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| (E&P) business is in the midst of a
@ major transformation from an em-
phasis on cost-cutting to more diverse
portfolio management practices. The
industry has found that it is not easy to
simultaneously optimize net present
value (NPV), return on investment
(ROI), and long-term growth. The re-
sult has been the adaptation of quanti-
tative business practices that rival their
subsurface geological equivalents in
sophistication and complexity.

The computational tools assess the
risk-reward tradeoffs inherent in the up-
stream linkages between 1) the applica-
tion of advanced technologies to im-
prove success in exploration and in ex-
ploitation (reservoir evaluation, drilling,
producing, and delivery to market) and
2) the maximization of both short- and
long-term profitability.

Exploitation is a critical link to the in-

T’;he exploration and production

INTERNATIONAL OIL COMPANY EARNINGS

dustry’s E&P profitability, as can be
seen from the correlation between earn-
ings growth of the international majors
and production growth (Fig. 1). This
correlation is taken from 1997 business
plans, prior to the latest price dip, which
has temporarily affected earnings
throughout the industry.

Yet production growth must be
matched by growth in reserves; other-
wise, an oil company shrinks in value
over time (Fig. 2). More than half of the
reserves growth booked in 1997 by the
international oil companies represent-
ed in the figure was from exploitation
growth in known fields, rather than
from new exploration discoveries.' As
new petroleum reserves become more
and more difficult to discover, ex-
ploitation will become even more im-
portant. Only those companies that
know how to apply exploitation tech-
nologies to new growth opportunities

Fig. 1

will survive over the long term.

Recent performance of companies
varies widely, from those that both find
abundant new exploration and exploita-
tion reserves and produce their known
fields well (companies in Quadrant I of
Fig. 2) to those that are good at either
production (Quadrant II) or exploration
(Quadrant III). Some companies have
not had much recent success in either
exploration or exploitation growth
(Quadrant IV).

Though the balance sheets of the
Quadrant IV companies look fine for
the near term (and share prices are
holding), they are neither booking
sufficient new reserves to replace
those being produced nor efficiently
exploiting the fields they own. How
then do companies that are not opti-
mized for both production and re-
serves growth chart a path forward to
improve their technical performance

Fig. 2

PRODUCTION AND RESERVES GROWTH*
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Fig. 3

Fig. 4
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and keep themselves in business over
the long term?

The exploitation portfolio

The first step to improved perfor-
mance is to identify the importance of
each field to the business unit's overall
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portfolio.

Every company is different and must
uniquely balance NPV, ROI, and
growth in order to prosper. Fig. 3 pre-
sents an example of the portfolio of a
generic E&P business unit that is trying
to both increase its NPV and grow. This

' !
Fl g
portfolio has 8 producing properties, 19
exploration possibilities, and 3 recent
property acquisitions. Near term cash
flow must come from producing prop-
erties. Only one exploration property
(exploration No. 8) and one acquisition
need pay out for the business plan to
succeed, assuming that the exploitation
program succeeds.
However, production properties No.
6 and then No. 4 are scheduled for big
development efforts that must be suc-
cessful in order to provide out-year cash
to meet the business goals of the unit. It
is obvious that expenditures on whatev-
er technologies that are necessary to
make these developments succeed will
be cost-effective to the overall business
objectives, But cash flow takes a big hit
in the 2 years prior to the onset of the
benefits from the developments. That
makes the performance of properties
No. 3 and No. 7 also critically important
because they are providing the near-
term cash to allow for the long term de-
velopment of properties No. 4 and No.

|

In order to realize overall portfolio
improvement, technologies likely to en-
hance production must be appropriately
selected and applied to fields in the
order dictated by the portfolio: first No.
3 then No. 7, No. 8, No. 6, and No. 4. It
makes little sense to apply enhancement
technologies to other properties that do
not have the potential to improve the
business unit’s overall economic perfor-
mance. Properties No. 1, No. 2, or No. 5
are too small and too far along the de-
pletion curve.

Technical suitability matrix

The next step is to evaluate the ap-
propriateness of the various develop-
ment technologies available to the in-
dustry to solve the specific production
problems relevant to performance of the
portfolio.

