deformations of
the bottom valve areas due to external forces.

In addition to the instaliation of flexible joints, piping systems shall be well
secured to minimise vibrations in the best possible way.
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Detachable connections shall be readily accessible for mamtenance.

10.5 Materials

DME is incompatible with most elastomers. Therefore, material for pipe, fittings
and flanges shall be manufactured from a material which is DME resistant, low
carbon steel or low-alloy steel, suitable {o meet the design temperatures and made
in accordance with an officially accepted material specification as described in the
ISO documents 2634 and 2635,

The carbon content for all materials shall not exceed 0.23 %.

10.5.1  Pipe

Pipe shall be seamless and have plain ends, dimensions as per DIN 2448 or BS
360, The maximum specified tensile strength, however, shall not exceed 450
Nimm”®.

Mechanical properties shall include sufficient impact values at - 20 °C (see also §
10.3).

10.5.2  Fittings

Butt-welded forged scamless steel fittings, dimensions as per BS-1640 or DIN
2615 (tees), DIN 26035 (elbows), IMN 2616 (reducers) and DIN 2617 {caps).
Threaded forged seamless steel fittings, dimensions as per BS-3799 or DIN 2980,
provided with American National Pipe Taper Thread {(INPT).

Acceptable material: ASTM A-234 WPB or equivalent.

153 Flanges

Forged steel welding neck flanges made from C22 material according DIN 17200,
ASTM A-105 or equivalent, having a pressure rating PN-40 or ANSI class 300
according ANSI B16.5. Welding neck flanges as per DIN 2635, BS-4504 or equal,
are acceptable. The thickness of the welded shall be at least equal to the wail
thickness of the maiching pipe. Facings should be according DIN 2513 type RI3
(cover facing type V13} as described previously in § 8.9.2, however, raised face
flanges are also allowed (DIN 2526 form C or equal).

10.5.4  Bolfing and threaded connections

Reference 13 made to § 8.94 and § 8.3.4.
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16.5.5  Gasketls and sealsg

Reference 1s made to § 8.9.5.

10.6 Fabrication

The fabrication and installation of the DME piping and appurtenances shall be
carried-out by a qualified contractor. Upon termuination of the works, this
contractor shall provide a complete set of “"as-built" installation drawings; cach
document stamped "as-built" dated and duly signed.

10.7 Welding

10.7.1  General

Ne production welding shall be commenced until:

~ Welding procedures and welders performance tests have been qualified n
accordance with the applicable welding code and the regulations of the
Inspection Agency.

- Welder performance qualifications have been approved by the Inspection

Agency.
10.7.2 Welding procedure gualification
Welding shall only be carried out in accordance with qualified welding procedure
specifications prepared for each welding process, material and service condition,
e.g. ASME Section IX, BS 4870/4871, or any other internationally accepted code.
10.7.3  Welders performance qualification test
Welders shall pass a performance gualification test i accordance with ASME
Section IX, BS 4870/4871.0r any other imternationally accepled cede. Existing
welder qualifications are acceptable, provided the qualification is relevant to the

welding to be carried-out. Welders must have suceessfully welded the previous six

months.

10.7.4  Welder identification

Each welder shall be issued with an identification card.

10.7.5 Welding processes
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Al welding shall be camed-ont in accordance with ANSI I3 31.3 unless noted

otherwise.

10.7.6  Weld inspection

Inspection of welds shall be carried-out prior to any painiing, coating or msulation
and be carried-out i accordance with ASME/ANSI B 31.3 and as fusther specified
here in. Any weld shall be inspected over 1ts full (circumfereniial) length.

Radiographic examination shall be performed accordance with section IIS/IIW-
492.75 "Recommended practice for radiographic inspection of fusion-welded
circumferential joints in steel pipes from 1 mm up to 50 mun wall thickness class
3"

All inspections shall be performed under the dircction of licensed operators,
gualified to the American Society of Non-destructive Testing (ASNT) Level 11 or
cguivalent. operators shall be employed by an independent inspection company (¢
be approved by the Inspection Agency. ‘The results of such inspections shall be
submitted to the Inspection Agency.

Acceptance criterta of welds shall be 1 accordance with ANSI B 31.3, table
327.4.1A "Limitations on imperfections m welds”,

10.8 Pressure testing

10L8.1  Hydrostatic Pressure testing {strength fest)

[The DME piping and appurtenances shall be subjected fo a hydrostatic pressure
which is equal to the design pressure of the system.] The pressure shall be
maintained for not less than one houwr and the test shall be carried-out 1n
accordance with the ASMI code section VIIT, div. 1 and the requirermnents of the
Ingpection Agency.

10.8.2  Pnewmatic tightness fest

After the hydrostatic strength test has been successfully completed, the DM
piping and appurtenances shall be subjected to a pneumatic tightness test at a
pressure between 4 and 8 barg, All jomnts, welds and conmections shall be
"swabbed" (soap-tested) with a suifable leak detection solution. The pressure shall
be measured using precision pressure mstnaments,

1.8.3  Test Records

All test records shall be properly noted and forwarded Lo the Inspection Agency.
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10.9 External corrosion protection
DME piping systems shall be externally protecied against corrosion by painting;
prior ¢ application of the paint, the swiace of the piping and applicable piping

components shall be shotbiasted to a degree of cleanness in accordance with Sa 2.5
of the Swedish Specification SIS 055900.

It is advisable to use an external coating which is DMI resistani.
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11. Electrical requirements
111 Hazardous area classification

Areas of an installation shall be classified into danger zones, depending on the
likelihood of explosive gas/air mixture occurrences. The following classification
shall be used:

Zone 0
An area where explosive gas/air mixture is present either continuously or during
lengthy perieds of time.,

Zone ]
An area where presence of an explosive gas/anr mixture is likely under nermal
operating conditions.

