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Abstract: This article presents a generic project risk management process that has been particularized for construction projects from th
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Introduction and Foundations as an ANSI and IEEE standard. PRAM and RAMP tend to reflect
more a “British-European” way of performing PRM, whereas the
The idea that risk management should be an important and inte-PRM chapter of the PMBoK was prepared by a mix of contribu-
gral part of project management is currently well and widely rec- tors from North AmericgUnited States and Cangdand Europe
ognized by the leading project management institutig@isnon (U.K. and Spain; one of the writers was part of that tgaNev-
et al. 1997; IPMA 1998; PMI 2000; AEIPRO 200IThe period ertheless, PRM practice is not very different in North America
since 1990 has seen a variety of writers proposing a range of riskand Europe.
management processes. Al-Bahar and Cranda®0, the U.K. The writers present PUMAProject Uncertainty MAnage-
Ministry of Defense (MoD-PE-DPP 199), del Cam (1992, men}, an integrated methodology based on a hierarchically struc-
Wideman(1992, BSI (1999, NASA (Rosenberg et al. 199%he tured, flexible, and generic PRM process, here particularized for
U.S. Department of Defend®SMC 2000, and the U.S. Depart-  construction projects from the point of view of the owner and the
ment of TransportatiodDOT 2000 are among these suggesting consultant who may be helping the owner. The PUMA methodol-
the use of processes with four or five phases. For example, phasesgy is completely embedded in the project planning function; it is
may include initiation, identification, analysis, response planning, essentially consistent with and expands, among others, PMBoK-
and control. The processes may be applied in general, or for spe2000, RAMP, and PRAM. The main components of the method-

cific project sizes and types. ology are

Probably the most noteworthy, comprehensive, and soundi. A generic PRM process to be undertaken by companies or
project risk managementPRM) processes today are PRAM institutions with the highest level of risk management matu-
(Simon et al. 1997; Chapman and Ward 1997RAMP (ICE rity in the largest and most complex projects;
et al. 1998, and PMBoK-200QProject 2000 PRAM has a spe- 2. A set of flexible guidelines provided to simplify the global
cial importance because it was the first highly comprehensive process, taking into account a wide set of project circum-

process developed by a large team, including both practitioners stances, especially those related to the level of risk manage-
and academics. The RAMP process has characteristics similar to  ment maturity of the organization undertaking the project,
those of the PRAM process in scope, structure, and conception the relative project size, and the project complexity; and
but has been conceived for the construction environment. Finally, 3. A set of recommendations for the use of existing risk analy-
the importance of the PMB0K-2000 process lies in its relevance sis techniques, taking into account similar criteria.
In the PUMA methodology, the ideal would be to develop
ICateditico de Universidad, Escuela Pdtitsica Superior, Univer- processes tailored to the individual needs of each organization
sidad de La Coftm C/Mendizhal, sin, 15.403 Ferrol, Spain. E-mail: ~and even each proje¢Chapman and Ward 1997a,b; Turner and
alfredo@cdf.udc.es Payne 199¥ And the best way to define how a generic model can
2Profesor§ titular, Escuela Pdlitgica Superior, Universidad  be simplified is through empirical methods. The generic process
de La Corum, C/Mendizdal, s/n, 15.403 Ferrol, Spain. E-mail:  and its possible simplifications will serve to define a specific pro-
pcruz@cdf.udc.es _ ) _ cess according to the organization and project’s circumstances.
Note. Discussion open until May 1, 2003. Separate discussions mustrpage simplifications may or may not be followed in each indi-
be submitted for individual papers. To extend the closing date by one vidual case after a previous analysis. In the beginning, studying

month, a written request must be filed with the ASCE Managing Editor. d vzing th lete PRM is al ded
The manuscript for this paper was submitted for review and possible and analyzing the compliete process IS always recommende

publication on March 30, 2000; approved on December 5, 2001. This © determine the most appropriate simplifications to adopt. A de-
paper is part of thdournal of Construction Engineering and Manage-  tailed knowledge of the process, organization, and circumstances
ment \Vol. 128, No. 6, December 1, 2002. ©ASCE, ISSN 0733-9364/ surrounding the type of projects undertaken will make possible to
2002/6-473—-485/$8.00$.50 per page. simplify the generic process without losing its effectiveness.

JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT / NOVEMBER/DECEMBER 2002 / 473



Construction project complexity questionnaire Project: Code:
Factor (short description) | value l weight l V*w

Environment: direct complexity
Various socio-political conflicts potentially affecting the project, and interrelationship among those conflicts

Diversity and interrelations (differentiation and interdependence) of current legislation and regulations
Diversity of construction elements which imply environmental impact
Diversity of possible environmental impacts (air, water, noise, solid waste, visual, social)

—l—]—]w

Environment: indirect complexity
Intensity of socio-political conflicts potentially affecting the project and level of pressure and uncertainty they add to it 3
Level of demand in legislation and regulations affecting the project (for instance, in nuclear power stations)

Concern for environmental issues in social, political and managerial levels and level of pressure they exert on the project 3

Fig. 1. Questionnaire to estimate complexity of construction projects

Another basis for this methodology is a questionnaire devel-  Another of the linchpins of this methodology is based on the
oped by the writers to classify construction projects according to taxonomy with which Hillson(1997 establishes possible risk
their size and complexityde la Cruz 1998 This questionnaire  management maturity levels. The first of these is calledVeal
considers two types of complexity: direct and indirect. Direct at this level, the organization is unaware of the need for risk
complexity includes differentiation and interdependence among amanagement. The second level is called “novice”: the organiza-
system'’s elements; this first type of complexity coincides with the tion is now beginning to experiment with risk management
general concept of complexity referred to by Baccafli®96 and through a small number of individuals, but there is no generic,
with what Williams (1997 calls structural complexity. According  structured approach to manage risk. The third level is called “nor-
to this concept, a nuclear power plant is, technically speaking, malized”: now risk management is included in normal business
more complex than an expressway or an office building, even processes and consistently implemented on all or most projects.
when the project budgets are similar. Indirect complexity, on the The organization uses an integrated set of techniques and tools,
other hand, relates to factors that, apart from differentiation and and generic risk management processes are applied in a formal
interdependence, tend to lead eventually to higher levels of inter-way; the organizational culture includes an accepted policy for
dependence among the elements of a systéfiliams 1997. risk management. The fourth level is called “natural”: at this
Uncertainty is one of the major sources of indirect complexity, level, the organization has a risk-aware culture with a proactive
and schedule compression, the criticality of meeting cost objec- approach to risk management in all aspects of the business and
tives, or excessive quality requirements are other factors that leadwith an emphasis on opportunity management. The organization
to it. is continuously updating its processes and constantly learning

Using those concepts, the writers have analyzed the principalfrom experience. The experience of the writers is similar to that of
sources of direct and indirect complexity in construction projects. Hillson (1997); they find that few organizations are currently at
A simple questionnaire with 69 short questidifsg. 1) has been level 4; many organizations are either at levels 2 or 3, and a
elaborated to estimate a project’'s complexity, in qualitative terms, significant number remain at level 1. In the writers’ experience,
in seven project aredproject environment, facility to build, tech-  project-driven organizations can be at level 1, but many are at
nology, project organization, project objectives, information, and levels 2 and 3. Only project-driven organizations could be at level
cultural aspecfs Answers are placed on a scale between zero and4; in contrast, non-project-driven organizations are normally at
three(zero when the question is not applicable, and values from level 1.
one to three for positive answer® show how much importance Furthermore, the concept of risk taken into account to con-
each factor has for a particular project. At the same time, eachceive the process explained here is as an uncertain event that, if it
question has a weighting or level of importarieéso from one to occurs, has a positiveopportunities or negative(threats effect
three. The index of complexity refers to the quotient between the on a project objective. The origin of risk is the uncertainty inher-
weighted average of the answers and the maximum value of com-ent to any project, and every risk is associated wéhleast a
plexity that can be obtained answering the questionnaire. cause, a consequen( least, if it occurs and the probability or