Technologies are related to reservoir
characterization, drilling, producing,
and integration (rows in Fig. 4) and
must be selected on the basis of their
suitability to boost specific performance
attributes that produce cash or grow re-
serves, such as the petroleum system in
exploration, and reserves definition,
drilling success, producibility of wells,
and production to market in exploita-
tion (columns in Fig. 4). Only technolo-
gies that are suitable to specific problem
attributes accrue true benefit to the port-
folio as a whole (highest peaks in Fig. 4).

How does a company make the cor-
rect choices?

We suggest that it use a technology
suitability matrix, which is defined as an
organization-specific method of logical-
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ly focusing the expertise of the company
toward best-practice applications of
reservoir management consistent with
the entire portfolio of the company. In
such a matrix, the company rates the
suitability of the various technologies
available to each field to attributes spe-
cific to improve performance of its port-
folio.

We have created a technology suit-
ability matrix for the generic portfolio in
Fig. 4. Peak correlations represent the
most suitable technology-attribute pairs
in the matrix for this particular portfolio.
The company can select and prioritize
where to use which technologies, in
what order, and when to use portfolio
analysis tools that measure the impact of
the technology application on the met-
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rics of the portfolio (see accompanying
article). A technical suitability matrix
such as that in Fig. 4 must answer ques-
tions critical to the performance of the
portfolio, such as the following:

1. Which technologies are required
in what fields to meet a specific set of
complex business goals such as x% NPV
growth, y% return on capital employed
(ROCE), and z% reserves growth (row
1)?

2. Which technologies enable an ad-
vanced understanding of the complex
flow of hydrocarbons necessary to max-
imize drainage from the reservoir to
wellbores in those fields of critical im-
portance to the portfolio (row 2)?

3. Which fields are most in need of
applied rock physics to analyze and un-

derstand seismic and well log responses
in terms of porosity, clay content, fluid
saturation changes over time, and other
physical properties that are critical to
meeting portfolio goals (last half of row
2)¥

4. Which fields require exotic well
trajectories, wellbore damage repair, or
improved remedial stimulation to make
the flow rates required by the business
plan (first half of row 3)?

5. Which wells require changes to
drilling and completion fluids and treat-
ments for asphaltenes and paraffins that
are costing the portfolio cash that might
be critically needed by the business
goals (last half of row 3)?

6. Which water or gas floods need to
be modified to correct for anomalous
fluid front movements that are inhibit-
ing overall field performance (row 4)?

7. Which production teams must be
immersed into visualizations of reser-
voirs and surrounding rock and fluids
so that troublesome oil, gas, and water
production patterns can be understood
in critical fields (row 5)?

Consider some of the technologies in
Fig. 4 that have high suitability within
our generic portfolio. For example, 4D
seismic monitoring (also called time-
lapse 3D) can give quantitative interpre-
tations of the movement of fluid fronts
to compare to reservoir simulation pre-
dictions. Four-D seismic monitoring
provides technologies (row 2 of Fig. 4)
that can improve not only reservoir de-
scription and characterization (column
3), but also producibility of specific
wells (column 5), and speed the delivery
of product to market (column 6).

However, 4D works best where mul-
tiple, high quality 3D seismic surveys
exist (it is more difficult mixing old 2D
with new 3D seismic surveys, particu-
larly outside an immersive environ-
ment). Four-D also works better off-
shore than onshore and in soft, uncon-
solidated sands rather than in hard, car-
bonate reservoirs. In order to evaluate
the business case for deciding in which
fields to apply 4D within a business
unit, rock and fluid changes must be
transformed from acoustic changes (ad-
ditional components of row 3) into vol-
umes of recoverable oil and gas likely to
have been bypassed in each field (col-
umn 5 of Fig. 4).

Also, 4D can clearly increase the re-
covery efficiency of a field (Fig. 5). How-
ever, 4D is expensive and can add more
than $1/bbl to the cost of producing
subsequent oil in a fieldeIf oil critical to
the business goals is needed within the
generic portfolio (row 1), even at the
higher exploitation cost (column 3), then
expenditure for 4D technologies is
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Fig. 8

called for. But the increase in production
from the application of 4D technologies
first arrives at market 2, 3, and more
years out (4D takes time as well as
money).