An arca where as explosive gas/air nuxiure will not hikely ocowr ox, 1f 1t should
oceur, this will only be for a short period of time.

Non-hazardous area
An area where explosive gas/air mixfures are expecied to occur either in such

quaniities or during
such a period, that special precautionary measures are required for electrical
equipment.

Around the major equipment of the installation and the connected piping,
occasionally small quantitics will escape. Such lcakages are considered as
secondary sources of hazard. Considering the number of leakages to be expected,
the electnieal equipment of the DMIE facilities shall comply with fhe requirements
of zone 2.

i1.2 Area zoning

The area zoning in compliance with the above classification shall be as follows:
electrical equipment inside the storage vessel: zone 0;

- electrical equipment installed in the equipment cabinets: zone 1;
clectrical equipment installed outside the equipment cabineis: zone 2;

11.3 Electrical equipment
Electrical equipment shalt be suitably protected against atmospheric conditions. In

zones 0, 1T and 2 explosion proof electrical equipment shall be applied, which
complies with Cenelee standards 50014 up to 50020.
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In zone 0, the equipment shall meet BEX-i-IIA-T2, in zone 1 the equipment shall
meet BEX-dIIA-T2, in zone 2 the equipment shall meet EEX-¢-JIA-T2,

Motors of pumps and compressors shall be provided with a thermal proiection

device.

A contactor-starter shall be installed near all motors. The purpose and the
switching positions shall be clearly indicated on or near each contactor-starier.

11.4 Electrical appliances

The use of transportable electric cables and transporfable electrical apphances is
not permitted in the danger zones, with the exception of hand-lamps with own
power source and approved by the Inspection Agency. No heated objects with a
surface temperature in excess of a temperature equal 10 the autc-1gnition
temperature {zone 1 and 2) respectively 80% of the aulo-ignition termperature
(zone 0) or open flames may be present, also smoking is not allowed. The
clectrical instaflation within the explosion-hazardous zone shall be capable of
being completely switched off by means of one or more circuit-breakers located m

a non-hazardous area.

The entire electrical installation shall comply with the installation requirements of
standard IEC-BD-384.

11.5 Earthing

The vessel, appurtenances and DME piping shall be electrically bonded to the
carrying vehicle, In case of articulated vehicles, the trailer shall be in clectnieal
continuity with the motive unit,

The toad tank fruck shall be equipped with a connection lug on the vessel to
conneci an external earthing cable during filling at the depot. The electrical
resistance between this lug and the vessel and piping system, shall not be more
than 5 Ohm.

The road tank truck shall also be provided with a bonding cable of 15 metres
length to discharge static electricity. The cable shall be suttable to be connected to
the weatherproof cabinet adjacent to the filling point of a DME service station and
shall be combined with the cable to connect the ESD systems of the road tank

truck and the service station.
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12. Inspections and approvals
12.1 First inspection

Prior to any mspection/acceptance of the vehicle m its entirety by the Ministry of
Traffic; the DME installation, f.c. the vessel with its appurtenances and the DM
related piping, shall be inspected and tested by the Inspection Agency in
compliance with the statements of the ADR. When the inspection results are
considered to be satisfactonly, the Inspection Agency will provide the
Owner/Principal of the road tank truck with an inspection certificate. This
certificate has to be made available (o the Ministry of Traffic before the road tank
truck 1n its entirety is released for service.

12.1.1 DME vessel

Fach DME vessel shall be subjected to the inspection and approval of the
mspection Agency.

The activities of the Inspection Agency will include:

- Tormal approval for construction:
the approval will be issued after review of the construction drawings,
caiculations and intended materials;

— Qualification of welding procedures and welders/welding machine operators;

—~ Approval of construction material:

If required the Inspection Agency will attend material tests and carry out
mnspections at the mill and manufacturers shops;

— IFabrication supervision:

General supervision on workmanship and fabrication procedures, check whether
construction materiais conform fo the certificates, attending hydrostatic pressure
tests, review of non-destructive testing results;

— Final acceptance of the vessel at manufacturer's works: this includes an internal
and external mspection of the vessel including a check of the overall
dimensions, flange ratings and sizes, position of nozzles and type of vessel
appurtenances, acceptance of the fabrication report comprising all material
certificates, test records, vessel data sheet and construction drawings. Upon
acceptance the Inspection Agency will issue an inspection certificate and stamp
the nameplate accordingly.

1212 Vessel appurtenances and DME system ancillaries
Vessel appurtenances and DMIE system ancillaries shall be ol a make and type as

approved by the inspection Agency. General requirements applicable for the
various appurtenances and system components are given in chapter 9; as a guide
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for the procedures to be followed to obtain such an approval, reference 15 made to
MOR0618312 of the "Rules for Pressure Vessels" as attached m Appendix 11

Once the make and type of a particular appurtenance have been approved, n
principle identical cquipment will be accepted by the Inspection Agency upon
receipt of the manufacturer's test and material certificates.

The vessel appurtenances, once installed on the vessel shall be tested/inspected by

the Inspection Agency in compliance with the ADI.

This mspection will comprise the {ollowing:
check whether the vessel has been inspected/tested at the manufacturer's shop;
check whether those vessel appurtenances, requiring indrvidual inspection and
testing by the Inspection Agency, conform io the requirements which includes
checking the test certificates as well;

- check whether make and type/size of the remaining appurtenances have been
officially approved and certified,
check set pressure and required capacity of safety valves;
check whether the connections on the vessel are gastight;

----- check on proper instaliation and operation of safety devices and other
ancillaries installed on, or related to, the vessel;
check whether the appurtenances have been installed in accordance with the
construction drawings and piping diagrams as previously approved by the
Inspection Agency.

