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Abstract

In project risk management many firms use bubbdégmims to get a graphical presentation of a prejecbst
uncertain attributes. The bubble diagrams and piwres used to put attributes into these diagramsegen to
provide a rational framework for managing riske. this paper we review and discuss the use of thieggams
and procedures. Special attention is given to thg safety is treated. We show that the standardtibebble
diagrams is not adequate for identification antbfelup critical activities that affect safety. Th®in problem is
that the present structure means that the uncsrténnot properly taken into account. In this pape
reformulated bubble diagram is suggested that hetfiects safety relatedncertainties.

The offshore oil and gas industry is the startiomp but the discussion is to large extent general

1. Introduction (technology, maintenance, etc.), construction daordi
echnology, weight, time, etc.) and operational

Project risk management is a systematic process Ogonditions (regularity, potential for modificatigresc.)

identifying, analyzing, and responding to projeiskr [11]
%%]] act risk ¢ is in thealite Risks related to safety, that are mainly concermit

€ project risk manhagément process I in thealee low-probability and large consequences, are nogmall
descr.lbed in terms of phases, which are decompased not considered in project risk management. Sudts ris
a variety of ways, see_for e_xample [5] and [6]. Ghe are considered in safety management. Safety
the phases in the project risk management prosess hwanagement is strongly related to project risk

risk as;essment, Whi(.:h inyolves the entire procéss management, but while the project risk management
islnaltyhsmg _arl1<d evaluating r'tSkS'h ; ot i considers all risks regarding the project outcomnee,

n € ns i assefhsrgetr;] tp asle Ob b%rIOJ%(_: rISI<both events with negative and positive consequences
P;agf?gfrggg d 3)";2,[ gn ova:er\llri](\e/\(/)vv()efsa l;rojgct’lsagr:irggafety management addresses only the accident risks
o ; . ) . So far bubble diagrams have not been used for eatid

critical attributes at the point of time. The basisthe : g

?hubbleh dlta;lgramsd'ls th"?‘t the 1r|sks are conS|dere2 n this paper we review and discuss the use ofethes
robugb'l't res 3 |menS|onsk.)_|.t ) F'cotnst?]que.ncl © hiagrams and procedures in a project management

probability and 3) manageability. First, the i context. To what extent could these diagrams bd use

analysed by an evaluation of these dimensions, theﬂ) identify and follow up activities that affectfety?

the ﬁriti?ality tﬁf the Irisks is e(\j/afl_uatlfzd trt:ased tbrg What type of adjustments are required to make the
resufts from the analyses, and finally the resa diagrams suitable for this type of application?

presented in a bubble diagram. -
Risks included in the bubble diagram are oftenteela -crlc;ri?; v?t?;? rﬁgkr?SSangorﬂ%;zeggfiE;gisi’sv:ﬁdgfed o

to tephnological consideratipns. 'In the oﬁshorleao'd expresses the combination of consequences and
gas industry for example, risks included in thebjab_ probabilities [7]. In this paper we adopt a
d|agr_am are to a large extent rglated to technod_ibg| generalisation of this definition which state thak is
considerations such as reservoir conditions (reserv the combination of consequences C and associated

volume, - reservoir compositions,  sand - production, .o 4ainties U, i.e. (C, U), in line with [1] arfd].
changes in well stream, etc.), drilling conditions
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The point is that probability is a tool to express MANAGEABILITY
uncertainty. It is however not a perfect tool, ame 5 sk 2 G row
should not restrict risk to the probabilistic worlthe |, ° Y W A %ﬁzﬁm
probabilities are conditional on a specific backord g ¢ i P ool ) MEDIR G
knowledge, and they could produce poor predictions| 2 RISK 9
Surprises relative to the assigned probabilitiesy ma|® ; crmen
occur, and by just addressing probabilities such ' - MEDIUM

. 00 01 02 03 04 05 06 07 08 09 L0 LOW
surprises may be overlooked [1], [2] and [8]. PROBABILITY

Taleb makes a similar conclusion using the blacarsw
logic [12]. The inability to predict outliers (blac Figure 1 Graphical presentation of different risks in
swans) implies the inability to predict the cousfe  a bubble diagram

history. An outlier lies outside the realm of remul

expectations, because nothing in the past car he classification of risks into the bubble diagriam
convincingly point at its occurrence. The standaals  carried out on the basis of an understanding of the
for measuring uncertainties are not able to pratiese  different dimensions as described in the following:
black swans. We find also similar ideas underpignin
approaches such as the risk governance framewor
[10] and the risk framework used by the UK CabinetThe potential for reducing risk and obtain desiebl
Office [4]. outcomes. The ‘potential’ is considered as the
Traditionally, the uncertainties are expressedupho capability the firm has to reduce risk and obtain
probabilities in the bubble diagrams. Following our desirable outcomes seen in relation to other coscer
perspective on risk, we suggest a modified bubbldn particular cost. We say that the manageability i
diagram which reflects uncertainties beyond thehigh if it is considered feasible to implement meas
probabilities. over time which can reduce risk and give increased
The paper is organised as follows. First, in SecBp  confidence in obtaining desirable outcomes. Sityilar
we give a review of the bubble diagrams in projesit ~ We understand a low manageability.