The two theoretical extremes of values for this index are 0 and likelihood of the event occurring. There are known rigksown
100%, even though it is not possible for a project to reach such unknowng that can be analyzed and managed, and other un-
extremes. In real terms, the extreme values fluctuate between Znown risks(unknown unknownjsthat can be addressed through
and 60%. Thus, as real-life examples, an apartment complexa general contingency based on the project manager’s experience.
might have a complexity index of around 7%; the Channel Tun- There may be “static” risks, which will maintain their character-
nel, about 50%. Within the framework of the questionnaire, typi- istics during their period of existence, but many risks are “dy-
cally low-complexity projects measured up to 15% on the com- namic” and can change their probability and impact during the
plexity index; those seen as involving high complexity, at 30% or project life cycle. Moreover, there are risks with a single or nor-
above; and midrange complexity projects, at intermediate values.mal uncertainty(weather phenomenaand other risks(Soros
Subjectivity comes into play with this classification of projects, 1999 with other components of uncertainty caused by their inter-
but here the goal is only to establish recommendations within a active character(social, political, and economic phenomgna
flexible methodological framework. These are the reasons why PRM must be a continuous process
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( PRM processand consists of four stages: requirements, project,
process, and team. The second phase of the process is called
Initiation balancing(balancing the risk environmentAs the name implies,
it is about providing equilibrium to the risk environment of the
project(Down et al. 1994 in the sense of balancing opportuni-
(- ties with threats; it consists of five stages: identification, model-
( ing, estimating, evaluation, and balancing. The third phase is
¥ called maintenance and is about keeping the risk environment
" balanced. Finally, the fourth phase is called learning, that is, the
Balancing | Estimating [ closure subprocess to learn from the present project experience.
The stages of the process can overlap and can also interact with
- the project management activities. The process definition also in-
\ cludes flowcharts to provide a complete picture of the feedback
Maintenance C and interrelation between the different activities at the third level
Learning C and between subactivities at the fourth level. The methodology

also includes more detailed guidance than is expressed in this

Fig. 2. Phases and stages flowchart paper, due to the limitations on the paper’s length.

Requirements Stage

with feedback, from the beginning to the end of the project. The requirements stage kick-starts the risk management process
Otherwise, when developing the risk management process andbetween the staff with the greatest levels of responsibility for it
methodology referred to here, the writers attempted to cull the and the most senior among the clients for whom the work is to be
best aspects of the models reflected in the literature about thiscarried out. Needs and constraints are established, and a simple
topic. In particular, the process has taken into account, amongopportunity analysis of the process is done. Normally this stage
others, aspects of the models proposed by the previously quotedwill be developed in a rapid and sometimes informal way: that is,
writers, as well as those proposed by Lichtenb@@81, 1983, resolved in a few hours. The first step is to obtain the minimum of
Archibald and Lichtenberg1992, Down et al. (1994, Grey information about the main features of the project from the client
(1995, or Reitan and Haug€l997. The reader may also consult  of the process. At this point, this step will be taken without great
other interesting contributions to PRM by CC1989, Gibson contrasts, so that the coherence between these features and the
et al. (1995, Bing and Tiong(1999, Bing et al.(1999, Kangari project objectives is analyzed in only a cursory fashion.
(1995, Javid and Seneviratné2000, and Mak and Picken It is desirable to have the minimum information related to the
(2000. This work is also based on general environment; stakeholders or interested parties; their mo-
» Analyzing practice in occidental organizations. More than 250 tives (profit, benefi; conceptual design; project plan; project
bibliographic references were consulted for this purpose; sev- breakdown structure; available human and material resources;
eral interviews were also developed with professionals in the milestones schedule and estimated deadlines and costs; prioritiza-
construction sector with experience in domestic and interna- tion of project objectives; and other data about the program that
tional construction project$working as owners, engineers, concern the present projedink with program managementThe
consultants, and contractgrand next step is to obtain basic information from the process client
» The professional experience of the writers obtained through about their risk management needs. Now is the moment to inter-
different positions in construction project management compa- view the client about all stakeholders and interested parties in the
nies; in small, medium, and large construction and urban plan- process; the profit or benefit they hope to gaavings, increased
ning and development projects; and by post mortem analysis profitability) and other motivations in the process; the desired
of projects in which the writers have been involved from 1986. process scope; time scale availalée least for the initial and
The aim of this article is to stimulate reflection on ways to balancing phasesthe assigned budget for the process; and, fi-
develop the PRM tasks in different environme(yisojects, com- nally, prioritization of the process objectives.
panies, and so on Following the collection of this information, a contrastive
study is made. If the process goes forward, a small team will be
named to follow through with the rest of the initiation phase,
Generic Project Risk Management Process including the appointment of the risk process manager. The main
goal of this stage is to avoid wasting time in the following stages
As previously mentioned, the generic PRM process is conceivedof this phase, in case of a mismatch between the needs of the
to be undertaken by organizations with the highest level of risk process clients and their own restrictions or those emerging from
management maturity in the largest and most complex construc-the project itself. This stage may be left out in many cases, but it
tion projects. This generic, or complete, process is structured inwill be useful for an outside consultant to estimate his or her
four levels. The first level includes four process phases. Two of prospects of winning the contract, or at least to determine how
these phases have a breakdown into several stages or subphaseasich effort should be made in order to win it. For similar rea-
(second leve| therefore, the process has a total of 11 stages. Fig. sons, it will also be handy for the internal staff responsible for
2 is a flowchart showing the four process pha@ist leve) and risk management.
their breakdown into several stages or subphésesond level
In this flowchart, only the main feedback has been included.
The process stages are divided into steps or activittasd
level). In specific cases, an activity is divided into subactivities The project stage entails a detailed study of the project and a
(fourth leve). The first phase is called initiatioinitiating the definition of how the project’s success will be measured. The first

Project Stage
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step is a familiarization with the project and an analysis of it as  other documenjsand deciding which people and organiza-
far as risk management is concerned. This consists, first, of gath- tions must be informed of those results and the way they will
ering and summarizing any existing information about the project. =~ be communicated.

The type of data needed is not different from that of the require-
ments stage, but adds information related to underlying assump-
tions and parameters considered key to the prdjectexample,
revenue, operation costs, time to market, and sp However, In the team stage, the definitive team will be formed to deal with
the work is now done by the risk management team to make athe remaining phases of the process. First, it is necessary to iden-
contrastive study in their capacity as project management “guard- tify the key players in the process: not only those who are active
ians” or “watchdogs.” The team’s goal now is to suggest possible on the risk management team, but also anyone else who can offer
changes in the project and to produce formal documentation for information for this proces¢designers, users, maintenance per-
this stage. If necessary, additional information will be sought. In sonnel, and so gnMoreover, roles and responsibilities must be
tandem, a search and analysis of historical information about dentified. The next step includes communicating the results of
similar internal and external projects will be done. The second the PRM initiation phase and, in tandem, identifying outside re-
step is to contrast the project objectives, comparing all the infor- source needs, selecting and setting up the team, contracting exter-
mation collected up to this point to decide if everything goes nal resources, and designating roles and responsibilities. Finally,
forward or if the project requires serious reconsideration. Finally, one should identify and resolve the training and integration needs
the way in which project success will be monitored, and even of the established team. This last step may coincide with the first
measured, must be establishel@ Wit 1988; Gray 1996 stages of the next phase.