12.1.3  DME piping systems

The inspection and final acceptance of the DME piping will be performed by the

Inspeetion Agency.

Prior to starting the construction, the Inspection Agency will give:
approvai on welding procedures;

— approval on welder qualifications;
approval on materials for pipe, fittings, flanges eic;

----- approval on the P & TD's (piping and instrument diagrams) showmg the DME:
related systems in their entirety with all components, safety devices and
mstruments;
approval on the appurtenances and ancillaries intended to be installed (check
on make and type);
approval on the construction drawings.

During fabrication the Inspection Agency will supervise the waorks and cheek
whether the construction materials conform to the certificates.

The final testing and inspection of the installed piping system will comprnisce:

check on the welds and piping materals;

check whether all safety devices have been mstalled as required;
verification of the certificates for appurtenances and ancillaries (only
approved cquipment should have been mstalled);
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check on the set pressures and capacities of safety valves inclusive a check on
proper operation of the safety devices;

~  altendance at the pressure testing of the system as described before in § 108
and § 8.13.

12.2 Final acceptance of the DME installation of the truck
The Inspection Agency will officially accept the DME facilities when the

inspection of the vessel and its appurtenances and the inspection/iests of the piping
systems as described above were considered satisfactorily.
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13. Qualification of contractors for work on DME
installations

In order to ensure the safe construction and operation of DML mstailations on
DME road tank trucks the governmental Inspection Agency requires contracting
companies who want to be active In this field to prove thew capabilities. A
contractor is only eligible for qualification if, to the satisfaction of the Agency, the
contractor meets certain requirements.

These requirements are defined in Appendix. IIT, the "Regulation concemning the
qualification of contractors for the construction, mainienance, repair, mspection
and testing of DM installations”.

This "Regulation for qualification” sets forth the requirements regarding quality of
work and company organisation which shall be met by the Contractor. It also
describes the procedure to be followed for qualification and rules regarding the
duration of validity of qualification.

Contractors which comply with the above mentioned regulation will be issued a
Certificate of Registration as DME contractor, permitting them fo perform
activities m this field.
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introduction

This section forms part of the ‘Regulations for DM Service Stations and Road
Tank Trucks’. It provides the regulations for the management and operation of
DME tank frucks.

The ‘Regulations concerning the management and operation of DME Road
Tank trucks’ given in this section, are based on excisting regulations and
guidelines for LPG Road Tank trucks [1] and made specific for DME where
necessary.

The application of the ‘Regulations’ as mentioned in this section will contribute
to the safe management and operation of DME facilities on road tank frucks
and to the prevention of hazards.

While every effort has been made to ensure the accuracy and reliability of the
data confained in these regulations, neither TNO nor the authors shall be held
responsible or liable n any way for loss or damage resulting from their use or
from any violation of state or international regulations with which they may
conflict.

The regulations also cannot be deemed to contain all conditions that must be
necessarily be fulfilled for safe construction and usage. The lLiability remains
with principals, manufacturers and the management for the installation.
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2. Scope

This section covers the requirements related to the management and operation of
DME facilities on road tank trucks . It provides guidance for the safe loading,
transit and discharge of DME and of the driver’s duties and responsibilities in this
respect,

It also contains information on the properties of DMI, instructions for driver
training as well as inspection and maintenance procedures, emergency procedures
and fire-fighting instructions.

Furthermore reference is made in this section to applicable appendices of the
‘Regulations’ which contain information regarding: regulations for the
qualification as DME contractor, the contents of an ‘Installation Book’, an
example of an ‘Emergency plan’, first aid measures, procedures for
depressurisation and degassing of DME instaliations and for the commisioning of
new or degasses mstallations, as well as a Hsting of applicable articles of the ADR.

Aspects of design and construction of DME road tank trucks are covered in section
3, ‘Regulations for the design and construction of DME Road Tank Trucks’, which
also forms part of the ‘Regulations for DME Service Stations and Road Tank
Trucks’
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3.

Definition of terms

For the purpose of these Regulations the following definitions shall held:

ADR
European Agreement concerning the international Carriage of Dangerous
Goods by Road.

BLEVE

“‘Boiling Liquid Expanding Vapour Explosion’

An explosion caused by the sudden formation and subsequent ignition of iar;_,c
quantities of DME vapours, normally due to rupture of a storage vessel.

Contractor (qualified)

Confractor is a company which carries-out activities in the field of construction,
inainlenance, repair, inspection and testing of DME instaliations. A. qualified
contractor has acquired a valid certificate of registraiion from the Inspection
Agency.

Degassing

Degassing is the procedure by which the gas concentration in a storage vessel
and/or related piping system is safely reduced and then maintained at a level
which is not higher than 10% of the jower explosion limit.

DME
Di-methy! ether, which is used as fuel for motorcars

DME delivery column
An apparatus designed for deliveries of DME into DME tanks of motorcars,
also called dispenser column.

DME road tank truck
A truck, equipped with a storage vessel and appurtenances, especially designed
for the transport of DML by road.

DME service stalion
An establishment containing {acilities where DME is stored and dispensed to

matorcars.

Filling point

The connection point for the hose of the tank fruck. At this point DME is
transferred from the road tank truck to the installation. The tank truck s
unloaded, the storage vessel filled.

Ingassing

The procedure by which DME is transfersed into a pasfree DME storage vessel
and /or piping sysiem, thereby increasing the gas conceniration up o a level
well exceeding the upper explosion limit.
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Inspecrion Agency

An institution, governmental or private, authorised to perforn: inspection work
on a DME installation or part there-of. This includes all matters related to the
engineering, fabrication, inspection and testing of such installations.

Mounded storage vessel
A DME storage vessel, installed above grade compietely covered by a mound
made of sand covered with tiles.