Will the added performance arrive
too late to effectively optimize the port-
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folio?

Is the field large enough and the tim-
ing early enough in its production cycle
to provide maximum economic benefit
to the portfolio? For example, if a new
deepwater field is predicted to provide a
significant percentage of the cash flow

of the entire portfolio in the out years,
4D monitoring is cost-effective if only
for its added hedge against nasty sur-
prises.

The geological producibility of a
new,- large field is not well enough
known to show up in a normal feasibili-
ty study of the probability of success for
a 4D study to be cost-effective. If the
field is large and important enough, the
4D monitoring becomes a technology
option taken out to hedge against failure
to meet portfolio objectives in the future.

An example of the importance of get-
ting both the timing and the cost-benefit
analysis to fit the portfolio is perhaps
best demonstrated with an analysis of a
specific 4D field study. In this offshore
reservoir, 4D reservoir monitoring has
identified a compartment where
drainage has bypassed a significant vol-
ume of oil (Fig. 6, left vs. center panels).
The bypassed pay is isolated from the
producing wells by a previously un-
mapped, subseismic fault (a common
occurrence).

Subsequent gas injection fails to re-
cover this oil when the gas instead
breaks out along another fault (Fig. 6,
right panel; the time-lapse images were
obtained with 4D seismic surveillance).
Subsequently, a complex, multilateral
well is drilled into the compartment,
and water is injected in the downdip
spur. A large volume of oil is then
drained from two other branches of the
same well, producing needed midterm
cash that is critical to meeting the port-
folio’s production goals.

Though this example appears on the
technical suitability matrix only as a few
peaks of correlation (Fig. 4), the field
asset team has to execute a quite sophis-
ticated and diverse series of tasks in
order to succeed.

First they have to identify and quanti-
fy the seismic changes to be expected in
terms of changing oil, gas, and water sat-
uration changes. Then they have to
image unswept and bypassed hydrocar-
bon compartments, water and gas break-
throughs, and poor well sweep (Fig. 7).
They have to locate bypassed oil and gas
volumes quickly and precisely. They
have to then steer the drill bit into both
the water and oil limbs of the bypassed
compartment within a 150 ft thick reser-
voir more than 10,000 ft below the sur-
face. They have to process and analyze
the results of measurement-while-
drilling logs and completion tests quick-
ly and accurately in nearly real time.

The effort is expensive and takes 2
years from the beginning of the 4D pro-
ject to the production of first oil, but this
well in this reservoir in this field pro-
duces the cash required for success with
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that particular portfolio, so the expendi-
tures are fully justified ?

However, the technical suitability
matrix indicates that monitoring should
not end with the completion of the mul-
tilateral well in the example. The water
and gas injections must continue to be
imaged, and the monitoring of the well's
performance must also be tracked (row
4, columns 5 and 6 correlations in Fig. 4).
Why? Because most water and gas injec-
tion programs in the world inject fluids
that do not go where they are expected
to go, and that is the case here as well.

The important question of whether
this added long-term expense is worth
the risk of attaining additional business
objectives of the portfolio is answered
by the technical suitability matrix.

The matrix also indicates that petro-
physics, 4D monitoring, redrills, and re-
medial water injection designs might not
be all that are needed to improve perfor-
mance in this key field, however. Near-
wellbore drilling damage appears to be
affecting the producibility of some wells
(row 3, column 6 correlation in Fig. 4).
Again, this is not surprising because a
significant degree of damage is present
in 50% of producer wells worldwide.

Other new exploitation technologies
are available then to repair the near
wellbore damage so that remediation
can be planned, but only after it is deter-
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mined that the added expense is appro-
priate to the risk of increasing the cash
delivered to the business goals of the
unit by a substantial amount.

Other technologies related to drilling
and producing, such as oil-behind-cas-
ing, fractured reservoir permeability,
flow unit determinations, low resistivity
pay logging, and new formation dam-
age assessment technologies (rows 3
and 4 in Fig. 4), do not show high suit-
ability to needs of the portfolio for this
particular example.