Team Stage

Process Stage Identification Stage

The process stage includes an analysis of the feasibility of the riskThis stage includes the identification not only of rigkgportu-
management process and its planning. There are various cleanities and threajs but also of potential responses to enhance and
differences between this and the requirements stage. First of all, ittake advantage of opportunities and to fight against threats. There
is the risk management team who now prepares the informationare several reasons to include response identification from this
needed. Another difference is that process planning will now be point on. Quantitative risk models will be developed in certain
carried out in a similar way when a project is planned; this stage cases of large and complex projects carried out by organizations
cannot be dropped. The first step in this stage is to analyze thewith an adequate degree of maturity. A correct quantitative risk
feasibility of the process. This entails analysis model needs to include both risks and responses. Since it
» Reconsideration of the information about stakeholders and in- is necessary to compare the various alternative responses to a risk,
terested parties and the advantagesfit, benefii they hope responses must be included in the model. Quantifying the results
to gain from the process; using different responses will provide useful information for
» Gathering and summarizing information about stakeholders’ choosing among the alternatives. Another reason to include re-
risk tolerances, the organization’s risk management policies, sponse identification at this point is that a specific response to a
and existing PRM procedures; risk can bring secondary risks that would not exist in other cases.
» Analysis of the internal and external rig€hapman and Ward  For example, a turnkey contract at a fixed price will reduce the
1997h inherent to the projectprogram management, corpo- risk of cost overruns for the owner, but quality risks may arise.
rate managemento determine which risks can be handled First, at this stage the team must establish the project activities
within the project’s framework and which should be dealt with to be considered in the risk management process. It is recom-
by outsiders; mended that, in the case of large-scale projects, there be between
e The definition of the different process objectivésethod- 30 and 50 activities5 to 10 and 10 to 30, in case of small- and
ological scope and techniques employed and necessary remedium-scale projects, respectivelAt the same time, the re-
sources and deadlines for the rest of the process, its cost, andponse identification environment must be defined, including ex-
objectives prioritizatioyy and isting risk allocation policies, identification of interested parties
* At this point, a cost/benefit analysis for the process can be that could allocate the risk, and possible contract types to use. The
developed, and it should be decided if major rethinking is next step is to identify and classify risk®@pportunities and
needed, if the process is to be abandoned, or if it goes forward.threat3 and responses. It is necessary to identify primary risks
The second step is to establish and document the process plantopportunities and thregtstheir causes, characteristics, conse-

ning. Above all, one must look at the effects of guences, triggerg¢warning signg and possible owner&lloca-
» Defining process tasks and how they relate to project tasks; tion). At the very least, one must classify these as key riskth
» Defining roles and responsibilities; an important positive or negative impact on project outcomes
» Defining acceptable risk thresholds; and other types of riskthose affecting secondary objectives or

» Defining in detail the process scoffechniques, tools, and so  whose impact on project outcomes cannot be considered as im-
on) to decide on the prerequisites in this figkdich as software  portan. For other, more thorough ways to classify risk, the
acquisition or updating Scope includes not only techniques reader can consult Widem#&h992), Reitan and Haug€l997, or
and tools, but also criteria and other data necessary to usede la Cruz(1998, among others.
those techniques and tools. It also involves the manner of cat- It is also essential to identify and classify primary responses.
egorizing risks and the definition of acceptable risk thresholds Furthermore, an identification is needed of secondary risks and

or scoring methods, among other aspects; their causes, characteristics, and consequences, as well as the re-
» Estimating costs and defining the work schedule for the pro- sponses to these risks. The risk team can use a combination of
cess, dovetailing it with the project schedule; and different risk and response identification technig(®isnon et al.

e Obtaining the formal results of the processk register and 1997; de la Cruz 1998; PMI 2000Among these are project
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documents reviewprompt lists or documenysinformation gath- risks; primary risks and responses; primary responses and second-
ering techniquegsuch as brainstorming, Delphi, interviewing, ary risks; secondary risks and responses; risks and their conse-
and SWOT—strengths, weaknesses, opportunities, and threats quences; and responses and their consequences. Moreover, one
checklists; assumptions analysstability of assumptions and ef-  needs to determine risk-risk and response-response relations. To
fect of wrong assumptionsand diagramming techniqué8ow- finish, it is necessary to integrate the relations to build the model.
charts, fishbone diagrams, and influence diagrams, to identify theonce a satisfactory definition of the model has been reached, the
interrelations between activities, risks, consequences, and remext step is to go over a contrastive study of the model with
sponses It will also be useful to review the six basic questions parties outside the risk management teéinterviews, Delphi
proposed by Chapman and Wath97h), the project life cycle,  technique, panel sessions, brainstorming

and published information, as well as to visit the site. The project

plan (including estimates, plus resource and procurement plans

the work breakdown structure, and the organizational breakdown Estimating Stage

structure are prompt lists that can be employed to promote medi-

tation and, along with it, risk identification. By also reviewing the In the estimating stage, one attempts to calculate the degree of

prioritization and trade-off criteria of the project objectivés- uncertainty associated with risks. Frequently only a qualitative
cluding the uncertainty in defining themthe design, or the  evaluation will be carried out. After deciding on the type of as-
schedule logic, one can facilitate risk identification. sessment(qualitative or quantitative and as for quantitative

The assumptions made during the project feasibility study and evaluations, the second step involves carrying out an initial esti-
in the project plan are other factors that require analysis in the mate of the probability an¢positive or negativeimpact of dif-
risk identification stage, which is the moment to revise the posi- ferent scenarios for each risk. Typically, there will be three sce-
tion that the current project holds within the program it forms a narios: a pessimistic one of maximum nominal impact foreseeable
part of. It is also time to contrast the project objectives with those in the case of threat®r minimum nominal impact in the case of
of the program. Doing so will help identify risks as well. Once the opportunitie$; its optimistic counterpart, turning this picture on
identification work has been completed, one can move on to thejts head; and an intermediate scenario—the most probable of the
third step, going over the contrastive analysis of previous resultSthree. In the case of qualitative evaluation, a similar process can
with parties outside the risk management team. This step will be he carried out, but there will be an estimate of the probability

very useful to identify unexpected or hidden risks. The reader |g\¢| (high, medium, or low for each risk in different scenarios.
must take into account that specific stakeholders’ C|rcumstancesA|though this is a qualitative evaluation, the impact should al-

can t_)_e unment_|o_n_able, _and henc_e be th_e cause of r|sk_s that ar9\/ays be quantifiedgiven a minimum and maximunto establish
identifiable but initially hidden. This task is normally carried out :
. . . . ; contingency allowances.

by means of interviews, Delphi technique, panel sessions, or It must be emphasized here that the main objectives of quan-
brainstorming. After that, an analysis of the reliability of the in- .. .. . . . . .

