GAS SUBSTANTIVE EXAMPLE – COMPLETE ORIGINAL TEXTSITUATION DESCRIPTION
Your GASEX motor tanker carries certificate of approval No. 001. The tank vessel contains UN No. 1011 BUTANE; the pressure in the cargo tank is 0.2 bar (gauge).
At terminal 1 the vessel is to be loaded to the maximum with UN No. 1086 VINYL CHLORIDE, STABILIZED, class 2, classification code 2F, and it is later to be unloaded at terminal 2.
Loading port = terminal 1
The substance to be loaded is stored in spherical tanks.
The terminal can deliver a nitrogen flow of up to 1,000 m³/h at a maximum pressure of 5 bar (gauge) and has a flare stack with a capacity of 1,000 m³/h.
During loading the vapours/gas must not be returned to the on-shore spherical tank.
The terminal's loading flow is 250 m³/h.
The temperature of the substance and the ambient temperature are both 10 °C.
Unloading port = terminal 2
The vessel is unloaded with the on-board pumps. The greatest possible quantity must be unloaded.
The substance is unloaded into a spherical storage tank. A gas return line is available.
The ambient temperature is 10 °C.
During the examination, the texts of the regulations and technical literature referred to in 8.2.2.7 may be consulted.
The following documents are at your disposal:
· Certificate of approval No. 001;
· Equipment description for the GASEX motor tanker;
· Information sheets on the properties of both substances;
· Safety data sheets on both substances.
ADN CERTIFICATE OF APPROVAL No. 001
1. Name of vessel: GASEX
2. Official number: 04090000
3. Type of vessel: Motor tanker
4. Type of tank vessel: G
5. Cargo tank designs: Pressure cargo tanks¹'²
6. Types of cargo tank: Independent cargo tanks¹'²
7. Opening pressure of the safety valves:¹'² 1,580 kPa
8. Additional equipment:
· Sampling device
· Connection for a sampling device: Yes¹'²
· Sampling opening: No¹'²
· Water-spray system: Yes¹'²
· Internal pressure alarm: 40 kPa No¹'²
· Cargo heating system:
· Possibility of cargo heating from shore: No¹'²
· Cargo heating installation on board: No¹'²
· Cargo refrigeration system: No¹'²
· Inerting facilities: Yes'²
· Pump-room below deck:  No¹
· Ventilation system according to 9.3.x.12.4 (b) Yes³
· Conforms to the rules of construction referred to in 9.3.x.12.4 (b) or 9.3.x.12.4 (c), 9.3.x.51 and 9.3.x.52 Yes³
· Venting piping and heated installation: No¹'²
· Conforms to the rules of construction resulting from the remark(s) ... in column (20) of Table C of Chapter 3.2¹'²
9. Electrical and non-electrical installations and equipment for use in explosion hazardous areas:
· Temperature class: T4
· Explosion group: IIB
10. Autonomous protection systems:
· Explosion group/subgroup of explosion group II B
11. Loading/unloading rate: m³/h¹ or see loading/unloading instructions¹
12. Permitted relative mass density (density): 1.00
13. Additional observations:
Vessel complies with the rules of construction referred to in 9.3.x.12, 9.3.x.51, 9.3.x.52 Yes ³



TECHNICAL EQUIPMENT OF THE GASEX MOTOR TANKER
A. Cargo tanks
Number: 6
Volume per cargo tank: 250 m³
Minimum authorized temperature: -10 °C
B. Pumps: 1 submerged pump per cargo tank
C. Compressors: 2 compressors
D. Piping systems: Separate for liquids and gases (vapours)
E. Possibility of longitudinal flushing: YesSUBSTANCE PROPERTIES BUTANE
	Name: BUTANE
UN No.: 1011
	

	Formula: C₄H₁₀
	

	Boiling point: 1.0 °C
Molar mass: M = 58 (58.123)
	

	Ratio between the vapour density and that of air = 1 (15 °C): 2.01
	

	Flammable gas/air mixture, vol. %: 1.4 – 9.4
	

	Auto-ignition temperature: 365 °C
Critical temperature: 152 °C
	

	Maximum permissible concentration at the workplace: 1,000 ppm
	


Vapour-liquid equilibrium
	T [°C]
	p_max [bar]
	ρ_L [kg/m³]
	ρ_G [kg/m³]