New computer visualization tech-
nologies, however, do appear to be cost-
effective. They allow measurements
from the 4D seismic monitoring to be
more fully integrated into the 3D view
of the volume of the earth in and around
the reservoir that is particularly suitable
to steering new wells successfully into
the bypassed-pay targets (row 5, col-
umn 4 suitability in Fig,. 4).

Exploitation mission control

Just as the portfolio is combined with
the suitability matrix to provide a front
end to guide in the selection and priori-
tization of which technologies are ap-
propriate to implement, where and
when, the immersive visualization envi-
ronment provides an excellent back end
for optimizing overall portfolio perfor-
mance (Fig. 8).

The business unit must interact with
a whole range of critical fields as pro-
duction enhancements proceed over the
life of the portfolio. Recent events re-
mind us that other industries have al-
ready perfected the capability of visual-
izing complex system operations:
NASA’s mission control and the U.S.
military’s Northstar battlefield control
center are two famous examples.

We believe that the industry is mak-
ing concrete progress toward maximiz-
ing the value to shareholders not only
through new and wonderful below-
ground technologies and proficient,
skilled experts but also from an intense
focus on improving business perfor-
mance through portfolio management.

Such performance enhancement re-
quires interoperation between hydrody-
namic models of the subsurface and
business models at the surface that
poses unique computational and human
challenges. The latter appears to be the
more difficult problem.
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odern portfolio analysis tools

give decision-makers in the oil

and gas industry analytical
support and specific guidance to the in-
tuitive sense that the best balance for
the business lies in a combination of
tactics and simultaneous actions on
multiple projects.

Because of the complexity of consid-
ering several projects or tactics simulta-
neously, decision-makers tend to treat
their projects and tactics as indepen-
dent of anything else in the business.

Yet all of the projects in the business
interact with one another. Project inter-
actions arise from factors such as price-
resource sharing, performance targets,
commercial and market interactions,
and technical risk.

Knowledge of how projects interact
and how the aggregation of all projects
sum to meet balanced business require-
ments should guide decisions. A port-
folio perspective helps the decision-
maker understand the total impact on
business balance resulting from a sin-
gle decision.

With portfolio tools, the decision-
maker is ultimately able to frame op-
tions in terms of the probability of
meeting a suite of balanced perfor-
mance targets.

Basic portfolio management

The following example illustrates
many of the concepts of portfolio man-
agement and the benefits associated
with managing assets from a portfolio
perspective (interdependence model)
rather than from a project-by-project
perspective (independence assump-
tion).

We emphasize the decision-maker’s
perspective. However, the example
also illustrates the impact that engi-
neering, geology, and geophysical
technologies can have. on the portfolio
analysis. .

Portfolio management serves as the
link between a business strategy and
the projects selected to exercise that
strategy. Thus, the corporate strategy is
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E&P AsseTs FROM A PORTFOLIO PERSPECTIVE

Fig. 1

the starting point. Decision-makers
must select metrics to quantify their
strategy as well as multiyear targets for
each metric. The targets must be de-
fined for all years of the planning hori-
zon. The time period must be long
enough to describe the investment and
profit cycle for major projects (e.g.,
deepwater and large international E&P
projects), but not so long that it be-
comes inaccurate.

Fig. 1 depicts the strategy of a compa-
ny measuring itself using four metrics—
production, reserves, net cash flow
(NCF), and earnings—with a 15 year
planning horizon. The bars represent the
targets, while the area plot represents
the company’s existing base business.

The base business consists of pro-
ducing assets, developing assets, and
exploration assets. Gaps between the
base business (area plot) and the tar-
gets (bars) define the performance
shortfalls of this company. The gaps
clearly define business performance is-
sues the company must resolve.

The company has a small gap in
earnings in 1999-2003, which expands
dramatically from 2004 until 2013. The
company has no gap in production in
1999; however, the production growth
goal creates an ever-expanding gap
from years 2 until 15.