) . . e . titative analysis are to provide project participants with an oppor-
formation used and generated in the identification will be per- . . o .

tunity for reflection and to make any uncertainty in the project as

formed. In the final step, after a preliminary prioritization of risks patent as possible to those participants. A quantitative analysis
and responseg@using simple qualitative techniques record of - ) . -
b wsing Pl g que should never be idolized. It should be done seriously and rigor-

the work that has been carried out up to this point will be created. N L
ously; otherwise, it is preferable to avoid it altogettigarbage

This information will make up the risk register, a document to be | : :
used and updated in subsequent phases. |n—garbage ogt It should also be used with prudence, mainly as
a communication tool.
The third step involves fine-tuning the estimates of the risks
Modeling Stage that are considered opportune. In each process of fine-tuning,
what may take place is simply an elicitation of the initial esti-

The modeling stage has to do with an in-depth analysis of risks mates, a better definition of a probability distribution, a change in

and responses that involves developing a model to serve as abask?]e type of probability distribution, or a combination of all of

for the evaluation stage. The first step is to formulate the problem, L. . . o L
so that the purpose of this stage and its possible restrictions arethese. If subjective data have been mixed with objective historical

clarified. Then an analysis is done to decide which risks are to beo_lata, one shom;)ld demdf(fe_ 'f Itis nertlzesshary to n;)ultlply_th_(la sudbje_ch
included and which excluded in the model, which model or mod- t'r\]/e es_tlmqtes y acoe 'ﬁ'em sot adtt eydcan ebaSS|m| ated wit

els are to be developed, and which risks will be included with the O_Je_Ct'VG estimateChapman an .Wa.r . 1,99)7

each. This is followed by model definition; these models may be This is when one should also decide if it is necessary to carry

as simple as a table that summarizes activities, risks, response&m a successive breakdown to reduce the estimates’ uncertainty

and main interrelations, or complex enough to be on par with of critical risks with u_nacceptab_le varianégypical o_Ieviat_ion in
sophisticated dynamic modelsystem dynamics, process simula- the case o_f quantitative .analygls, or any excessive dlstancg be-
tion) to include project activities, risks, responses, their conse- tWeen maximum and minimum impact in the qualitative anajysis
quences, and their relations. This reduction will be achieved by applying Lichtenberg’s suc-

If necessary, this is when one should define any special tech-cessive principlgLichtenberg 1981, 1983; Archibald and Licht-
nique required for a specific risk analysjsarticular techniques ~ enberg 199% breaking down the risk event and estimating the
not applicable to all kind of projects, such as specific weather impact (and probability, in case of quantitative analysi the
models for off-shore projects, as opposed to techniques such aseveral components of that event. This breakdown will continue
Monte Carlo simulation, applicable in many caseés for until acceptable remaining levels of uncertainty are achieved. The
projects where there is already sufficient information, standard next step is to estimate the external costs of covering the various
models may be used. Model structuring may entail a clarification insurable risks, comparing them with the expected value of taking
of how the following interrelate: project activitiddistinguishing this risk on internally. The final step is to update the risk register
flexible and nonflexible interrelatiofs activities and primary with the prioritization of risks here performed.
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Evaluation Stage and third levels The seventh step is to carry out project planning

at the second level and the first detailed project planning. The
eighth step is to establish fallback or contingency plans to mini-
mize the impact of risks if the planned responses fail when the
risk event occurs, including contingency allowan¢&ése, cos}.

The evaluation stage entails introducing the estimates from the
previous stage into the models defined in the modeling stage to
evaluate the project’s risk. First, the data about the risks are in-

troduced into the modelgwith and without risk responses, in Then the following phase of this risk management process must
different scenarios, including various combinations of respgnses gp 9 P

to carry out partial and global calculations, graphic outputs, pos- be planned for, defining the format, frequency, and contents of the

sible model restructuring, and a diagnosis that includes a sensi-r'SK reports and their integration into the global project reports.

tivity analysis. This diagnosis establishes the necessity of restruc-’(’;\;tr?r %?JTZrlelicrﬁtln?g d?g; rZiEgﬁ (()efsffglbsli:;ae%e’ir:htiémarloii? ITatr?
turing the model, modifying the project plan, or fine-tuning the y y proj ptan,

previous estimates. Second, the triggers are identified in a defini-:;\lll;(:]'tr;g ;hz;’; Wih':SB;:%'attﬁi;‘:;:\lfo?gpggﬁgflgiﬂmﬁinﬁéta:f_
tive manner. Third, the risk thresholds are defined, and a final 9 19 ' ’ gate,

evaluation will be undertaken establishing opportunities to take cepd.

advantage of or to ignore, as well as threats to respond to and to

accept, and the overall risk ranking of the projétt allow for Maintenance Stage
comparison and facilitate decisions between projedise evalu-
ation stage is essentially quantitative; it can be reduced to a mini-"*> ='= s : X |
mum in the case of certain projects and organizations. This dis- Maintaining the equilibrium of the project’s risk environment. In
penses with the first step of carrying out a quantitative analysis (hiS Phase there is an activity of general monitoring, which in-

for every model. Nevertheless, the rest of the stage process stillcludes the projectas well as its objectives and assumptjoasd
holds, although in a simplified form. the program. At the same time, risk monitoring will be carried

out. This will deal with the evolution of risk factors, triggers,
responsestheir implementation and effectivengsand other as-
pects of the risk environment, along with releasing contingencies
In the balancing stage, one finally puts into effect the first mea- as required, detecting trends in the PRM process, and updating
sures toward reaching a balance between opportunities andhe risk register. Another task is to carry out periodical and ex-
threats. This stage embraces the project’s global planmihéch, ceptional or special checkigncluding the updating of the risk

in turn, includes the selection of definitive risk responsesl the ~ registej. This includes reviewing risks, responses, risk models,
planning of the following phase of risk management, and above and risk evaluation. Risks identified at the beginning may disap-
all entails getting started with all the necessary immediate action. pear, with new ones cropping up. Furthermore, periodical or ex-
Project planning will be developed at two or three lev@$ap- ceptional risk reports will be produced; these are to be integrated
man and Ward 1997bdepending on the project duration. There into the project reports.

will always be global planning, which spans the project’s life Along with all that has been mentioned, one should, at certain
cycle with a minimum level of detailfirst leve). Beyond this, intervals, develop, document, and implement the successive, de-
more detailed plannin¢at a second leveill be carried out for ~ tailed planning of the project at the second and third levels.
more reduced timelines. This planning will take place at different Should a crisis arise, it will be necessary to take certain steps to
stages of the project in a dynamic concept; these timelines may orreestablish the balance of the risk environmémtsis manage-
may not coincide with each phase of the project. Finally, planning men}. In the first place, one must confirm the presence of the
with the maximum detailat a third level will be done at different ~ corresponding triggers, whether or not these have been antici-
stages of the project to flesh out the work undertaken at the secPated. Then the crisis team must be built, the crisis must be ana-
ond level. Along with providing other advantages, this “succes- lyzed, and the corrective measures previously plannedcion-
sive” work prevents the kind of project plan that is unrealistic, tingency planning must be selected and applied. If possible,
avoiding wasted effort and time, along with excessive spending, Preventive actions will be taken to avoid similar crises in other
surprises, confusion, disagreements, and a lack of motivation. ~areas of the project or even in other projetd®mino effect.