	-10
	0.70
	611.9
	1.90

	-5
	0.85
	606.5
	2.27

	0
	1.03
	601.1
	2.72

	5
	1.24
	595.6
	3.23

	10
	1.48
	590.1
	3.81

	15
	1.76
	584.4
	4.49

	20
	2.07
	578.7
	5.23

	25
	2.43
	572.9
	6.09

	30
	2.83
	566.9
	7.04

	35
	3.27
	560.9
	

	40
	3.77
	554.7
	

	45
	4.32
	548.5
	

	50
	4.93
	542.0
	





SUBSTANCE PROPERTIES VINYL CHLORIDE, STABILIZED
	Name: VINYL CHLORIDE, STABILIZED
	

	Formula: C₂H₃Cl
UN No.: 1086
	

	Boiling point: -13 °C
Molar mass: M = 62.50
	

	Ratio between the vapour density and that of air = 1 (15 °C): 2.16
	

	Flammable gas/air mixture, vol. %: 3.8 – 31.0
	

	Auto-ignition temperature: 415 °C
Critical temperature: 158.4 °C
	

	Maximum permissible concentration at the workplace: 3 ppm*
	


* Vinyl chloride, stabilized, is carcinogenic.


Vapour-liquid equilibrium
	T [°C]
	p_max [bar]
	ρ_L [kg/m³]
	ρ_G [kg/m³]

	-10
	1.16
	962.3
	3.5

	-5
	1.40
	954.8
	4

	0
	1.69
	947.3
	5

	5
	2.02
	939.7
	6

	10
	2.40
	931.9
	7

	15
	2.83
	924.1
	8

	20
	3.33
	916.1
	9

	25
	3.89
	907.9
	11

	30
	4.52
	899.6
	13





THE QUESTIONS

A – PREPARATION FOR LOADING OPERATIONS
A-1
Question: Give a short list of at least five general safety requirements applicable before a loading operation begins.A-2b
Question: What concentration of BUTANE can remain in the cargo tanks before loading begins?A-4/1
Question: For the substance being loaded, is an entry required in the transport document, and if so, which?
B – FLUSHING OF CARGO TANKS
B-2
Question: What flushing method do you choose, and why?B-6
Question: What pressure should be reached in the cargo tanks after flushing, and why?
B-10
Question: If your vessel is coming from the shipyard, how do you test the piping system and the cargo tanks for gas-tightness?


C – LOADING
C-1
Question: Explain precisely how you load the first amounts of goods into your tank or tanks at the beginning of the loading procedure and why you proceed in this manner; (As a gas (vapour)? A liquid? One cargo tank at a time, or several at the same time? With the piping used for flushing, or with the bottom piping?)C-4
Question: During loading, do you return gas or nitrogen? If so, where? If not, why not?C-5
Question: What personal protective equipment must be worn by persons connecting and disconnecting the loading and unloading piping and the gas return piping? Please provide the source in ADN.C-7
Question: What pressure do you expect to find in the cargo tanks after loading is completed?
D – LOAD CALCULATION
D-1
Question: Calculate the total mass of the liquid loaded, in kg. (Write the entire method of calculation and not just the answer.)D-2
Question: Calculate the total mass of the gas, in kg. (Write the entire method of calculation and not just the answer.)D-3
Question: Calculate the total mass loaded. (Write the entire method of calculation and not just the answer.)
E – UNLOADING
E-1
Question: Describe how you would efficiently unload (leaving minimal residual quantities) so as to discharge as much of the substance as possible.
Mention the use of pumps or compressors, or pumps and compressors; the use of vapour balancing; the order of unloading cargo tanks; the means of unloading liquids, etc.E-2
[bookmark: _GoBack]Question: What final pressure (effective pressure in the cargo tank) do you expect after unloading as completely as possible?
FOOTNOTES
¹ Delete as appropriate.
² If the cargo tanks of the vessel are not all of the same type, see page 3.
³ For "x", note the relevant information.