Principal

The company which initiates and ultimately pays for the design and
construction of a DME service station and hence will be involved m the control
of the quality of the station’s facilities and the services rendered.

‘Regulations’
The Regulations for DME Service Stations and Road Tank trucks.
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4. Product information
4.1 DME

Dimethyl ether 1s produced from ‘syngas’ by means of a catalytic process. Syngas
15 a muxture of hydrogen, carbon monoxide and carbon dioxide which 1s often used
by the industry as an intermediate step for the production of many chemicals and
also for power generation. Syngas can be made from a variety of feedstock such as
natural gas and coal, but also from renewable feedstock like wood.

4.2 Properties of DM

DME is 1 the vapour phase at atmospheric pressure and normal ambient
temperatures: the atmospheric boifing point of DML is - 24.8 °C. Liguefaction of
DML at ambient temperatures requires pressurisation. Typically, the vapour
pressure of DML 1s approximately 5.3 bar at 20 °C.

if the pressure is reduced to atmospheric, e.g. by leakage, DME evaporates
quickly. When DM evaporates it expands to about 350 times its original liquid
volume and, as gaseous DME is approximately 1.8 times as heavy as air, spreads
out at ground level accumulating in low places as cellars or sewers.

During evaporation the temperature of DME reduces. When mixed with air this
causes condensation of the water vapours in the air and a visible cloud of the gas
fair muxture is formed.

If, however, DME in the gaseous siate is released into the atmosphere, this gas
remaln invisible.

DML becomes explosive when mixed with air, A mixture of containing between
approximately 3.4 vol% and 18 vol% of DME in air is within the explosion limits
and 1s highly flammable. A small spark or the presence of static electricity could
already cause an explosion.

DMIE does not have to be classified as a dangerous toxic substance, However,
DME produces an anaesthetic or narcotic effect with inhalation of vapours.
Concentration of 5-20 % by volume can cause Irritation, incoordination, shoriness
of breath, drowsiness, intoxication, blurring of vision, headaches, dizziness,
excitation, and unconsciousness. These appear (o be short-term effects caused by
short-term exposure.

DMIE in higher concentrations, in excess of 20 %, can increase the risk of cardiac
irregularities and possible cardiac arrest. In high concentrations DME replaces
breathing air and acts as a simple asphyxiant. This is the result of the displacement
and lack of oxygen.
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Although DME has a slight ethereal odour an odorant will need to be added to aid
in detection of leaks.

The detection of leaks should be by the use a suitable gas detector and NIEVER
WITH A NAKED FLAME.

Liguid DME is lighter than water and therefore water, if present in a road tank
truck or storage vessel will collect at the bottom of the vessel. Besides, DME is
soluble in water through which part of the DME will be within the water phase.

DME is not corrosive to steel, which is used in the construction of road tank truck
and storage vessels and piping, but attacks most elastomers.

Furthermore, DME is a poor conductor and has a poor fuel viscosity and jubricity
through which the design of the appurtenances such as pumps, meters eic. 1s
atfected.
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5. Description of a DME road tank truck

In the "Regulations for the design and construction of DME road tank trucks"
(section 3), a description is given of an DME road tank truck, including a typical
scheme of the truck's DME facilities and a sketch of a typical road tank truck.

This description should be considered as typical only. Each driver must become
farniliar with the particularities of his truck and shall therefore be provided with a
simifar description for his own truck, which shall be kept as part of his
documentation in the cab of the truck.
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6. Driver certificate and training

6.1 Brriver certificate

Conform the regulations as stated in the ADR, the driver of a tank truck on
mternational routes is required to be in possession of a valid ADR-driver
certificate.

This certificate shall also be made mandatory for the transport of dangerous goods
on internal routes. The driver of a DML tank truck shall in addition be required to
obtain an annotation on his certificate, stating that he/she has successfully
completed a training course for the transport and handling of DME.

6.2 Instiructions for driver training

All drivers handling DME road tank frucks shall be given training so that they are
familiar with the duties they are expected to perform in accordance with these
regulations. They shall also be made familiar with the properties of DME.

The training syllabus shall be designed to familiarise the driver with the types of
customer storage vessels and faciiities and their sittings, as well as with the routing
for transport of dangerous goods.

Emergency procedures and the procedures for reporting accidents, both written
and verbal, shall be Inctuded in the training,.

Practical training in fire-fighting and the application of medical first aid (see
Appendix VIH), shall be given.

It is recommended that the driver undergoes a refresher course at intervals not
exceeding S years. A record of the driver's training shall be kept by the employer.
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7. General instructions for drivers
7.1 Driver's clothing

When performing operations with DME, the driver shall wear gloves and ensure
that the body and arms are completely covered. In no circumstances shall steel-
studded footwear be worn.

7.2 Paily chiecklist for drivers

The driver must carry out the following checks before commencing work:

- visually inspect the road tank truck for tightness and for any damage which
may have ocourred;
check the condition and pressure of the tyres of the tank truck;

check the electrical system including the battery;

- check the engine - water, oil, elc.;

= check the hydraulic fluid level in the brakes;

- check the level of the fuel in the tank and also check the cap for tightness;

- operate the emergency lamps (if carried),

- verify the presence of the fire extinguishers;

- check that the correct documentation s in the cab of the road tank truck;

- start the engine and test the brakes;

- check that emergency safety devices are operational.

This aiso applies when the driver takes over a Joaded truck from an other driver. In
addition, he shall check the loading bill to ensure that the correct product has been
loaded.

7.3 Prohibitions

The driver is not allowed to: drink alcohol in excess of any permitied hmit before
and during driving the road tank fruck; smoke on the road tank truck; carry an
unauthorised person or persons on the tank truck.