One party’s risk can be another party’s opportunity. The first Thereafter, one should establish and put in place workarounds,
step in the balancing stage is about defining the final project's Which are urgent responses that have not been plannéw/fde-
policies for risk allocation. In the following step, one identifies man 1992 Finally, the risk register is updated. From the experi-
the risks that will be allocated to each organization and personence gained in the various iterations of this stage, one may reach
(external or internal to the owneto establish who has the re- the conclusion that it is necessary to go back to one of the previ-
sponsibility for managing them and who will withstand the im- 0us stages. This may lead to, among other things, a modification
pact should this occur. In the third step, one should plan for con- of the project plan. The cycle of normal activities within this stage
tracting in terms of contract typedtraditional, turnkey, will be periodically repeated until the project enters its closing
construction management, and so),aie definition of contract ~ Process.
clauses, and finally, deadlines and contractual milestones. The
fourth step, on the one hand, is to confirm all of the above with
the participants, making any necessary changes; on the othe
hand, one must check if all that has been accomplished until nowThe learning stage or phase entails reflecting on what one has
is coherent and legally correct. The fifth step is to gather, sum- experienced during the project; it is about learning from this ex-
marize, verify, and document the project’s global plan. Moreover, perience to improve on future activity and increase the body of
the risk register will be updated to include the work that has been corporate knowledge. First, the scope of this phase must be de-
carried out up to this point, including the lessons learned. In both fined and planned for. Then there is the final collection of any
cases, the compiled documents will be distributed. The sixth stepremaining data related to risk management for this project, adding
is to define the timelines for any other project plannisgcond any finishing touches to the risk register. The next step is to pro-

As the name indicates, the maintenance stage or phase is about

Balancing Stage

rI_earning Stage
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tractor, and so on although here the process has been particular-

Relative size h > )
~ ized for the owner’s role. Three other main aspects include the
g maturity of the organization, the relative size of the project, and
%o Medium complexity its complexity. Fig. 3 offers a classification of projects according
g g plexity | to their complexity, relative size, and degree of maturity in terms
§ < High complexity of risk management of_the company carrying out the project. For
2 Fig. 3, two levels of risk maturity are used. The low maturity
E Medium complexity level includes levels 1 and @naive” and “novice”) from Hill-
~ Low complexity Zone m3 son’s(1997 model. The high maturity level includes levels 3 and
" 4 (“normalized” and “natural”) from Hillson’s model. Projects

are then categorized by complexity and relative size. Factors re-
lated to complexity have been referred to above. Regarding rela-
tive project size, the criterion is to compare project budget and
company capitalization, as proposed by Turner and P&la@?7).

({:or example, we can say that the project is small, medium, or
arge when the project budget is on the order of 1/100, 1/10, or
1 of the company capitalization. Of course, Fig. 3 includes
aded zones as a remainder that the limits between maturity,
complexity, and size levels are fuzzy. A table including general
guidelines for the simplification of the generic process has been

fdeveloped(l:rg 4). [In Fig. 4, the NPV is the net present value:

ome NPV issues will be discussed later in the paper.

Fig. 3. Classification of projects by complexity, relative size, and
organization risk maturity level

cess and make a final analysis of the data, including project ob-
jectives achievement and a comparison between expected and a
tual risks. After that, the team will reflect on the results of this

analysis and assess the PRM process developed, and the corpora
data bases will be updated accordingly. The last task is to produce
a final risk management report; this will be incorporated into the
project’s final report. This phase must be performed not only in
the case of the project ending as planned, but also in that o
premature project terminatiaf@bortion).

Simplification of the Generic Process Analysis Techniques

Various factors come into play when contemplating the simplifi- Risk analysis techniques must be chosen according to the project,
cation of the generic process. One is r@evner, engineer, con-  its determining factors, and the type of analysis to carry(prgf-

Zones Zones characteristics Guidelines

ml &m2 Low risk maturity level and 1. Risk management only applied to trouble-free, well-managed projects. It's useful to contract outside
low complexity or small consultants (carefully selected), or to take on staff from companies with a higher level of risk maturity. Internal
relative size staff training needed. It's recommendable to produce draft procedures with templates while performing PRM.
The RM team will normally be the project team. Risk register: very simple including risk, qualitative
probability assessment, and quantitative impact assessment.

2. Only 4 phases and 7 stages: Project, Process, Identification, Estimating, Balancing, Maintenance and
Leaming.

3. Project Stage: absence of internal information of historical value; search other sources to locate such
information. Possible problems in defining the factors that measure project success. Qutside experts:
inestimable help; completing the entire process with internal resources is feasible, but these phases will remain
far from perfect.

4. Process Stage: no feasibility analysis of the process (the decision is previous to the process); only analyzing
the process environment and planning the process.

5. Identification Stage: one may skip identifying secondary risks and responses; not advisable for important
projects.

6. Estimating Stage: only qualitative analysis except for NPV (sensitivity analysis). No risk model, except for
NPV and the risk register already mentioned.

7. Balancing and Maintenance Stages: similar to the complete process, but only with 1 or 2 project planning
levels.

8. Almost inevitable: formal procedures for certain automation that will reduce the cost of the process; while
facilitating the task, it also serves as a catalyst for the process, and for increasing of the organization’s risk
maturity level. These formal procedures should make use of checklists for the majority of risk management
activities.

M4 & M5 High risk maturity level and 1. To allow the generic process to develop completely and rigorously. Possibility of utilizing special
high complexity or large mathematical techniques. These are projects suitable for including a dimension of research and development in
relative size risk analysis

Fig. 4. Simplification of the generic process: general guidelines regarding Fig. 3
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itability, time, cost, and so gnAny rigid recommendation in this
field would once again be absurd. The main qualitative risk analy-
sis technique¢Simon et al. 1997; de la Cruz 1998; del ©@asnd

de la Cruz 1998; PMI 2000; among othecsirrently used are

Absolute size
High lexi

High level

Checklists;

Assumptions analysi&@lready referred o

Data precision ranking, to examine the extent to which a risk
is understood, the data available about it, and the reliability of
the data in order to evaluate the degree to which the data about Low complexity | Zone mA =
risks are useful; -

Probability and impact description, to describe those param- Fig. 5. Classification of projects by complexity, absolute size, and
eters in qualitative termévery high, high, moderate, and so organization risk maturity level

on);

Probability-impact risk rating tables, which assign risk ratings
(very low, low, moderate, and so pto risks based on com-
bining probability and impact qualitative scales; complexity of the techniques until one has achieved the best cost-
Cause-and-effect diagrams, also called Ishikawa or fishboneprofit ratio for each type of firm and project. Fig. 5 is similar to
diagrams, to illustrate the interrelations between risks and their Fig. 3, but now the third classification criterion is absolute rather
causes, including the domino effect; than relative size; here the criterion is to compare the project
Flowcharts and influence diagrams, as pure graphs reflectingbudget with the typical budgets for small, medium, and large
the interrelations between activities, risks, and responses; andconstruction projects. For example, we can say that the project is
Event and fault trees, which are typically used in risk analysis small, medium, or large when the project budget is less than
of engineering systemgnuclear power and petrochemical US$2510°, between US$25.0° and, US$10010°, or greater
plants, and so grand which can also be used in project man- than US$10010°. Fig. 6 is an example that sheds light on the
agement. analysis techniques to be used according to an organization’s ma-

The main quantitative techniquéSimon et al. 1997; de la turity, as well as the complexity and size of the project. Defined in

Low complexity | Zone MA
High complexity | Zone mC

Maturity

_'_Medium complexity | Zone mB

Low level

Cruz 1998; del Cam and de la Cruz 1998; PMI 2000; among the figure is the logical range of possible analysis techniques for

others in current use are each of the zones found on Figs. 3 and 5, alongside other, more
Sensitivity analysis, to discover the criticality of various specific considerations. For more detail in relation to the tech-
project parameters; niques included in Fig. 6, the reader can consult Simon et al.
Expected value tables, to compare expected values for differ- (1997, de la Cruz(1998, del Cam and de la Cruz1998, and
ent risk responses; PMI (2000, among others.
Triple estimates and probabilistic sums applied to cost estimat- ~ Some specific tools performing a sensitivity analysis, Monte
ing (for example; Carlo, and probabilistic influence diagrams do not take into ac-
Monte Carlo, Latin hypercube simulation, to obtain the cumu- count the possible correlation between risk aspects, while others
lative likelihood distributions of the project's objectivéset do. The latter entail more complex risk models, and consequently
present value, cost, timesing probabilistic estimation of the ~ more knowledge and experience are needed for that purpose. The
input parameters; greater the maturity of the organization and the project’'s magni-
Decision trees to aid decision making when there are choicestude, the more such a correlation should be taken into account. On
with uncertain outcomes; the other hand, all techniques based on the concept of expected

Probabilistic influence diagrams combining influence diagrams Value (product of probability and impacmust be used carefully,
with probability and Monte Carlo theory to simulate aspects of Without forgetting the double dimensionality of rigkvilliams
project risk; 1996: risks can be ranked not only by their expected value, but
Multicriteria decision-making support method®DMSMs) also independently by their probability and its impact. Finally,
for making choices among alternatives with conflicting de- sophisticated quantitative techniqugsocess simulation, system
mands. Analytic hierarchy proce$8HP), for example, is a  dynamics, fuzzy logic will only be used in a small number of
type of MDMSM that can be used for multicriteria selection cases of high-level risk maturity organizations undertaking
among different risk responses, mixing qualitative and quanti- “megaprojects,” particularly when the organization wants to add
tative criteria; a component of research and development.