manage_ment. Then in_ Section 3 we c_Iiscuss th%’robability:

appropriateness of using the bubble diagrams to

identify and follow up activities that affect safetn ~ The probability included in the diagram is either:
Section 4 we give suggestions of an improved bubble ,
diagram. Finally, in Section 5 we draw some

Il\</IanageabiIity:

an expression of the uncertainty associated with

X an event A
conclusions.
or
2. Review of the bubble diagramsused in « an expression that specific consequences C will
project risk management take place. Analysts typically treat ‘specific

consequences’ as consequences worse than the

The bubble diagrams in project risk management are assigned expected value EC.

used to get a graphical presentation of differésisr
that are considered important. Information abowt th
different risks is given through three dimensions:
consequence, probability and manageability.

The bubble diagram is based on a consequenc
probability characterisation as shown in Figurelie

An example of a risk included in the bubble diagram
where the probability is within the first mentioned
category is “ship collision next year”. A ship dsibn
il next year either occur or not - it is an everdnd

AR ) . the probability included in the diagram is then an
manageability is visualised through the bubble size expression of the uncertainty associated with that
The criticality of the risks is decided through an

luadi £ th th di : d i event.
evaluation o ese ree dimensions, ~and Sy, example of a risk where the probability is withi
represented by a colour. The classification ofrtblkes the latter category is “production cost’. The

in the bubble diagram is just a snapshot of theasiin “oroduction cost’ is not an event but a random

and is continuously updated. variable, and the probability included in the degris
then an expression of the likelihood associated wit
specific consequences.
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Following the common practice, the probability Consequences
. . . « . " 0 1-5 6-20 More than
included in the diagram for “production cost” iseth . fatalities | fatalities | fatalities 20
probability that the production cost exceeds the oo radicd fatalities
assigned expected cost EC, i.e. P(C>EC). ency on of {‘:}
more
Consequence (Expected negative impact): ;*Laef;tlso
The expected negative impact included in the diagra e
is either: Predicti
on of 1-
- the expected loss given an event A s {‘::}7
over 1
or year
) - 10-50%
» the expected loss given that specific consequences probfabil
C will take place. It is common by the analysts to o
treat ‘specific consequences’ as conseguences ovent.
worse than the assigned expected value. year
1-10%
dela: .. . . probabil
Ship collision next year” is as mentioned befame ity of
event in this logic, and the consequence of tlsi is ovent i‘::?
then within the first mentioned category. over 1
The consequence for “production cost” is relateth&® T
latter category. Following the common practice, the probabil
consequence included in the diagram for “production 'C%Sf {:j?
cost” is then the expected loss when losses whise t event
the assigned expected loss occurs, E[C | C>EC]. year

In the bubble diagrams the expected loss for risks

expressed through a consequence category (for{jg P(G | A): Probability/frequency for consequence
example a number from 1 to 10). Different companies C if the undesirable event A occurs
use different categories, and the meaning of the_. . :
consequence categories are different. Figure 2 Example of a risk matrix

The bubble diagram is closely related to a riskrixat introduction section. The ideas will be clarified
In the bubble diagram there will be a unique throughtwo examples.
classification of the risk since attention is givem
expected consequences. For “ship collision next"yea
the risk will be classified in the bubble diagramthe Consider the risk related to gas leakages in agssc
point (P(A), E[C|A]). This way of classifying risk&n  plant. To describe this risk an assignment is nfade
also be adopted for a risk matrix, but it is alsmnon the probability that a gas leakage occurs during a
to use consequence categories in risk matrices. Fafpecific period of time, and for the expected
example, if a ship collision occurs we may constier  consequences given a gas leakage. Given the
consequence categories; G0 fatalities), G (1-5  background information a leakage probability of 10%
fatalities), G (6-20 fatalities) and £(more than 20 s assigned, and the expected consequence is edsess
fatalities). The risk could then be classified e trisk  to be within conseguence category 2.
matrix as shown ifrigure 2. Let us assume that the probability for a leakage to
occur is based on two databases, which give
3. Discussion of the bubble diagramsin project completely different information about the frequgnc
risk management for gas leakages in process plants. Obviously, the
assigned probability could lead to poor predictiofis