The driver shall conform to the speed limits prevailing in the country in which the
tanker is driven, or observe the individual Company's operating maximum speed
where this is applicable,

The driver shall make the tank truck safe at cach stop by switching off the ignition
system, applying the hand brake and placing the wheel chocks in position if the
ground is uneven.
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8. Loading, transport and discharge of DME

8.1 Priver duties and responsibilities

The main responsibility for safe handling of DME rests with "the employer”. "The
employer” could be a different one for each handling stage. e.g.
during loading: the management of the refinery or supply depot,
~ during transport: the management of the transport company;
— during discharge: the management of the service station.

The driver is an employee of the transport company. If he/she 1s authorised to
perform activities during loading or discharge of DME and abides by the rules, the
main responsibility for safety remains with the employer of the loading or
discharge facilities. If, however, hefshe is not authorised or does not follow the
correct procedures, the management of the transport company could be held

responsible.

The driver has his/her own duties and responsibilities.

These comprise:

— compliance with the general instractions for drivers (see chapter 7);

— performance of DME handling activities in accordance with the relevant
procedures as made available to him/her;
usage of the emergency and fire-fighting procedures in case of hazards. This
includes alerting people 1 the surroundings.

The driver shail not be made responsible for depressurization and degassing or for
ingassing of the truck vessel. The purging and first filling of the vessel shall be
carried out by a qualified contractor which shall adhere to the degassing and
ingassing procedures as given in the Appendices IV and V.

8.2 Leading of the tank {ruck

Loading of the tank truck shall be carried out in accordance with the foliowing

procedures:

— the driver shall position the vehicle at the designated area of the supply depot,
facing the direction of departure;

- the driver shall stop the engine, apply the hand brake and place the wheel
chocks in position if the ground is sloping;

— the driver shall open the metering cabinet, which energises the drive-off alarm

instatlation;

the suppty depot operator shall connect the earthing cable between road tank
truck and filling point;

the driver shall carefully remove the protective cap or flange from the Hilling

connection;
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the depot operator shall connect the hose or Joading arm from the supply
manifold to the tank truck filling valve, using only spark-free tools if any;

the driver shall check all conmections for tightness and open the filling valves;
the driver shall establish the remaining contents of the vessel, where after the
depot operator shall establish, cither by weight or by volume, the maximum

supply quantity;

Note;
The maximum filling grade (volume) and filling weight are marked on the tank

truck;

the depot operator shail open the valves on the supply depot, check all depot
connections for tightness, and start the pump. I loadmg occurs on a
weighbridge or by means of a volume meter with pre-setiing and automatic
stopping device, the exact filling quantity shall be set prior to starting the
pUIp;

the depot operator shall remain in close proxinity to the tank truck throughout
the filling operation and check whether {illing proceeds normally and especially
whether the maximum filling level 1s not exceeded;

i overfilling has occurred, the driver shall contact the depot supervisor, so that
appropriate action can be taken;

when the maximum filling level has been reached, filling shall be stopped by
stopping the pump and closure of the valves, where after the small amounts of
DME which are enclosed between the connections shall be vented before
disconnecting the supply manifold;

Stoppage of the pump may be indicated by one of the following provisions:

a. arotogaunge of the road tank fruck;

b, the volume meter and/or the automnatic stopping device of the meter of the
depot;

¢. the weighbridge and/or the autoratic stopping device of the weighbridge;

d. the independently working pre-alarm of the road tank truck.
the driver shall replace the blanking cap or flange on the filling connection; the
depot operator shall disconnect the earthing cable;

. the driver shall visually inspect the truck for leak tightness, close the cabinet,
take receipt of the loading documents, remove the wheel chocks (if used) and
start the engine

Note

over the filling operation from the supply depot operator.

TNO-MER - R 98/25011
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Transport of DME

during transport of DME, the driver must conform with the laws/regulations of
the country in which he is driving and when parking only do so i a permitted
place and not in the proximity of inhabited buiidings.

the driver shall ensure that the tank fruck is never parked in a heavily congested
area;

in the event of vehicle immobilisation when on the road, reflecting iriangles
shall be placed by the driver one 30 metres behind and another at 10 metres in
front of the road tank truck or at any other prescribed distance in order to
conform with the regulations of the country in which the tank truck is
operating.

If during transport the driver discovers a gas leakage, he/she shall act in
accordance with the emergency and/or {ire-Hghting procedures as described in

chapters % and 10,

8.4 Discharge of DME

The discharge of DME into the storage vessel of an DME service station shall be
carried out by the driver in accordance with the following procedure.

The driver shall:

ensure that the area is safe for unloading;

position the vehicle at the designated area of the service station. facing the
direction of departure;

stop the engine, apply the handbrake and place wheel chocks in position if the
ground 15 sloping;

inform the atiendant of the service station that he intends unloading;

vead off the contents gauge of the storage vessel,

visually inspect the vesse! connections for tightness and establish the maximum
filling load;

open the metering cabinet of his truck which energises the drive-off alarm;
connect the connection cable with the filling point of theservice station. This
provides earthing and ensures the connection of the truck's emergency shut-
down (ESD) system with that of the service station,

carefully remove the protection caps or flanges from the hose connections and
connect the hose to the filling point, using only spark-free tools if any;

inspect the filling point connection for tighiness;

apply the switch key of the switch at the filling point in order to open the
remote-controiled filling valve of the service station;

start the engine of the truck, open the push-button operated remote controlied
hottom-valves of the guck's vessel and the hand-operated block valves and start

the pump;
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remain in close proximity of the track throughout the unloading operation and
check on the level gauge installed near the filling point whether the maxamum
filling level of the storage vessel is not exceeded;

stop the pumyp timely before the maxinmim fifling level would be reached. A
pre-alarm with a setting of approximately 5 vol% below the maximum level
should provide an early warning to the driver;