The reserve metric demonstrates a
similar gap, yet here the shortfall be-
gins in the first year and extends over
the life of the portfolio. The good news
is that the company has excess cash
flow between 1999 and 2009 to invest
and correct the shortfalls in the other fi-
nancial and operational metrics.

The decision-maker in this company
has a formidable challenge. He must
identify the appropriate selection of as-
sets to acquire, divest, and reshape
such that excesses in certain metrics
can be used to fill shortfalls in other
metrics. This challenge goes beyond
finding good investments.

Good investments must comple-
ment the existing asset base and meet
the required performance metrics. The
likelihood of solving this performance
problem by selecting one project or one
tactic at a time is very small.

Using portfolio analysis, the deci-
sion-maker can describe a range of pro-
jects, including exploration, acquisi-
tion, and exploitation opportunities.
The portfolio model uses linear pro-
gramming to determine which projects
should be selected, what interest
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should be taken in the projects, and
when the projects should be done. If an
appropriate combination of projects
can be found that fills the performance
gaps, the model is determined to be
feasible. If the model is infeasible, addi-
tional or different projects may be re-
quired, or different performance met-
rics or targets must be defined. Sources
of the infeasibilities represent signifi-
cant information.

A feasible solution is illustrated in
Fig. 2. The target bars and reference
area plots are identical to the targets
and base business reference data in Fig.
1. However, Fig. 2 includes a dark line
that depicts the portfolio solution. The
heavy line is always equal to or exceeds
the target bar for all metrics, for all
years, except for the reserve target in
the year 2013.

This target (or constraint) had to be
removed to find a feasible solution. The
model will be run against these modi-
fied constraints for all subsequent
analysis. Any place the heavy line ex-
actly equals the target bar (earnings,
2000-2006; production 2002-2004 and
2006; reserves, 1999-2000), the model is
tightly constrained. These metrics and
timeframes are the critical performance
points for this company.

Efficient frontier

A N AT Ty

i

0S

Knowing the model is feasible, the
decision-maker can proceed to investi-
gate the range of options he has to meet
the performance metrics and balance
his business performance.

By running the model with increas-
ing portfolio value targets—cumula-
tive net present value (NPV) of all in-
vestments—the decision-maker can de-
fine the efficient frontier, as seen in Fig.
3. Each point on the efficient frontier
represents a different collection of pro-
jects (a different portfolio). All portfo-
lios on the efficient frontier have two
characteristics in common: Each port-
folio meets the modified performance
metrics, and each portfolio represents
the minimum risk collection of projects
that generate the appropriate portfolio
value.

The efficient frontier characterizes
the range of portfolio values ($350-750
million) and the associated risks. Risk
for each portfolio is defined as the
mean deviation of all outcomes from a
given portfolio that produce results
less than the target value Mean devia-
tions are computed with a Monte
Carlo analysis, which samples the var-
ious possible outcomes associated with
each project. The shape of the risk
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curve is very informative, but the ab-
solute risk measurement provides only
limited information to aid the deci-
sion-maker.

Prohability diagnostics

A much more informative perspec-
tive for decision-makers comes from
computing the probability of meeting
or exceeding each performance target
(Fig. 4).

Figure 4a plots the probability of
meeting or exceeding the net cash flow
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(NCEF) targets for two different portfo-
lios. The orange line defines the proba-
bilities associated with the $500 million
portfolio shown from the efficient fron-
tier in Fig. 3. The blue line characterizes
the probability of meeting the NCF tar-
gets for the $750 million portfolio on
the efficient frontier.

These results fit the intuition of
many decision-makers. The $750 mil-
lion portfolio is a higher risk portfolio
on the efficient frontier, and the likeli-
hood of meeting the NCF targets de-

Gl

creases as the risk on the efficient fron-
tier increases.

Fig. 4b portrays a different result,
which is not intuitive to many decision-
makers. Fig. 4b clearly illustrates that
the probability of meeting the earnings
targets are similar in the early years.
However, by the fifth year, the proba-
bilities of meeting earnings goals are
notably higher (70%) for the high-risk,
$750 million portfolio than they are
with the $500 million portfolio (40%).