Gas leakages in process plants

To evaluate the project risks, focus must be plawed

i . I the number of leakages.
the m_ost critical factors. 'F‘.the bubble (j|agra e. In addition to this, the consequences if a gasdgak
are risk and manageability, where risk comprises

consequences and probabilities. The risk is desdrib occurs could be very different. In most situatiahe
by a prediction C* (expected consequence) of thelosses will be negligible, since ignition and e)gutm

consequences C and probability P, i.e. (C*, P)sTh of the gas normally will not occur. But if an expion

way of describing risk means that the uncertaistyat occurs the losses could be rather extreme. The
y 9 ) ) expected consequence will not properly take into
properly taken into account as pointed ant the

account this potential for huge consequences,that i
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an important part of the risk and should be refldct identify and follow up activities that affect safea
when the risk is described. logarithmic scale is used on the probability axis.

In this example there are considerable uncertairitie We recommend classifying the risks into the diagram
underlying phenomena and processes and the standardthe same way as for the traditional bubble diagr
approach presented above would not be able to Ireved@hat means that the position for the differentsigkll

this important aspect of risk. be exactly the same in the two diagrams. Incorpmrat
of the uncertainty dimension can lead to that the
Offshore diving activities classification of the criticality for the differenisks

_ _ . can be modified. We may start the criticality
Consider the risk, seen through the eyes of a riskagsification by first rank the risks according tte
analyst in the 1970s, related to future health BB hee standard dimensions consequence, probability
for divers working on offshore petroleum projeats i 4nq manageability. Then we may adjust these up or

this period of time. An assignment is to be made 0 4,y in case the uncertainties are considered bigh
the probability that a diver would experience healt |5\ |n the two examples discussed in the previous

problems (properly defined) during the coming 30 ggction, the uncertainties are considered high and

years due to thegjiv_ing activities. Let us assumaean  ponce hoth risks should be considered reclassified,
assignment of 1% is made. This number is based OByample by increasing the criticality score one

the avz_nlila_ble_knowledge at that t_ime. Th_ere are noEategory up.
strong indications that the divers will experiemealth
problems. However, we know today, that these
probabilities led to poor predictions. Many divees/e
experienced severe health problems [3]. By resigct In the bubble diagrams risk is described by a joteti

risk to the probability assignments alone, we ¢ t of the consequences (expected consequence) and the
aspects of uncertainty and risk are hidden. Thera i probability. In this paper we argue that such a
lack of understanding about the underlying description of risk is not broad enough, since the
phenomena, but the probability assignments aloae aruncertainty is not properly taken into account. The

5. Conclusion

not able to fully describe this status. assignments are conditioned on a number of
assumptions and suppositions, and are not expgessin
4. Suggestion of an improved bubble diagram objective results. The main component of risk stoul

be uncertainty and not probability. Uncertainties a
often hidden in probabilities and expected valaes]
restricting attention to these quantities could

dimension s added n the d'agram' We may .forcamouflage factors that could produce surprising
example use three different uncertainty levelshhig outcomes

medium and low. In the diagram we visualise theThe information about risks visualised in the

uncertainty level by a letter inside the bubble toe traditional bubble diagrams could be useful in pcoj
spemfyc risk. The letters L’. M and H. are used tomanagement. The diagrams summarize important
V|suaI|se_ vv_hether the uncertainty for a risk |sease_d features of the knowledge and lack of knowledge
}gvgle \;\gtshplgciir:;;ov:/ﬁ F'\i/lgior“elzjms ?LeH'ggeu?ﬁ:trt&:my concerning operations and other activities, ane giv
L L . . . this way a basis for making rational decisions. A
uncertainty IeveI_ for “ship collision next year” is reformulation of the bubble diagram where the
assessed to be high. uncertainty dimension is included is suggested to
further improve this decision basis. By extendihg t

We suggest a modified bubble diagram to betteecefl
the uncertainties. Sed-igure 3 An uncertainty

RISK PACTORS: w0 MATARBABILITY risk picture to also cover uncertainties beyond the
1: SHIP COLLISION NSk . .
NEXTYEAR L O mepmoMLow probabilities and expected values, we believe that
: - Q st bubble diagrams would be better able to capture
& 1: byl B . . .
Z i O o ST PERIOD “surprises” — which we all know happen from time to
5 .
2 CRITICALITY UNCERTAINTY tl me .
1 N - HIGH H = HIGH
107 105 10° 10° 107 10° 107 1 | " -MEDIUM | M= MEDIOM
PROBABILITY S e Acknowledgement
Figure 3 Uncertainty dimension incorporated in the we would like to thank, John Surdal, StatoilHydar,
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In the diagram several risks will be classifieddan
therefore we will refer to the different risks with
unique number as shown in the above figure. Taebett
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