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1. Pipeline inspection

The pipeline's underwater part, with the exception of its section close to the shore, is usually

situated at a depth which is inaccessible to divers, therefore it is necessary to use unmanned

underwater vehicles that are remotely controlled from a ship [1]. In addition to external inspection,

the pipeline is also inspected from the inside by using smart pigs. The pigs are transported by the

pumped medium. They are equipped with batteries, recorders and a range-finder [2]. Obviously,

pigs have their limitations, if they are too long (multi-segmented pigs can reach 4 m in length), and

pipeline diameter changes or pipelines have sharp elbows or several branches. Pigs designed for

undersea pipelines are much more expensive than those designed for land solutions as they

sometimes have to travel sections of a few hundred kilometres, e.g. from an onshore facility to a

service platform. In some solutions, pigs cooperate with vesels being outside. Usually, pipelines in

operation are subject to inspection once a year. If there is a suspicion of external damage of the

pipeline, operation parameters differ from the designed ones, or there is some other reason, then the

special inspection is carried out.

The pressure method for testing the tightness of pipeline or its sections is used only

exceptionally during operation. As a rule, this is necessary after repairs and there is a potential risk

of the sea environment contamination by the medium used for the inspection [2]. Visual,

ultrasonic, magnetic and acoustic emission methods are the most commonly used. Losses of

structural material, cracking risk, changes in the pipeline geometry (see Fig. 1), as well as the

amount and extent of debris are evaluated during inspections. The latter evaluation is of vital

importance when selecting the most effective pipeline cleaning technology.

The internal pipeline inspection allows the inspecting staff to very precisely assess the

condition of welds and corrosion progress which may result in potential leaks, in other words - find

the pipeline's weaknesses. The inspection methods for undersea pipelines, broken down by

construction and operation phase, were discussed by Mazurkiewicz in his short almost twenty-year

old monograph [1]. Despite the time elapsed, this study has lost none of its relevance in terms of

general rules for conducting inspections.
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Figure 1. An example of the pig equipped with a pipeline geometry determination system.

(the Pipeline Diagnostic and Equipment Centre PERN in Gdańsk)

2. Formation of hydrates

Methane hydrates (and gaseous methane homologues) forming in pipelines present a

serious problem, as they decrease the pipeline diameter resulting in the transmission line's full

blockage in extreme cases. The problem is particularly acute in pipelines transporting gas from gas

and oil fields. In such a case, it is necessary to add substances, e.g. methanol, that prevent hydrates

formation. However, such a procedure has environmental repercussions, as it is not allowed to

discharge methanol contaminated water to the sea. The water must be biologically treated.

Gaseous hydrates, being a part of a group of chemical compounds referred to as clathrates,

form crystal lattices which contain a gaseous molecule surrounded by a cage of water molecules.

Methane hydrate is the most frequent and abundant hydrate to occur naturally [3].

The formation of hydrates is conditioned on a low temperature (e.g. 4°C) and high

pressure. Water content exceeding the dew point, high flow rate of gas or strong turbulence
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facilitate the formation of clathrates. Any blockage of the pipeline causes not only financial losses

but also may lead to an explosion and release of large quantities of gas to the environment.

There are some methods preventing clathrates formation, as well as, removing those

already formed. The best way of prevention is to entirely remove water from the system. Another

method is a chemical one which is based on a thermodynamic inhibitor addition. The commonly

used substances are methanol and ethylene glycol. New solutions include adding a dispersing agent

(e.g. NH4Br), which prevents hydrate crystals from forming, or adding a kinetic inhibitor

(polymers), which binds to the hydrate surface and delays the growth of hydrate crystals for some

time.

In order to prevent the formation of clathrates, the operation pressure should be kept

below and the operation temperature above the hydrate formation threshold. Hydrates can also be

removed mechanically, e.g. by using previously mentioned pigs.

3. Damages

The major reasons for damages of gas pipelines include [1, 4, 5]:

- internal and external corrosion (about 50% of cases),

- sea operations, such as contact with anchors, fishing nets or ships (about 15%),

- natural threats: storms, hurricanes, earthquakes, underwater landslides (about 10%),

- others whose origin is difficult to determine, e.g. defect in material (about 25%).

As regards the pipelines safety, in particular, given the current political conditions

associated with a threat of terrorist attacks, it should be stressed that the pipelines can become the

target of such attacks or other acts of vandalism or sabotage [6]. The strategic importance of gas/

oil pipelines in each state's economy makes them vulnerable to military attacks since the

destruction of a pipeline transporting gas or oil may strongly disturb the opponent's logistics

system.

a. Corrosion damages

While pipeline corrosion damages 20 years ago were chiefly caused by external corrosion

(a ratio of internal to external corrosion of 1:3) [1], the most recent data shows quite the reverse

[7]. It is due to the fact that the modern pipelines transport gas, which is almost free of corrosion

factors, such as water or moisture, carbon dioxide or sulphur dioxide, thereby reducing the rate of

internal corrosion.
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b. Mechanical damages

The pipeline mechanical damages can be caused by various factors, including material

defects, damages to welds, etc. Strict procedures for controlling supplies of construction materials,

testing welds and strength tests should reduce such threats. However, such a threat should not be

ignored as it is still likely to occur.

c. Damages caused by anchors

There are two possibilities of damaging an undersea pipeline by an anchor. First, when the

anchor is dropped directly onto the pipeline [7]. A decision to anchor depends on specific

circumstances. Normally, the pipeline is marked on nautical charts, so sailors are provided with

information on where they should not anchor to avoid the pipeline damage. However, in case of

emergency, such as machinery breakdown or collision, there is a limited number of anchoring

options. In such a situation, it is the ship captain's responsibility to make a decision to drop the

anchor when the pipeline is likely to be damaged.

