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Abstract

Leakage from gas or high vapour pressure oil/condensate pipeline risers
presents a major fire and explosion hazard to offshore platforms. The
extent to which isolation valves installed on the sub-sea pipelines can
reduce the risk is described, with reference to necessary performance
criteria for the valve systems and to the operational difficulties

created,

1. INTRODUCTION

Incident statistics for offshore pipeline systems show very clearly
that most failures occur on the riser or on the seabed close to plat-
forms. Experience in the North Sea indicates a high failure rate for
typical risers and there have been some very dangerous occurrences
which, fortunately, did not have catastrophic effects,

Some offshore pipelines are of great length and large diameter, They
may contain very high pressure gas or liquids with a high vapour
pressure. In all of these cases, the quantity of hydrocarbon which
may escape is very large and the nature of the product is very hazar-

dous,

Thus we have a situation in which, in principle, the damage potential
is high and also the probability of failure is high. For these
reasons, it is often suggested that an ESD valve or check valve could
be placed in the pipeline on the sea floor so as to provide a means
of isolating most of the pipeline inventory in the event of a pipe
failure near the platform,

This solution, however, is not so straightforward as it seems,
Firstly, certain riser systems are likely to be very reliable com-
pared with the typical riser, An example would be a riser installed
inside a dry concrete shaft, Secondly, some of the pipe failures may
be eliminated by providing impact protection to the pipeline on the
seabed near the platform., Thirdly, even if an ESV or NRV is placed
in the line, there is still a large inventory in the section of line
to the platform side of the valve, This could still generate a big



enough hydrocarbon cloud to constitute a major hazard to life. In
this case, the main benefit of the valve is that the fire would run
oul of fuel much more quickly, so that the structure itself would be

unlikely to fail,

Therefore, it can be seen that this question must be treated on a
case-by-case basis, Risk analysis of the pipeline/riser system is an
appropriate tool for this purpose., It uses mathematical models of
the effects of hydrocarbon escapes, with statistical models of pipe
and riser failures, to give an objective assessment of alternative
configurations, The results may be used to compare new designs
against old ones and to examine the question of whether or not a
subsea valve is justifiable, Other measures, such as dropped object
protection and extra inspection provisions, can also be evaluated.

The methodology described in this paper has been developed over
several specific applications in response to a demand to provide a
"model"™ of the safety effects against which to test the various risk

reducing means,

OVERALL APPROACH

It is relatively straightforward to predict with adequate accuracy
the leakage rate of gas which would occur following a failure of the
riser or pipeline. This depends on such factors as hole size, pipe-
line conditions, subsea valve open or closed, valve location, plat-
form ESD initiation etc, A given leakage rate of gas could however
result in any one of a number of possible consequences in terms of
effects on platform personnel or effects to the platform structure.
The consequences depend upon a range of factors such as environmental
conditions (wind speed and direction), presence of ignition source,
outcome of ignition (e.,g. explosion, jet flame, flash fire), etc,
The only way in which the effects of the large number of possible
outcomes which may be generated can be combined is to consider both
the consequences, in terms of a degree of a particular type of
damage, and the frequency of occurrence, together, In this way a
probability distribution of different levels of damage can be built
up from the range of outcomes of each of the failure sizes and
failure locations considered. This is the process of Risk Analysis,

The alternative outcomes for a failure are normally evaluated using
an Event Tree approach, This is complicated in this application as
there are a number of factors which are time dependent, such as
operation of subsea valve, operation of platform ESD, time of igni-
tion, and leak rate following valve closure, The relative sequence
of these operations influences both the outcome, and the conditional
probabilities, Thus for the case of the subsea ESD valve the prob-
ability that the valve will be closed will depend on whether or not
ignition has occurred as well as on the size and location of the
leak., Also, the probability of ignition is a function of leakage
rate and this will vary with time following closure of the valve,



This problem has been handled by developing a model to evaluate event
trees dynamically. 1In essence this model, which is the core of the
method, follows the logical development of all possible event out-
comes with time, and characterises each by an initial leak rate (at
time of ignition) and a characteristic leak rate and duration for the
period following ignition, These characteristic leakage rates are
then used to predict the consequences to a particular platform in
terms of people and structures,

The dynamic event tree model (DET) can produce a large number of
possible outcomes, and it would be impracticable to evaluate the
detailed consequences of each of these separately. This has been
overcome by producing a reference set of consequence results for a
range of leakage rates and durations (when relevant) for each of a
defined set of leak positions, The leak rates produced by the DET
model are then used to select the closest matching consequence
results from the reference set,

The steps in the analysis performed may thus be summarised in the
following six steps:-

1., Define a set of leak sizes and positions which will represent the
full range of failures that could affect the platform,

2. Define failure rates for riser and pipeline as a function of
these leak sizes and positions.

3. Evaluate consequences to the platforms in terms of effects to
personnel and to the structures for the range of leakage rates
and leak positions,

4, Run the "Dynamic Event Tree" Model for each design option to
produce a set of characteristic leakage rates for each outcome,

5. Run the "Risk" model which takes output from Steps 2, 3 and 4 to

produce the final risk results in the form of a probability
distribution of defined damage levels for both people and

structures.,

6., Discuss and compare results,

2.1 Form of Results

The results of the study are presented as a table of probabili-
ties and bar charts showing the overall risk to whieh the plat-
form will be subjected and the effectiveness of the various
parameters considered in altering that risk,

In order to make the overall task manageable, all the conse-
quence results are evaluated in terms of a limited number of
defined damage levels, The levels normally used are given in

Table 1,



TABLE 1 : DEFINED DAMAGE LEVELS

e = -

\ DAMAGE LEVEL | PEOPLE AT RISK | DAMAGE TO STRUCTURE !

