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1. Introduction

The rapidly growing number of pipelines offshore in
the North Sea has caused increasing attention to be
given to the risk and reliability aspects of their operation.
From an economic point of view, this arises because of
the high cost of construction, inspection and repair.
From a safety viewpoint, this is because of the large
inventories that are contained in some pipelines, which
are capable of causing substantial fire and explosion
damage if integrity is lost.

In this paper, we propose to concentrate on one
particular aspect of pipeline risks — the vulnerable
portion where the pipeline leaves the seabed to link up
with the process system topsides. Usually this is a
separate pipe section, welded or bolted to the pipeline
at the seabed, and more commonly known as the riser.
By looking at the consequences and likelihood of
failure, the risk is put into perspective against other
platform risks. In cases where there is a long line
transporting gas under pressure, with no means of
limiting the inventory, this risk is significant, and
various engineering proposals for limiting the hazard
are examined.

2. The potential causes of the risks
2.1 Types of hazard

The hazardous conditions'which cause failure of the
platform risers and the tie-in spool piece between the
riser and the main pipeline can be generally classified
into two categories, namely:

— natural hazards and disasters caused by environ-
mental conditions;

— inadvertent man-made hazards caused by in-
adequate design, bad operation or impact from
marine activities.

Environmental attack, resulting in extensive corrosion
of the riser especially in the splash zone, is normally
attributed to a combination of the following: sea states
exceeding the design criteria, marine life attack, extreme
differential temperatures between the inside and outside
of the pipe or disasters resulting from severe storms,
earthquakes and conditions generally classed as Acts
of God.

Man-made hazards resulting from shipping move-
ments, dragged anchors, trawl board impact, debris
discharge, etc., are a serious problem for all platform
operators as there is little that designers can do to

minimize these problems. Damage from ships and
trawl boards should not occur due to safety restriction
zones that are imposed by the operators, although
many trawlers have been observed operating within
safety zones, particularly at night.

Other forms of man-made hazards, all of which
ultimately result in riser failure, include operator
errors, equipment malfunction, explosions, fire, un-
detected damage during construction, poor quality
control and the use of unsuitable materials.

2.2 Design code requirements

The minimum requirements for the design, fabrication,
testing and installation of risers and the associated tie-
in spools are normally in accordance with the following
codes:

— Det Norske Veritas (DNV) Rules for the design,
construction and inspection of submarine pipelines
and risers;

— the Institute of Petroleum IP6 Code for submarine
pipelines;

— specific oil company standards and specifications
developed over a period of years.

In many cases the actual interpretation of the
minimum requirements is left up to the consultant or
designer and as a result of this many variations occur.

2.3 Impact damage

The main cause of impact damage in the region of a
riser is from either:

— collision with work/supply boats whilst they are
operating close to the platform;

— large pieces of flotsam, i.e. wooden baulks, dis-
carded packing cases, etc.

The first cause of damage can be largely eliminated
by suitable location of the risers inside the jacket frame.
The second type of damage is generally unavoidable
and thus suitable protection devices must be provided
for the risers.

Damage from ships’ anchors and trawl boards
should not occur in the region of the riser and tie-in
spool due to the safety regulations and ““no go™ area
limitations imposed by platform operators, but it does
occur. Fortunately due to the shape of the trawl boards
and the low trawling speeds, little damage is usually
done to the pipeline.

Damage from ships’ anchors is an indeterminate
quantity as it depends on the weight of the anchor, the

*Presented at “‘Pipelines and the Offshore Environment” on February 15 1983 at The Barbican Centre, London, a
one-day Seminar organized by Pipes & Pipelines International and supported by The Pipeline Industries Guild.
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Table 1. Division of initiation causes by relative likelihood.

LIKELIHOOD H INITIATIVE CAUSE

External Corrosion
Ship Accident(Collision)

Most Probable

Expected Occurrence
Equipment malfunctions
Un-noticed damagg during installation

'
i
i
|
|
i
|
H
i
'
}
'
H
i
'
i
H
i Internal corrasion
'

i

Least Probable * i Sea and environmental conditions
exceeding design criteria

Marine life attack

Abrasions and chafing

H
'
i
'
i
'
i
i Severe storms

f

!

i Debris discharge

|

H Fire and explosion
i

|

i

Fishing activities

H Design deficiencies

'

H Material deficiencies
'

H

Poor quality control erosion

inventory of gas or oil released, if the leak is upstream
of the first isolation valve, and the lack of installed fire-
fighting measures to contain the fire. It is the first
feature which particularly distinguishes the hazards of
riser leakages from other platform hazards: elsewhere
in the process there is generally at least one upstream
isolation valve together with facilities for diverting or
blowing down the enclosed inventory.