close the filling valves of the tank truck including the remote controlied valves
and stop the engine;

apply the switch key at the {illing point to close the remote-controiled filling
valve of the station, close the hand-operated filling valve at the fiiling pomnt and
vent the smal} amounts of DME enclosed between the COnnechions;

disconnect the hose. Replace the protective cap or flange on the hose-end and
filling point and put the hose back on the hosereel;

disconnect the cable which provided the earthing and coupling of ESD-systems,
establish and put on record the exact amount loaded and close the cabinet. This
de-activates the drive-off alanm, and on some trucks also the remete-controlled
valves and the pumyp switch;

visually inspect the storage vessel, filling point and tank truck for leak-tightness
and inform the attendant of the station that the loading operation is ended;
remove the wheel chocks (if used), start the engine and drive-off.
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9. Emergency procedures

9.1 DME leakage at the supply depot

In the event that a driver notices a gas eakage at the supply depot, whether from

depot or from tank truck equipment, he/she shall:

- immediately warn the depot supervisor;

- offer assistance to this supervisor and accept his/her instructions;

~ not make use of the truck's ESD system to close the botiom valves, unless
requested to do so by the supervisor,

Note:

Although a leakage could occur at the tank truck as well as the depot equipment,
the driver is on the depot area and should not take any actions which could have
repercussions for the safety on the depot. Skilled personnel should be present at
the depot, capable to take the required actions. The driver shall not activate the
iruck's ESD system, before requested fo do so, because this would increase the
pressure upstream of the bottom valves (e.g. in the loading arm/hose} if the DME
loading pump of the depot is stll running,.

If however the ESD-systems of the depot and tank truck are designed to be
inferconnccted in a similar way as described for tank truck and service station, the
driver could activate the truck's ESD-system as this would then stop the loadmg
pump as well,

9.2 DIVIE leakage at the service station

In the event that a driver notices a gas leakage at the service station, or if a leakage

occurs during filling of the vessel {e.g. a hose burst), he/she shall:
activitate the fruck's ESD system and/or switch-off the batiery master swiich,
which should stop the pump and close the truck’s bottom valves as well as the
rernote-controlled valves of the station;
stop the truck's engine;
warn the attendant of the station and inform him about the exient of the leakape
(if the attendant remains unaware of the leak, he/she may open the station's
valves again);

-~ {ry to stop the leakage;

~ If not successful in his attempts to stop the jeak, inform the attendant, who shall
than execule the emergency plan;
assist the atiendant in taking the nccessary actions: e.g. warn the fhre-brigade
and his technical supervisor, isolate the area and wam people i the
surroundings.

Under no circumstances he/she shall try to start the truck's engine agamn before the
surrounding area has been made safe.
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5.3 DME Jeakage during transport

In the unlikely event of an DME leak developing during normal transport, he/she
shall check the open/closed position of the bottom valves and shall atiempt to stop
the lealk.

If this is not immediately possible he/she shall drive the truck off the highway in 2
carefully controiled manner, if this to hisfher own judgement is possible, and shall
than attempt to stop the leak after {irst stopping the engine and switching off all
electrical circuits on the road tank truck.

If the leakage cannot be stopped, the driver shall seek assistance immediately in
order to isolate the area from the public, forbid smoking or the presence of naked
lghts, call the Police and the Fire Brigade, keep the fire extinguishers ready and
remain near the tank truck at the end facing the wind and avoid making sparks with

the tools.

The driver must hand the ADR Standard Product Card or equivalent to the Pohce
or Fire Brigade on arrival at the site. The driver must also remember that DMI
vapours are heavier than air and that they tend therefore to collect in ditches and
other low-tying areas.

In the event that a leakage is followed by fire, he/she shall act in accordance with
the fire-fighting instructions.

If a leakage is caused by an accident, this will in many cases creale a situation
whereby the escape of gas is beyond control of the driver.

If this occurs, he/she shall in any case try {o stop the engine, turn-off the battery
master switch, seek assistapce fo evacuate the area and have the firebrigade
warned.

TNO-MEP - R 98/28011



Draft TNQ-report, version daled 10-02-98

TNO-MEP - R 88/28011

19 of 29

10. Firve-fighting instructions

16.1 General

If a fire breaks out on a DME tank truck, the driver shall immediately stop the
engine, activate the ESD system and turn the battery master switch o the “off”
position. The fire shall be tackled resolutely with the truck’s fire extinguishers.

if the driver is not virtuaily immediately successful in his attempis to stop the fire,

or if the fire appears 1o large to handle from the outset, he/she shall:

— contact the local Fire Brigade and Police and hand over the ADR produet card
afl their arrval;

— seek assistance to isolate the area;

=

— inform his supervisor who is then responsible for taking further action.

i0.2 Small fires

Fires invelving equipment in the cab of the engine shall be tackled by the driver
using the fruck's fire extinguishers or other availabie dry powder or vaporising
liquid exiinguishers. If tlese are not available or have become expended, earth or
sand may be used.

Fire involving fyres and/or wheels and hubs of the truck are persistent and are
difficult to extinguish. The driver shall attempt to control them by the use of the
dry powder type of extinguisher applied in short bursts. Preferably, water should
be used in coplous quantities, if available.

Note:

First quench the tyre and tube and then attempt to cool the wheel and the hub.
Extreme caution should be exercised as the latter may be red hot and hence be a
source of ignifion.

The driver shall attempt to extinguish fires involving DME by the use of the dry
powder type of exiinguisher directing the extinguishing agent to the base of the
flame.

In the case of small leaks, it may be possible to step these by closing all valves and
extinguishing the fire. If the leak persists but the fire is extinguished, the driver
shail make further attempts to stop the leak.