' 1 : 1 -5 i Minor < 1% !
i 2 i 6 - 15 i Major 1-10% !
i 3 H 16 - 50 i Massive 10-90¢% !
! y ! 51 = 120 ! Total Loss > 90% |

- —— -

Definition of Leak Sizes and Failure Locations

Leak Sizes

The set of leak sizes used in the analysis are normally deter-
mined on the basis of the crack propagation characteristics of
the pipeline being studied. Usually the theory of Shannon
(1974) is used - See Figure 2,1, A typical set of leak sizes is

shown in Table 2 below.

TABLE 2 : LEAK SIZES

- -

mm
| 1 H 10 '
i 2 ' 40 '
i 3 i 80 !
H 4 H Full Bore !

e

Failure Locations

A set of four leak location categories are usually defined for
use in this analysis, The typical locations are shown in Table
3. The valve has been assumed to be placed at 500m from the
platform since, from experience, it is usually found that the
consequence of a leak beyond this point are negligible,

TABLE 3 : FAILURE LOCATIONS

- - 0

. —— = - — ——— - o S

Vertical Riser above sea level

] 1 1
t i H
H 2 | Vertical Riser below sea level, plus first |
H | 20m of pipeline !
{ 3 { Pipeline from 20m to 200m !
i y { Pipeline from 200m to Valve at 500m H



The analysis considers the possible outcomes for each failure
category at each leak position, then sums these eventually to

give an overall result,

3. THE DYNAMIC EVENT TREE (DET) MODEL

3.1

The Model Framework

The DET Model provides a framework for following the set of

possible developments of a release case with time from the time
of the failure, This is needed because initiation of platform
ESD, closure of the subsea valve, and the probability of igni-
tion are all inter-related and functions of both leak rate and

time,

The condition of the system at any time is represented in the
model by a "State Parameter", The exact form ,of this state
parameter depends on the particular design of subsea valve being
evaluated, but essentially it has the form of a three dimen-

sional logical array which records,

1. Whether ignition has occurred

2. Whether the subsea valve has closed

3. Whether platform ESD has been initiated

Thus initially the System State is (F, F, F) i.e,

False = No Ignition
False = Subsea Valve Open
False = ESDV Open

Various possible forms of subsea valve have been considered:
remote operated ball valve with either manual or automatic
initiation and check valves being the main contenders,

The model operates by considering the development of the release
from one system state to other system states over a series of
time intervals, The possible developments from a given system
state is represented as an event tree logic diagram, The logic
diagrams are specific to a given form of subsea value:. Thus the
core of the model are these sets of event trees and the as-
sociated probability models which provide the probability esti-
mates for each logic branch (e.g., ignition occurs, or subsea
valve is closed etec,),

An overall flow scheme for the model is shown in Figure 1, It
can be seen that the model loops over all valid system states
for each time increment, This process continues until the de-
velopment of all the branches has been completed, The develop-
ment is considered to be complete when either the leak rate has
dropped to below a cutoff level at which the consequences would



3.2

be insignificant (dependent on leak location), or when the time
since ignition, or, if the leak has not ignited the time since
failure, exceeds 3 hours, The development is also terminated if
the probability for that branch falls below 10-10,

Before evaluating the development of the state the current leak
rate is determined from the subroutine BARRIER. This subroutine
models the time varying leak rate from a pipeline or riser
failure taking account of valve positions etc. With the check
valve option the subroutine also determines whether the valve
would close, assuming that it is functioning as intended,

Within the development of a state there is a set of probability
models to provide probability values for each decision box on
the logic diagram. Some of these will be simple numbers, for
example "Subsea valve in a failed state", while others, for
example "Ignition"™, will depend on leak rate and location, or

other parameters,

Each new state created in the development represents a new
branch of the dynamic event tree, Data on each branch is stored
so that the development of that branch can be continued at the
next time increment. When the development of a branch has been
completed, these data are used to provide the characteristic
parameters for that branch for use by the Risk Summation model
to determine the consequences of the outcome on the people or
structure of the platform, These characteristic parameters are:

1, The total probability of occurrence of that branch/outcome

2, The release rate at the time of Ignition
3. The characteristic release rate for the period from ignition

to when development was completed
4, The characteristic duration for the same period