These three approaches to identifying the hazard
serve not only to cover the range of hazards that may
occur, but also to pin-point certain of these hazards as
being of greater importance than others. In the riser
case, the hazard of greatest significance is concluded to
be leakage in the splash zone, particularly for a gas
riser.

3.2 The likely frequency of occurrence

An important part of a risk analysis is the need to
place the hazards from one part of the installation in
perspective with the other hazards to which the instal-
lation may be subjected. The relative importance is
used as a basis for decisions on where best to expend
effort in risk reduction. Thus, the risks from collision
with a passing vessel on a certain platform may be low
in comparison with the risk from blowout, whilst the
risk of an aircraft crashing onto the platform is sufficiently
small to be ignored completely.

The only way to be able to make such distinctions is
on the basis of their expected frequency of occurrence.
This in turn must come from the historical accident
record, either of directly comparable systems, or by
analogy with other systems (or the same system in
other parts of the world) that can be considered
sufficiently similar.

Inevitably, the more major the hazard, the fewer
historical occurrences there have been, and the poorer
the confidence in the statistical estimate. In some cases
there may have been zero occurrences of the potential
hazard. It is thus usually necessary to cross check the
direct estimate against at least one other less direct

Table 2. Failure causes for Gulf of Mexico risers.

i CAUSE | No. of failures i % of total
| |
------ i= S -=1
' ; | |
! Mechanical/operational | 4 i 14
| External corrosion | 14 | 48
i Internal corrosicn ' | o
! External forces (natural) | 9 ! 3
| External forces (manmade) i 2 | T
! Unknown H 10 i =
H o | mm e ee —===i == '
+  TOTAL: i 39 } 100 i

Tabfe 3. Breakdown of major platform hazards for a typical large
PDQ platform (away from major shipping lanes).

f Initiating Cause ! Risk ( /yr) H
| | |
e e e e e e e e e (e i
| Blowout ! 3 x 10-4 i
| Escalation of topsides fire/explosion i 5 x 10-4 |
| Riser leakage 1 y x 10-4 !
| Topsides fire/explosion leading to major|
H structural damage ! 1 x 10-4 |
! Collision, earthquakes, helicopter H
| crashes ! 0.2 x 10-4 !
' | '
e i == |
Total platform risk I 13 x 10=%/yr |
'

'
|
i i
F T

source to improve the confidence in the estimate.
Alternatively, upper and lower bounds can sometimes
be obtained by analogy with other related hazards.

Thus, for risers in the North Sea, although a best
estimate can be obtained from direct data on North Sea
riser leaks and cracks (and this is the figure used in any
risk analysis applied to the North Sea), it is a useful
exercise to examine the record from the Gulf of
Mexico. A brief discussion of the relevant data is given
in Appendix 1.

3.2.1 Relative frequency of occurrence

A picture of the relative contributions from each
contributory cause can be obtained quantatively from a
breakdown of the historical accident data by cause
from the qualitative review. Examples are shown in
Tables 1 and 2.

3.2.2 The risk in perspective — the absolute fre-
quency

The estimated mean failure rate for significant
leakage from a typical riser in the North Sea is 8§ X 107
per riser-year (see Appendix I). In order to conclude
whether or not this is a significant risk, it needs to be
compared to other risks to offshore installations. A
typcial comparison is shown in Table 3, based on other
available data.

This comparison suggests that riser hazards do
indeed require considering seriously, thus reinforcing
the conclusions reached in the qualitative review and
the coarse hazop above.

3.3 The consequences of leakage

With a high-pressure gas line, cracks of even small
dimensions will result in sizeable releases of gas, either
as a jet (for releases above sea level) or as a diffuse
cloud at sea level (from subsea releases).

The estimated size of gas release from a variety of
crack sizes is shown in Table 4.

In the event of ignition of a riser leak, there is likely to
be flame impingement on the structure. Flames from all
discharge sizes given in Table 4, except ‘serious’,
would be able to impinge on at least one leg, and some
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— protection from falling objects;
— protection from ship operations.