Process simulation, using a variety of techniques to simulate

specific project processes;

System dynamics, combining influence diagrams with a more Other Aspects That Influence the Risk Management

complex mathematical framework to dynamically simulate Process and Techniques to be Used

specific aspects of project parameters with feedback loops and

the ability to simulate the selection among different alternative Figs. 3 to 6 are related to specific recommendations on possible
actions; and simplifications of the generic process and on the use of analysis
Fuzzy logic, with potential applications to scheduling, cost techniques that can be established in internal corporate proce-
control, and multicriteria selection among several alternatives. dures. For instance, Fig. 6 can have variations depending on the
In addition to these, other support techniques such as brain-organizationtype, size, corporate culture, and sg and the type

storming, Delphi, and interviewing can be used in risk analysis, of projects(construction, information technology, and so,cand
estimations, and estimation refinement. even in the field of construction projects, the subtype of projects

The best way to begin from zero would be to use the most (process plants, office buildings, and so) ateveloped by the

basic qualitative techniques and to later gradually increase theorganization. It has already been mentioned that the organiza-
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Fig. 6. Sample recommendations about use of risk analysis techniques regarding Figs. 3 and 5

tion’s maturity and the project’s size and complexity are not the generic project stages. From the point of view of the owner and

only factors that influence how the process may be simplified. the PRM process, the life cycle of a low-complexity construction

Other factors include project involving design/bid/build contracting has 10 stages: fea-

* In cases where a certain level of maturity is given, whether or sibility; funding (obtaining fundg planning; engineering alloca-
not one is dealing with the first applications of risk manage- tion (contracting the engineering servigesgesign; construction
ment to a specific kind of project; allocation (contracting contractofs construction; transfetcom-

e In cases where a certain degree of maturity is involved, missioning and handovgrreview (audit at the end of delivejy
whether or not the organization is, for the first time, in the and suppor{supporting the operation in a specific period subse-
transition from applying the process in small and well- quent to the apparent construction completiadowever, it is
managed projects to its application in more problematic and important to note that all the project management work must take

larger ones; into account the subsequent operation and close-down stages of
e The motivation and attitudes of personnel involved in the the product(constructed facility, including the disposal of the
implementation of the risk management process; facility. Some of the project and product stages oveffap in-
« Whether or not the risk management process is applied from stance, construction and transfer, or support and opejatiwn
the project’s inception; may do sa(as in fast-track projectsOn the other hand, problems
e The way in which risk management is carried out in the pro- can result in a return from a stage to a previous one.
gram that includes the present project; The project life cycle(PLC) can be simpler for the owner in
» The availablg(internal, externalresources and time; case of design/build contracting. However, it can be more com-
» The type of contracting systefdesign/bid/build, design/build,  plex in owner-builder projects of high technical complexity, when
construction management, and sQ;end it is necessary to perform part of the procurement task to develop
* The prioritization of objectives. the detailed engineering; in this situation, the PLC will have 12

Moreover, we can also find the case of non-project-driven or- stages: feasibility, funding, planning, engineering allocation, basic
ganizations that will always undertake their projects with external design, purchasing, detailed design, construction allocation, con-
resources, so that they are left with only key decision making. In struction, transfer, review, and support. Furthermore, specific
these cases, the external consultants can develop a risk managetages may be of varying importance and complexity, depending
ment process independently of the risk maturity level of the or- on the type and characteristics of the project and owner’s organi-
ganization. Many of the aspects summarized in this section alsozation. For instance, the funding stage may be almost nonexistent
influence the analysis techniques that will be used. in the case of internal funding, or very important and complex in

a large build-operate-transféBOT) project, from the point of
view of the licensee; in the same way, in some projects the design

The PRM Process and the Construction Project: will be developed by the clienfwithout the need to contract

Application and Necessary Resources engineering servicgswhile in other circumstances, several engi-
neering companies will be contracted.

Some writersfWard and Chapmaii1995, among othershave Rarely is only one person directly managing all these project

studied the development of a PRM process along the variousand product stages; in many instances, three people are directly
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responsible for some of the project stages: the development manformal reduction of uncertainty associated with this stage will
ager launches the project, leading the feasibility and funding lead to an improvement in the reliability of the results of the
stages and even the planning stage; the project manager is resporalready existing time, cost, and NPV models.
sible for asset construction, leading the stages from planning to  In cases where several engineering companies are working in
support; and a third manager is in charge of gheduc) opera- parallel, risk management must also be concerned with coordina-
tion and close-down stages. In specific cases a different persortion issues. The principal areas of concern related to the PRM
may be in charge of the disposal of the facility. Occasionally, the process at the construction stage will be quality and, depending
project manager might lead all project stages. on the contracting system, coordination and health and safety is-
The uncertainty and risk levels will be high in the early project sues. The previously developed risk models related to time, cost,
stages, and the project objectives and performance criteria vagueguality, and NPV can be improved, if possible, and used again
These objectives will be progressively clarified and refined from periodically and in the case of important events implying threats
the feasibility to the design stages. Meanwhile, the uncertainty or opportunities. The main purpose of the transfer stage will be to
and risk levels will gradually decrease in the course of the project: assure that the actual performance of the new facility is as ex-
that is, the earlier the project stage, the higher the importance ofpected, or at least good enough to support the operation stage,
the PRM process. At least the first two PRM phasetiation achieving an adequate profitability without health, safety, and en-
and balancingwill be developed before the end of the planning vironmental danger. Obviously, the risk models that can be used
stage. In complex projects, a complete first run of those two PRM again, if necessary, are the ones related to all these issues. In the
phases will take place in the feasibility stage, and a second runyeyiew and support stages, the PRM process is meant to ensure
during the planning stage. The PRM maintain phase will be {h4t gl important lessons are learned and documented; addition-
worked out during the project stages from engineering allocation ally, the purpose of the support stage is to detect new problems.
to transfer, and the PRM learning phase will be developed during  “Anqther question is the team and time necessary to perform
the review stage. With the new facility in operation, a different o pR function and its associated cost. In relation to the team,
risk management process should be started. In specific cases qhere will be no specific risk team for small projects and low-
important environmental danger during the facility’s disposal, the maturity organizations; the project team will perform this func-
close-down stage_ can be viewed as a complete project in itself;tion. For large project's, it is recommended that a risk process
there_fore, a speC|_f|c .PRM process will be developed. The P_RM manager be appointed to plan, implement, and supervise the PRM
function has special importance in the case of fast-track prOJeCtSprocess; this person can be helped by one or more risk analysts. In

(Ward and Chapman 19fsexcept when the design of elements specific cases the risk team can include someone responsible for

first constructed is not dependent on that of subsequent elements . . . :
o i o collecting and documenting data. Obviously, a wide range of
In the feasibility stage the PRM process will be wide in scope, 9 g y 9