If the fire is small and "safe™, consideration should be given to allowing it to burn
rather than face the risk of explosion due to leakage of unignited gas.



Dralt TNO-reporl, version dated 10-02-99

20 of 29 THNO-MEP - R 98/20011
10.3 Large fires

[n the case of fire ocourring as the resuit of a large leak:

~ stop the engine and activaie the ESD systemy;

. if the flame is not impinging on the tank shell, no attempt should be made 1o
extinguish the flame unless the leakage can be stopped or reduced to
manageable proportions;

— if the flame is impinging on the tank shell, there is a real risk of explosion
(BLEVE) duc to structural failure of the tank, unless copious quantitics of
water are applied to keep the tank cool.

If cooling is insufficient, an increase in the noise level or flame size will indicate
rising tank presswre and an immediate decision should be taken to evacuaie the

10.4 Reporting fires

The driver shall report in writing all fires associated with the road tank truck or
with the customer's installation so that the cause can be investigated.

The driver shall hand the report of any incident to his supervisor.
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i1, Maintenance, repairs and modification

il.1 Maintenance and repair
The installation shall be maintained in a good state at all times.

Maintenance work and repairs shall be carried-out by a qualified contracior.
Repairs to components of the DME containing part of the 1nstallation shall at all
times be discussed with and approved by the Inspection Agency prior (o
commencing the work.

The repair shall be recorded in the installation logbook., Replacement of
appurtenances by identical parts does not require reporung, but shall alse be
recorded in the logbook.

No work mvolving the use of fire or work which may cause leakage or fire shall be
performed on vessel, piping and appurtenances unless the installation (part) has
been depressurized and degassed. This shail be done in a safe manner and in
accordance with the relevant procedure.

i1.2 Modifications

Modifications shall prior to the execution of the work be discussed with and
approved by the Inspection Agency and be carried-out by a qualified contractor,
The modifications shall be incorporated in the nstallation schemes and drawings
and be recorded in the instaliation fogbook.

No work involving the use of fire or work which may cause leakages or fire shall
be performed on vessel, piping and/or appurtenances unless the installation (part)
has been depressurized and degassed. This shall be done in a safe manner and
accordance with the relevant procedure.

113 Work permit

Prior to starting modification, repair, maintenance cleamng work which requires
depressurization or degassing, the work shall be properly planned and appropriate
measures must have been faken in consultation with the persons involved in

carrying oul the work.

It should be specified which amount of DME should be involved in the event that
(part of) the installarion has 1o be depressurised or degassed, before the measures
concerned nust be laid down in writing and signed by or on behalf of the principal

and by the contracior representalive (work permit}).
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The work permit shall:

be dated with a maximurm daily extension of five consecutive days. Lach
Monday a new work permit shall be issued;

be extended to include other work if during execution of the originally
envisaged and permitted activities this proves necessary;

be renewed if the work has been interrupted for special reasons;

e renewed if other persons that those to whom the work permit was granted
are to exccute the work;

be handed-over to the company represeniative when the work is finished;

be filed in the installation book for DME tank truck drivers and truck owners
and be presented on request of personnel involved or the relevant authorities.
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12. Periodic inspections

The truck and its DME facilities shall be periodically inspected. These inspections

shall comprise:
daily routine inspections by the truck driver of the carrier-vehicle and its DME
facilities;

— six-monthly inspections of the DME facilities by a qualified contractor;

- inspections of the DME facilities by the Inspection Agency at three and six
years intervals and further after modifications or major repairs;

~ yearly inspections of the carrier-vehicle.

121 Inspections by truck driver

Regular inspections by the truck driver and/or his/her supervisor in accordance
with the instructions as laid down in the driver's handbook.

12.2 Inspections by qualified contracior

In addition to these routine inspections, the DME facilities shall at least once every

six month be inspected by a qualified contractor. This shali comprise:

~ visual external inspection for corrosion of vessel piping and appurtenances;

— wvisual external inspection of vessel supports;
visual external inspection and checking of the proper functioning of the
appurtenances, ¢.g. the safety valves and emergency shut-down system;

~ check of the proper functioning (complete closure) of the bottom valves when
the pressure on the actuators is released;

— check for gas tightness of the installation by applying a soap solution at the
prevailing DMI pressure;
check of the fire-fighting equipment.
visual check on each filling hose in addition to a hydraulic pressure test of /The
set pressure of the hydraulic pressure test showld be related 1o the maximum
operating pressure of the system] barg. In case hoses are found to be deficient,
they shail be replaced. Each hose inspection shall be individually recorded.

Innspection reports shall be recorded in the instaliation logbook.

12.3 Inspections by the Inspection Agency

The periodic 3-year and 6-year inspections are performed by the ingpection
Agency at the shop of a qualified contractor. The contractor will carry out all
necessary preparations prior to an inspection and will give assistance duning the
inspection whenever required. The individual ifems to be inspected are listed
hereunder; in addition the related activities have been summarised and/or

explained.
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12.3.1  3-years periodic inspection

The Inspection comprises:
~ TInternal inspection of the vessel and - at the same fme -~

— Visual inspection of valves and appurtenances located inside the vessel
including a performance check.
Prior to the internal inspection, the vessel is cleaned with fresh water and dryed
with rags,
The safety valves are removed.
The internal inspection of the vessel comprises a visual check on
corrosion/pittings, any dents, cracks or other damage of the vessel walls. Anti-
sloshing baffles are inspected thoroughly including their fastening to the vessel
wails.
In case extensive corrosion/pittings are discovered, the mspector of the
Inspection Agency may decide to have the wall thickness of the entire vessel
electronically measured to check whether the wall thickness still meets the
minimum required value,

Lxternal inspection of the vessel and the appurienances including a
performance check of these appurienances.