The other type of mechanical damage occurs during the anchor drag. It can be caused by

a weak anchor catching on the sea bottom or environmental conditions reducing the anchor holding

capacity. The distance, which the dropped anchor can travel, depends on the type of sea bed, vessel

and anchor weight and vessel speed (Table 1). If the anchor encounters the pipeline, the latter may

be bent or even broken.

Table 1. Anchor size and drag distance versus ship class [7]

Class Anchor
(tonnes)

Drag distance (m)

Fishing vessel
Coasting vessel
Ocean-going ship
Launch
Fast ferry
Other

1
2

2 – 15
0.1
0.5
0.2

7
13

13 – 168
25
5
17
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4. Gas release consequences

a. Models of spreading of methane in water

According to the Northern Pipeline's designers, if a pipeline bursts under water at a large

depth, the gas plume will go through the sea surface by forming a funnel of bubbles (the funnel is

about 30 m in diameter) at a flow speed of about 10 m/s (see Fig. 2) [8]. In principle, the way in

which methane spreads in water is unknown. Undoubtedly, it depends on the gas release intensity.

Some studies show that methane outflow forms a single large bubble or several bubbles (Fig. 3),

see chapter 4b.

Figure. 2a. Gas spreading: cone model [7] Figure 2b. Water and air circulation
diagram for larger gas release [8]

b. Safety of sailing and fishery

If the radius of a large gas bubble is comparable to or greater than the ship's hull, then the

ship can sink [9]. Sinking can occur because a mound of water forms above the bubble as it

approaches the sea surface. A deep trough forms at either side of the mound and the water flow can

carry the ship to one of the troughs (Fig. 3). Whether or not a given ship can sink chiefly depends

on its position in relation to the gas bubble. If it is situated far away from the bubble, the ship is in

no danger. If it is situated exactly above the bubble, the ship is also safe, because being in
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a stagnant flow, the ship will not be sucked into the formed trough. The most dangerous position

for the ship is between the stagnation point and the edge of the mound where the trough formed.

When the ship is not at rest then it is able to move to a safe area by using its own power.

Figure 3. Diagram of the suction of ship by a trough formed by a large bubble [9].

c. Fire hazard

Another consequence of the pipeline leakage is explosion and fire hazard from the

methane cloud on the sea surface (Table 2). Explosions and fires can affect vessels and floating

platforms and cause financial losses, infrastructure destruction and pose a threat to the life and

health of crews and service staff. It should be stressed that the lower explosive limit of methane gas

is 5%. This value corresponds to the lowest concentration of flammable substance which maintains

combustion process after mixing with air and igniting. Whereas, the upper explosive limit or the

highest concentration of flammable substance, at which the mixture contains a sufficient amount of

oxidiser required for flame propagation after ignition, is 15%. Under certain circumstances during
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the pipeline breakdown, although lighter than air (density of 1.29 kg/m3 at 0ºC, 1.21 kg/m3 at

20ºC), methane (0.72 kg/m3 at 0ºC, 0,67 kg/m3 at 20ºC) can relatively slowly rise and dissipate in

the atmosphere thus posing a serious threat to vessels and other facilities working on the sea.

Table 2. Ignition probability calculated for pipeline of 762 mm in external diameter in [7]

Ignition probability
Leakage size

Flowing vessels (1) Vessels in the vicinity (2)

< 25 mm 0.01 N.A.

50 mm 0.05 N.A.

100 mm 0.1 0.15

Half bore 0.2 0.3

Full bore 0.3 0.4
(1) Data refers to all types of damages, i.e. caused by corrosion, anchor and other.

(2) Data only refers to damage caused by anchor with the ship being still in the vicinity.

N.A. – not applicable

If methane above the sea surface reaches its local concentration in the appropriate range it

will result in an explosion.

A small leakage can result in the formation of methane hydrates on the pipeline and

released methane reaching the sea surface where it can feed flames.

d. Methane impact on aqueous organisms

An average methane concentration in the atmosphere is about 1.4 ppm, and its flow in the

atmosphere reaches 109 tonnes per year. Natural methane concentration in sea water usually varies

between 10-2 ppm (close to the equilibrium concentration) and 1 ppm. It is higher in coastal waters,

gulfs and river-mouths than in open oceans and seas. The vertical distribution of methane in the

water column shows a higher concentration in upper water levels and sometimes in lower ones. In

the areas of accidental releases of methane its concentration in sea water is even as high as 103-104

ppm [10].

The knowledge about methane toxicity and its derivatives in water environments is not full.

Available information suggests that these hydrocarbons are classified as toxic gases having

narcotic and destructive effects on the nervous system. Acute poisoning or even death of a fish

occurs at hydrocarbon concentrations exceeding 1.4*103 ppm. Changes in behaviour are observed
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even at concentrations as low as 30-140 ppm. An important factor is that the fish response to a

toxic gas is many times faster as compared with responses to other toxic compounds dissolved or

suspended in water.
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