T . S . other project participants will help in the PRM procédssigners,
pred|c_t|v_e in nature, and qor_merned with the p_rOJects pr(cofrt contractors, users, maintainers, insurance companies, and.so on
benefit, in the case of public infrastructureBechnical feasibility To be effective. the risk brocess manader must have a deep un-
issues, such as the industrial process potential performance o , b g P

r ) ; . . i
safety and environmental risks caused by design fault, will also be derstanding of the project processes and wide experience in other

: . imilar projects; imagination, creativity, an mmunication
considered. It cannot be expected that every relevant risk acrosg Thar Projects, imagination, creativity, a d good communicatio

all the PLC stages will be fully assessed at this point. The purposeSk”!S are also needed. Th.'s person ?hOUId be independent .Of the
of risk management at this moment is to evaluate the project project team, to ensure its objectivity, and can be exclusively

conception and help define the project’s concept and objectives.?ed'cafteq tot risk mana:gement_, otr a men;ber of another IphrOject
The main risk model to build and use ng®RM modeling stage eam (for Instance, another projec managdn many cases the
will be the one related to the net present valdi®V) or internal process _”Sk manager 1S an internal staff me”?ber Worklng_ part
rate of return of the project. In this sense, various project configu- ime in different(or all) projects undertaken by its organization.

rations(size, technologyor even different projectéalternatives This allows performing effective PRM, even in small projects, at
to achieve the same objectives can be studied now. Several sub@ |0W cost. The risk analyst will be responsible for building risk
models of the NPV model can also be built now, such as the onesmodels; at least, he or she must have experience in time and cost
related to the future facility’s location, capital and operation costs, eStimation and control and be always dedicated to the project
and market research. part-time. o _
The purpose of the funding stage is to contrast the results of ~HOw much time is needed to perform the PRM process is
the previous stage, making improvements on and reusing the Npyvdependent on several factors, such as PRM scope, clients, avail-
model and analyzing the risks associated with each finance alter-2ble data, and human resources, among others. A PRM process
native. At the planning stage, the PRM process will focus on the ¢an take from a few hours to several montBiapman and Ward
evaluation of the project plan. The risk models that can be built or 1997b. To be useful in small, low-complexity projects where the
improved upon and used are those related to time and capital costanalysis will only be qualitative, the two first phases of PUMA
As for the allocation stage€or engineering or construction, as (initiation and balancingwill take a minimum of 2 to 5 days.
well as at the purchasing stagéhe purpose is to evaluate the Depending on the factors referred to above, a complete and de-
agreements ready to be signed, analyzing the time, cost, and qualtailed PRM process can take from 15 days to 3 moierlap-
ity risks associated with the contracting of each possible com- ping the project planning
pany. The data related to these risks can be fed into the time, cost, Finally, the cost of the PRM process can range from that of a
and NPV models already being used. At the design stage, theperson working part-time for 2 to 5 days, to a maximum of 5 to
main purpose is to evaluate the desigarticularly its quality 10% of the project management costs. Taking into account that
and to contrast the time and cost estimations. Specific quality the project management can account for between 5 and 10% of
models can be built for use during the construction stage, andthe capital costs, the cost of PRM will range from a few hundred
other models can also be constructed to analyze safety and envidollars to 0.5 to 1% of the capital costs, depending on the factors
ronmental risks caused by design fault. On the other hand, thealready referred to.
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Application to a Real Project .

An application to a real proje¢simplification of the generic pro- ¢
cess, selection of analysis techniques, and development of the first
two PUMA phaseshas been developed in collaboration with the
owner, and the main issues are explained here. It is a medium
complexity projec{complexity index= 23) is examined to build a

plant for liquefied petroleum ga&PG) regasification, near Fer-

rol, Galicia (an autonomous region in the northwest of Spain e

The project size allows for the existence of a specific PRM
team;

Primary and secondary risks must be identified,;

Three planning levels should be used;

In the case of an internal PRM team, only the use of qualita-
tive analysis techniques can be recommended, with the same
PRM process as in zones m1 and (ag8ding the team stage if
there is a specific PRM tegmand

Simpler or intermediate-level quantitative analysis techniques

Currently the gas utility sector has a liberalized maretvate

sectoj in Spain, and Galicia has no plant of this type. Therefore,

the regional authority aspires to decrease the energy dependence
on other regions. The scope of the project includes a new pier and
unloading facilities for ships carrying up to 135,000 of LPG;

two 150,000 m storage tanks; a regasification facility with a Fig. 6 shows various analysis techniques applicable to this

minimum nominal vaporization performance of 230° kg/h; project. In any case, one must take into account the chosen con-

regulation, measurement, testing, and other auxiliary plant facili- tracting system and the fact that this is the first formal PRM
ties; and two gas pipelines from the plant to the main consump- process for the team. Moreovéa priori for the owners the

tion points and to links with the national mains. The project prioritization of objectives is timéthe corresponding projects to

started in 1999, and its estimated deadline is in the last quarter ofconvert the power stations overlagollowed by quality-safety

2004. The estimated project cost is US$ 2B (contingencies  and cost. For these reasons, the more suitable techniques to be

included, so it is a large project in absolute terms. The initial ysed by the owner are assumptions analysis, probability and im-

promoter has been a small, private-sector petrochemical companyyact description, probability-impact tables, and sensitivity analy-

belonging to the second industrial group of Galicia; it sees the s for the NPV feasibility study, using correlatiprin the event
project as a business in itself and also as a step prior to building special problems affecting NPV, time, or cost, triple estimates

a new petrochemical plant at the same location, thus obtaining gas,nq probabilistic sums could be used to build models for these

at a low price. The capitalization of this company is on the order e ctives. Instead of probabilistic sums, Monte Carlo simulation

of 1/10 of the project budget, so the prOJect includes a search for probabilistic influence diagrams could be used, applying cor-
partners and the subsequent founding of a new company. Therelation and even “if” functions, but with the help of outside
shareholders are

e The initial promoter, which contributes a share of 18%, also
provides a strategic and suitable location and enjoys a cordial
relationship with the regional authority;

e Two Spanish multinational public utility companig®1%
each, which want to convert several coal-fueled power sta-
tions located in Galicia into combined-cycle fueled systems
(with gas as the main fugland for whom this project is an
opportunity for obtaining gas at a low price;

e The regional authority10%), which wants to oversee the
project;

« An Algerian company, which will sell the gg40%); and

e Two bank companie&l0% each, which will provide the nec-
essary loans to the new company.

The shareholders will provide 30% of the project bud@®%

could be used with the help of outside experts, adding the
modeling and evaluation stagésimplified, because the risk
models will be simplg In this situation, the risk register will
include the corresponding quantitative data, and the consultant
should perform the requirements stage.

experts.