~  Adjustment of the safety valve(s) set pressure and sealing the valve(s).
The setting may be established by means of a nitrogen bottle and a standard
pressure reducing assembly with manometer.

~ Inspection of the piping systen and 1ts appurtenances.
The piping and piping components are checked against the certified drawings
including the appurienance list. Visually the valves are inspected whether they

perform well and whether they are of an approved make and type.

— Tightness check of the vesscl connections at 6 barg by means of nitrogen or air
- and at the same time -

~ Tightness check of components of the piping system with its components.

All flanged and threaded connections are being checked by means of a "soap-
test™.

Check of vessel name plate, stamping the name plate.

12.3.2 6 years periodic inspection
The inspection comprises:
Certificate of the de-gassing available.

A road tank truck will not be accepted for inspection without a certificate
(issucd by an officially recognised company specialised i this  field)
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confirming the wvessel has been degassed and is safe. De-gassing 0 be
performed as deseribed in Appendix V of the "Regulations™.

Internal inspection of the vessel and - and the same time -

Visual inspection of valves and appurtenances located inside the vessel
including a performance check.

Prior to the internal inspection, the vessel is cleaned with fresh water and dryed
with rags.

The safety valves are removed.

The internal inspection of the vessel comprises a visual check on
corrosion/pistings, any dents, cracks or other damage of the vessel walls. Anti-
sloshing baffles are inspected thoroughly including their fastening to the vessel
walls.

In case exitensive corrosion/pittings are discovered, the inspector of the
Inspection Agency may decide to have the wall thickness of the entire vessel
electronically measured to check whether the wall thickness sull meets the

minimum required value.

External inspection of the wvessel and the appurtenances including &
performance check of these appurtenances.

Checking of the vessel supporting on cracks and other shortcomings and a
dimensienal check against the certified drawings.

During the inspection of the vessel and its supporting structure, mainly the
critical spots are visually inspected such as welds at the saddle plates and the
connection of the vessel to the supporting structure.

The vessel appurtenances and the vessel dimensions are checked agamst the
certified drawings and in addition the type and make of the appurtenances s
checked as well as their performance.

Adjustment of the safety valve(s) set pressure after sealing of the valve(s).
The setting may be established by means of a nitrogen boitle and a standard
pressure reducing assembly with manometer.
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~ Inspection of the piping system and its appurtenances.
The piping and piping components are checked against the certified drawings
including the appurtenance list. Visually the valves are inspected whether they
perform well and whether they are of an approved male and {ype.

~ Hydrostatic pressure lesting the vessel and - at the same time -

— Hydrostatic pressure testing of the piping systen.
When filled with water, the vessel and the piping system is pressurised. [t
should be ensured that the connections of the safety vaives have been blinded
off. One of the blinds should be provided with a vent o facilitate the filling of
the vessel with water up to the highest point (i.e. the relief valve connection).
The filling is done with a centrifugal filling pump, whereas pressure 1s achieved
by means of a small piston pump or equal.
Normal practice is that the contractor does the filling (which may take quite
some time) after which the Inspection Agency is notified. The pressure iest s
performed in accordance with T-0240 of the "Rules for Pressure Vessels™
Mostly pumps and especially meterng devices have to be blinded off or
completely removed to avoid damage due to EXCEsSIVE Pressure.
The vessel and piping system are checked on leakage.
The performance of the bottom valves is checked by suddenly opening a
discharge valve thus simulating a line break.
Upon successful testing, the vessel and piping system is emptied. The vessel is

dryed by means of rags, the piping by purging with compressed air.

Tightness check of the vessel connections at 6 barg by means of nitrogen or air
- and at the same time -~

Tightness check of the piping system with its components,
All flanged and threaded connections are being checked by means of a "soap-
test”.

Check of vessel name plate, stamping the name plate.

12,33 Inspection during modifications

The Inspection Agency will check/inspect all DME contaming parts on
compliance with the regulations.

The inspection comprises:

- Modifications of the vessel and piping system requinng welding such as
relocation of the relief valve(s) to the rear of the vessel, replacing protruding
welding neck flange nozzles by welded-in block flanges in case internally
mounted bottom valves have (o be installed, changing vessel conneclions 10 a
location between the axles, removal respectively blinding-off the vapour retum
line, removal of drain connection, modification of the piping system.
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- Welding methods and welders certification have 1o be approved by the
Inspection Agency.
— Welding-in of plates and/or block flanges into the vessel wall; the first root pass’
has to be grinded-out and will be dyepenetrant inspected.
Completed welding may be x-rayed at random.

- Internal inspection of the vessel including inspection of welded-in plates (visual
and x-ray).

~ Hydrostatic pressure testing of the vessel and piping systen.
- Tightness check of the vessel and piping system.

~ Material of pump, filters and valves.

Flanges in piping system of the welding neck type.
Threaded connections only if equal or smaller than two inch.
----- Capacity and set-pressure of relief valves.
 Level indication and protection against overfilling.
rrrrr Type and make of appurtenances and flexible hoses.

— Check of the emergency shut-down system (remote controlied operation of the
valves and simultaneous stopping of the pump.

— Presence and performance of the drive-off alarm.

12.4 Vehicle inspection

Tndependent of the above inspections of the DME instatlation, the carrier-vehicle
shall be thoroughly inspected in all its technical aspects at least once a year. This
shali not be done by the Inspection Agency for DME installations, but by an
Agency authorised by the Muustry of Traflic.
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13. Installation book

Truck drivers as well as truck owners shall keep a file with information and
documents regarding each particular tank truck. These files shali be kept up-to-
date and shall contain the documentation as described in Appendix XI:
"Instatlation book for DME tank truck drivers and for truck owners”.
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