The branch data could also be used to provide other information
on the development of a particular release, for example, mean
time to ignition, time to subsea valve closure, time to platform
ESD and so on, This however, has not been done at the present

time,

The Event Trees

As discussed above, the core of the DET model is a set of event
trees which represent the logical development of each system
state at any time interval, The logic is specific to a par-
ticular subsea valve option, and each set of event trees have to
be programmed as a subroutine to the model, The event trees for
the two subsea valve options considered at this stage - The
manually operated ESD Valve Barrier and the Check Valve are pre-
sented and described below, Each set has an initial event tree
which describes the development immediately after failure, and
then a set of trees for each state at subsequent time

intervals,



3.3 Probability Models

The development of the event trees results in 14 probability
models, 7 common to both subsea valve options, 5 particular to
the Manual ESD and 2 particular to the Check Valve, Some of
these "models"™ are simple numbers while others are functions of

leak rate and location,

APPLICATION TO A TYPICAL SITUATION

Input and Results

The most common application of this type of model is to high capacity
gas pipelines - either to long distance export pipelines or to large

intrafield lines,
A typical scheme is shown in Figure 2,

The rupture flow rate decay profile, typical of a long gas pipe-

line, is shown in Figure 3. Base frequency data, in a form similar to
a typical application, is shown in Table 4 below., Base consequence
data, from which the safety effects are generated, would be in a form
similar to the graphical results shown in Figure U4,

TABLE 4 : TYPICAL FAILURE FREQUENCY DATA (per year)

i | LEAK SIZE !
| POSTTTON oo s o S s s !
: : 1 B 3 4 !
EEEnty— i e B S S -
{ 1 to1,77x107% 1 9.87x10-5 | 3,55x10-5 | 3,43x10"5 |
I 2 | 3.93x10-% | 2,12x10-% | 6.,90x10-5 | 6,44x10-5 |
b3 ' 1.52x10-4% ! 8.,95x10-5 | 2,79x10-5 | 3,43x10-5 |
" ! 1.36x10"% ! T7.,20x10"5 ! 2,41x10> | 2,66x10-5 |

i ——— . S o

The results are presented as risks to people and risks to structure,
for each of the four effects classes (minor, major, massive, total
loss) - sample detailed output is shown in Figure 5. Generally, it
is also informative to produce the results in histogram form - as

shown in Figure 6,

Interpretation of Typical Results

For the particular results shown in Figure 6 relating to an isolat-
ed platform, the conclusion would be that there was a significant
reduction in risk both to personnel and of damage to the structure,



The way in which the determined reduction in risk is distributed is
frequently of interest. With no subsea valve the effects on the
structure in this particular example are fairly evenly distributed
over the four damage classes, with the maximum frequency occurring in
Damage Level 3. With the introduction of a subsea valve this distri-
bution is changed completely - With the subsea ESD valve this is
reduced tenfold, and reduced still further with a check valve, The
introduction of a subsea valve here reduces the risk of severe struc-
tural damage, whilst the risk of minor structural damage is reduced

to a lesser extent,

For the effects on people a similar picture emerges from Figure 6,
although for different reasons., With no subsea valve, there is a
reduction in risk from Level 1 (1 - 5 people) through to Level 3

(16 - 50 people) then an increase in risk to level 4 (51 - 120).

This latter increase arises solely from the link with structural
effects, it being assumed that events which could lead to total loss
of the structure would put all the personnel on the platform at risk,
As discussed above the effect of the subsea valve is largely to
remove this risk of total platform loss, and this is reflected in the
risk to personnel, In fact this effect accounts for a large part of

the overall reduction in risk to personnel.

With the subsea ESD Valve Barrier there is in fact an increase in the
risk frequency for Damage Levels 1, 2 and 3, arising from the re-
distribution of risk from damage level is, although the cumulative
risk is reduced, With the Check Valve the risk frequencies in damage
level 1, 2 and 3 do show a moderate reduction, of about a factor of 2

overall,

The risk analysis has thus clearly shown that in this particular case
a pipeline barrier can result in a significant reduction in risk,
particularly to the structure, and that a check valve barrier gives a
greater reduction in risk than a manually initiated ESD valve,

In other circumstances different conclusion are reached, depending on
what other risk reducing measures are also being implemented, such as
connections to adjacent platforms, different pipeline lengths, etc..
Some of the other effects that have been taken into account, either
individually or in combinations, are listed in Table 5 below.



TABLE 5 : OTHER RISK REDUCING MEASURES THAT MAY BE TAKEN

INTO ACCOUNT

e — -

ta Altered reliability of subsea valve

2. Different Leak detection times

3. Blowdown - at either end of the pipeline
b, Riser of pipeline re-routing

]
|

|

|

]

1

i

| 5 Thicker pipe; increased corrosion protection
I b, Increased dropped object protection

N Increased pipeline inspection by pigging

i 8. Increased platform protection

9. Increased structural fire protection

i 10, More effective evacuation routes

CONCLUSION

A methodology has been developed for dealing with safety issues re-
lating to the installation of subsea valves that allows quantitative
estimation of the risk reduction effects to be expected from the
various feasible remedial measures,



OVERALL FLOW SCHEME FOR DYNAMIC EVENT TREE MODEL

FIGURE 1
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FIGURE 1
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FIGURE 5:-

SAMPLE OF DETAILED OUTPUT
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FIGURE 6 SUMMARISED RISK RESULTS
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