4.1 Corrosion protection

An effective corrosion-control programme is essential
if the operator is to avoid the high cost of leak repair,
riser/pipe replacement, clean-up, production shutdown,
damaged equipment, etc., and the attendant risk of
continuing operation in a partially corroded situation
beyond the safe limits. Two methods of controlling
external corrosion are generally used, namely protective
coatings and/or cathodic protection.

Various types of protective coating have been sug-
gested, or have been applied in the past. These include:
— thicker steel, which provides an additional cor-

rosion allowance;

— steel cladding, which is slightly better than in-
creasing the steel thickness as new cladding can be
installed without production shutdown. However,
this is not a good method on its own as corrosion
can and will take place between the outside of the
riser and the inside of the cladding;

— proprietary anti-corrosion coatings. These are
perfectly acceptable but are prone to damage,
especially in the splash zone if left on their own.
These coatings are excellent as anti-corrosion
devices but are invariably rather thin and therefore
weak with regard to mechanical strength;

— concrete, which is the normal method of giving
subsea pipelines the desired negative buoyancy,
but is impractical for risers and to a lesser degree
tie-in spools, due to the increase in weight;

— Monel sheathing, which is the most popular
choice of cladding and has been used successfully
on many risers for several years. Unfortunately, it
is very expensive and this results in its being used
sparingly. Under normal circumstances it is only
applied in the splash zone. Its one main disadvantage
because it is relatively thin, is that it is prone to
impact damage.

Many combinations of the above have been tried
with varying degrees of success in the past, and are
considered later in this paper.

Corrosion control is of particular importance to the
portion of the riser located in the splash zone — an area
of severe corrosion potential. Many combinations of
coatings have been tried but all have inherent weaknesses.
Ideally, the design should afford the riser protection
against corrosion, impact and chafing. In Fig. 3 we
illustrate what we feel to be the ideal combination.

Many proprietary coating methods are available on
the commercial market, all of which have their respective
merits and weaknesses. These factors have to be taken
into account when determining the system most
appropriate for the particular riser or tie-in spool.
These points are illustrated in Table 6.

Other than for field joints, hand-applied tapes (C)
are very seldom used on their own as protection for
offshore risers and pipelines. There is little to choose
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Fig. 3. Riser protection in splash
zZone.
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between the remaining systems, all of which have their
good points and their weaknesses. Table 6 illustrates
the problem facing the designers when developing an
operation and safety philosophy. For corrosion pro-
tection, coating categories (D) and (E) seem to be
favoured for the riser and tie-in spools but it is apparent
that combination coatings are necessary in the splash
zone. Protection of the riser within the splash zone
must comprise of three elements, namely:

— anti-corrosion coat;

— buffer coat — to prevent impact;

— armouring coat — to prevent abrasion.

We contend that splash zone protection for the riser
must always contain these major elements and submit
that many of the riser problems will be minimized if a
combination system were adopted as standard.

4.2  Protection from ship operations

Excluding falling objects and the fact that supply
boats, etc., are not allowed to drop or drag anchors in
the vicinity of the platform due to operation regulation
and the depth of water, the only damage that can be
caused to risers is from collision.

Several platform operators insist that suitable fendering
devices, attached to the main structure, are provided
within the splash zone area. We feel that*‘fendering’ in
this particular area should be mandatory on all structures
where the risers are secured to the “outside” of a
platform.

Table 6. Relative merits of different riser protection methods.
Coating Types:

Coal tar enamels

Butyl rubbers and neoprenes
Hand/machine applied tapes over primers
Factory applied extruded plastics
Factory applied thin film epoxy
Corrosion resistant sheeting (monel)
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in the North Sea to protect lateral connections. We see
no reason why a modified version of this cover should
not be installed to protect subsea ESD valves. The
relative costs of these devices, although high, is a small
price to pay when offset against the costs resulting from
a platform shutdown due to riser failure and no subsea
bypass system.

5.3 Limiting riser structural damage

In order to limit possible damage to risers it is
prudent to examine, at the platform design stage, the
alternative positions available for the attachment of
these important items.

The alternatives are:

(a) externally on a leg;
(b) externally on a face;
(c) internally within the structure.

In cases (a) and (b) the risers are prone to environ-
mental and impact loads but are relatively easy to
replace. In case (c), the possibility of impact loads
(from work boats, etc.) is removed but replacement if
necessary, is far more difficult. The consequences of
‘minor’ failure will also be more severe. Thus the safety
philosophy related to this part of the design must be
established at the design concept stage of the project.