Delphi Analysis

A Delphi analysis has been developed as a final validation. Eight
different meetings have been held with a total of 20 professionals
with experience in industrial plants, offices, shopping malls, resi-
dential buildings, public workgBOT turnpike roads, harbors,
railroad infrastructures and urban planning projects up to US$
2-10% 16 of them have international experience. Then, max,
averagé age of the interviewees i25,61,4] years old. The
[min, max, averagyears’ experience afe2,35,15. The univer-

sity education of those persons is var{&® in naval architecture,

of the capital will be investment grants for locating the plantin a BS and MS in industrial engineering, BS and MS in civil engi-
depressed area, and the remaining 50% will be lpafterefore, ~ neering, MBA, and PhD in business administratiofihe posi-

the project can also be considered larger, in relative terms. Thetions of the interviewees in the course of their professional ca-
project’s estimated base internal rate of ret(RR) is on the reers are also very varigdanging from project engineer to chief
order of 30%, taking into account the real price of gas. Neverthe- executive officer, including project managers and operations man-
less, the real IRR will be lower because the first three sharehold-agers; see appendix for further detailShe total number of dif-

ers will consume gas at a low price. Taking into account the ferent companies joined by those people in the course of their
project’s technology and other circumstances, the owner hasprofessional life is 19ranging from small domestic companies to
opted for a design/build contract at a fixed price. Following Ber- large national and multinational companies such as Alcoa, Bovis,
keley’s modellbbs 2000, the estimated project management ma- British Railways, Dragados, or Fluor Daniel, see appendix for
turity levels are 4(integrated for the utility companies; 2 further information. Respectively[4,15] of those companies are
(planned for the initial promoter; and 8managegifor the regas- in the [public, privatg sector; and11,8] are [national, multina-
ification company. Following Hillson’s model, the corresponding tional] companies. The companies’ activity is varigavners: fac-
estimated risk management maturity levels are, respectively, be-tories, industrial plants, public bodies, property developers, BOT
tween 2 and 3; 1; and 2. Hence, the project is in zone m4 of Fig. licensees; engineering and consultancy; general and specialty
3 and in zone mD of Fig. 5. The general guidelines for process contractors The[min, maX project management maturity level
simplification in zone m4 can be applied to the project. These (Berkeley model for those companies g2 (planned, 5 (sus-
guidelines are similar to those of zones ml and (Riy. 4), tained], and the[min, max risk management maturity level
except for the following factors: (Hillson’s mode) is [1,4].
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Each interview lasted a minimum of 2 to 3 h. After a complete ¢ “The owner will normally want an efficient process based on
explanation(of the methodology and its relation to project man- experience.”
agement, the complete PRM process, and its relation to the Thus, due to the specific characteristics of the Spanish market,
project life cycle, the simplified process for zone m1, the simpli- the assessment could be higher in other countries.
fication criteria, and the necessary team, time, and)ctis in-
terviewees assessed the methodology with a number from 0 to
100%, also taking into account its potential effectiveness and Summary, Conclusions, and Further Research
adaptive nature. Furthermore, the interviewees explained the rea-
sons for their assessmefmros and cons The [min, max, aver- This article has presented PUMRroject Uncertainty MAnage-
agd assessment ig65, 80, 74%, the variance is 0.35, and the mend, a hierarchically structured, flexible, and generic project
standard deviation is 0.59. The main pros stated by the inter-risk managementPRM) process that has been particularized for
viewees are construction projects, from the point of view of the owner and the
« “Very comprehensive, well structured, systematic, logical and consultant who may be helping the owner. The process can also
clear methodology with extensive guidance for its applica- be adapted to the needs of the contractor or other project partici-
tion.” “Specifically, the simplified process for zone m1is very pants. Moreover, many aspects referred to in the article can be

easy to understand and use.” applied to other participants. First, the article has defined a com-
» “It's easy to modify the methodology to apply it to the role of plete or generic PRM process to be undertaken by companies or
the turnkey/design/build contractor.” institutions with the highest level of risk management maturity in

» “The uncertainty of the owner’s objectives will decrease.” the largest and most complex construction projects. After that, the
“The feedback loops will avoid rework.” “Establishing action ~ aspects influencing the possible simplifications to the generic pro-
alternatives will avoid losses when crises arise.” “Risk will be  cess have been identified, and simplifications have been proposed
avoided or reduced; at least, risk will be anticipated and as- for some cases. Any PRM process must be tailored to the particu-
sessed, so fighting against risk will be easy.” lar circumstances of the project and the organization undertaking
And the main cons are it. To do so, it is necessary to take into account the organization’s

+ “To be completely effective, it needs a specific PRM corporate risk maturity and the project complexity and size, among other
culture. If someone wants to apply it but the company doesn't factors. Similar criteria must be taken into account in relation to
support the initiative, the individual’s motivation will finally ~ the risk analysis techniques used in the process. The aim of this
disappear and, sooner or later, PRM will be abandoned.” article is not to persuade readers that a particular, rigid approach
“Even in companies with a certain project management matu- to PRM should be adopted, but to present a flexible methodology
rity, a cultural change is needed towards risk manageiffient to be adapted to the project and organization circumstances and to
instance, the project manager could not be comfortable with a Stimulate reflection on the ways to develop the different PRM
risk process manager who is not below him or her on the tasks in different environmentgrojects, companies, and sojon
projecd.” PRM processes have been studied in depth over recent years,

« “From the point of view of the consultant, and taking into and there is currently an important and sound body of knowledge
account the current project management and PRM maturity in this field. Further research and development must be under-
levels existing in Spain, the PRM consultancy service is not taken in the areagdel Cam and de la Cruz 199&f PRM pro-
easy to sell. In small and even medium projects the e cessegspecific processes from the point of view of other partici-
almost only criterion to contract project management services pants, internationally accepted standgrdechniques and tools
is price. Frequently, only a slight differentiation from the other (integration, templates, combination of techniques, development
competitors will be achieved, at the most. In that kind of of integrated software applications, advanced techniques such as
project, the service will only be bought if the owner has had fuzzy logic, process simulation and systems dynamics, knowledge
good experience with it in the past, or if a tangible cost saving baseg organizational aspects; contracting aspéstsategies to
is proposed. Otherwise, the owner will not take it into account. avoid contractual rivalry attitudes to risk; and education and
The PRM service can be more easily sold in the case of largetraining.
projects, and so much the better if the client is an Anglo-Saxon
(U.K. United States, Australia, and so )oar Scandinavian
multinational company. More or less similar problems can be Acknowledgments
found in other European countries like Italy, France, Portugal,
or Germany, but not so in the aforementioned Anglo-Saxon To the University of La Corum, Spain (project code
and Scandinavian countries.” 649.02.2540.) for support in this project; to Mr. Francisco Silva

» ‘“In the case of using sophisticated quantitative technidires and Mr. Jess Losada, of Forestal del Atitico, S.A./Reganosa,

a small number of cases of high-level risk maturity organiza- for collaboration in the application to a real project; and to the
tions undertaking “megaprojects,” and only when the organi- Departamento de Ingeniarindustrial Il (University of La Co-
zation wants to add a component of research and develop-runa, Spain for support in this project.

meni, the PRM process can be excessively complex and

expensive.”

Other comments stated by the interviewees were Appendix: Delphi Analysis, Other Data

« “[Depending on the contracting systebeyond a more or less
active participation in the PRM process developed by the
owner, the ideal situation would be a PRM process developed
by the different essential project participants.”

» “The applicability increases with the project size, organization Project assessor, project engineer, scheduling and cost control en-
size, and risk management maturity.” gineer, assistant project manager, project manager, operations as-

Positions of Interviewees in Course of Their
Professional Career
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sistant manager, operations manager, engineering services marge Wit, A. (1988. “Measurement of project succesdrit. J. Proj. Man-
ager, technical services manager, plant maintenance manager, age.6(3), 164-170. ‘
plant safety manager, divisional manager, managing director, gen-2own, A., Coleman, M., and Absolon, PL994. Risk management for

eral manager, and chief executive offi¢@EO).

Companies Joined by Interviewees in Course of Their
Professional Life

Abaco Ingeni€a y Sistemas, Alcoa Europe, Astano, Bovis, Brit-
ish Railways, CH2M Hill, Consultores 2, Dragados, Ferrovial,
Fluor Daniel, Forestal del Attgico, Heredia Consultores, Insti-
tuto Nacional de Industri@dNI), Madritel (Grupo Auna, Priser,
Regasificadora del Noroest®eganosp Tile Stone, Urbamusa,
and Z3 Gesfin de Proyectos y Obras.
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