Risk analysis approaches to this type of problem,
where the advantages and disadvantages are being
compared, use one of several available ranking tech-
niques, such as Kepner-Tregoe decision analysis, to try
to structure the problem into one where all the key
features can be putin perspective and ranked in order of
importance.

5.4 Other methods

Various other schemes have been proposed to limit
the consequences of an uncontrolled riser fire. These
include protecting the structure itself, providing extra
redundancy to the jacket legs, and large separation of
the risers (where there are more than one). Other
schemes have been proposed where a different concept
is embraced: for example, a structure more resistant to
fire at sea level, such as concrete structures, or the
concept of a separate unmanned riser platform.

All of these alternative schemes have merits from the
safety viewpoint, although their overall desirability
depends also of course on other factors besides that of
safety.

6. Conclusions

This paper has set out to demonstrate the application
of risk analysis to offshore pipeline system, and particu-
larly to the case of oil and gas risers from which there is
expected to be a significant risk of major damage to a
platform. Some of the areas in which the hazards can be
reduced have been discussed. The choices for optimum
protection against external corrosion to reduce leakage
probability and the use of ESD valves upstream of the
riser are highlighted as the main risk-reducing measures.

The main advantage of approaching the analysis of
hazards in this way is that it provides a quantitative

basis on which to determine needs and priorities for
action in an area which is not as simple as it seems at
first sight..

APPENDIX I
The likelihood of leakage

The riser system can generally be expected to have a
greater risk of failure than an undersea line. It is liable
to collision damage, impact by falling objects from the
platform, corrosion/erosion by wave action in the
splash zone, and temperature changes over the riser
length. Fortunately some data exist specifically for
riser failures although not all of this is in published
literature. Because so much of the risk is associated
with that part of the riser in the splash zone it is more
appropriate to quote failure rates per riser rather than
per metre length of riser.

L1 Data sources and basic failure rates

For North Sea experience, data sources record at
least one major riser failure incident, leading to a fire
and explosion. For an estimated 1,230 riser-years this
gives a failure rate per riser of 8 X 107* per year, albeit
based on very poor statistics, with upper and lower
90% confidence limits of 24 X 107*/yr and 4 X 107%/yr
respectively. Other sources indicate a number of other
riser cracks and leakages, but these are not yet available
in sufficient detail for analysis.

Some figures are also available for serious riser
failures leading to fires and/or explosions in the Gulf of
Mexico. Five large failures and a much larger number
of small or medium leaks are believed to have occurred.
With a relevant estimated number of riser-years total of
about 22,000 in the period concerned, this gives failure
rates for:

— large failure: 2.3 X 107 per riser-year;
—  smaller failures: 1.9 X 107 per riser-year.

US Geological Survey also publish data for riser
incidents in the Gulf of Mexico. For all sizes of riser
and leak rate, 39 incidents are listed. We estimate that
for the time period covered (1967-76) the relevant
number of platform years would be about 8,500,
leading to a failure rate of 4.6 X 107*. Note, however,
that this is a lower number of leaks than would be
expected from the data above, and may represent poor
reporting prior to 1970.

Because the North Sea data is the most directly
applicable for North Sea platforms, the basic failure
rate for major riser failures leading to fire/explosion is
taken as 8 X 107*/riser-year. The Gulf of Mexico data
is taken into consideration when this figure is subdivided
by leak size.

L2 Sub-division of Data by Cause

For risers it is essential to form a view of the causes
of failure so that the relevance of possible protective
measures can be assessed. Fortunately, although the
North Sea data are too sparse for analysis, the Gulf of




Mexico data provide some information, although of
limited relevance, according to the cause of failure. Of
the total of 39 incidents, 10 of unknown cause (or
unrecorded cause) are excluded. The breakdown is
shown in Table 2.

Other data, more recently examined, gives a somewhat
different picture, however. In an examination of incidents
recorded by the USGS, using a breakdown of failures

by both incident size and failure cause, it was found
that whilst external corrosion was the dominant failure
mode for all small and medium-sized failure external
forces, ship-related external causes were responsible
for all the larger ones. These larger failures were mostly
at seabed level immediately adjacent to the platform,
due to anchor problems, and are thus not directly
appropriate to the North Sea operations.
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