The fact that the probabilities of
meeting NCF targets behave inversely
to the probability of meeting earnings
goals creates a complex situation. The
decision-maker dealing with this situa-
tion clearly must balance the tradeoffs
between meeting these two goals. Deci-
sion-makers must realize that the met-
rics associated with any business are
related in very complex ways. High-
risk portfolios on the efficient frontier
may translate into portfolios with a
high probability to meet performance
targets.

The same high-risk portfolio may
have very low probabilities of meeting
other goals. The role of the decision-
maker is to understand and manage
these tradeoffs. The two sets of curves
shown in Fig. 4 compare two portfolios
(two points on the efficient frontier
curve), for only two metrics. Similar
curves can be generated for all the met-
rics used in the portfolio model.

Project significance

A decision to meet the earnings goal
and therefore to select the $750 million
portfolio described above leads to in-
vestigation of the project contributions
to the resulting portfolio.

Fig. 3 in the preceding article illus-
trates the contribution of each project
to the NCF profile for the $750 million
portfolio. The X and Y axes define the
projects and their contribution to the
NCEF target for each of the 15 years. The
Z axis reflects the magnitude of the
NCF contribution by year and project.
The back wall of the Project axis sums
each project’s contribution across all 15
years.

This figure clearly illustrates that
production projects No. 4, No. 6, No. 7,
and No. 8, exploration project No. 8
and No. 9, play No. 1 and No. 2, and in-
vestment No. 1 are the most significant
contributors to NCF. The production
contribution meets most of the early
years” NCF targets, while the explo-
ration projects and Playg No. 1 and No.
2 along with investment No. 1 con-
tribute significantly to the last third of
the time period. The NCF of different
projects fills NCF needs for different
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time periods of the model.

Also, production project No. 1 was
not selected at all. This reflects a di-
vestment opportunity. Similarly, many
of the exploration assets were not se-
lected. However, investment No. 1 (an
acquisition) was chosen.

Thus, in this one model, the deci-
sion-maker is presented with simulta-
neous acquisitions and divestment op-
portunities. This illustrates the power
of the interactive analysis of the portfo-
lio model. Projects and tactics are si-
multaneously evaluated to optimize
the business.

Similar diagnostics can be generat-
ed for each of the metrics. Learning can
be enhanced by comparing plots for
different metrics: Projects often have a
dominant metric, which causes them
to be significant (chosen at a high
level) to a given portfolio. The signifi-
cance of any project is partly a function
of the project, partly a function of what
the company is trying to achieve, and
partly a function of what other projects
are available to the portfolio. There-
fore, decision-makers need to under-
stand why projects are significant to
the portfolio, not just that they are sig-
nificant.
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Some projects will be absolutely
critical. This means that they cannot be
replaced. Another way to identify criti-
cal projects is to observe that if they are
removed from the portfolio, no feasible
solution can be found.

All too often projects that fail to
stand out in the decision-maker’s mind
end up being critical contributors to the
portfolio. Unfortunately, these are the
projects that end up low on rank tables
or similar scattergrams, and they are

THe AuTHoRS

thus the frequent targets of divesting
programs. Guiding decisions from a
portfolio perspective will prevent deci-
sion-makers from unknowingly divest-
ing critical assets.

On the other hand, projects that are
critical to the portfolio can be identified
and enhanced further. Applying the
appropriate technologies, as described
in the accompanying article, can en-
hance the significance of an asset.

Another way to view the signifi-
cance of an asset is to assess the portfo-
lio value of the asset. A given asset may
have an NPV of $50 million but a port-
folio value of $200 million. How is this
differing valuation possible?

If the asset is totally independent of
other assets in the portfolio, the portfo-
lio value is $50 million. However, if the
asset interacts with other projects, the
portfolio value becomes the aggregate
improvement in portfolio value associ-
ated with this project, as well as all of
its interdependent projects. Thus, if the
portfolio is optimized without this pro-
ject available and the aggregate value
of the portfolio decreases by $200 mil-
lion, the net value to the portfolio of
this asset is $200 million, not $50 mil-
lion.

Decison guide

Portfolio tools are designed to
guide, not replace, the decision-maker.
The portfolio perspective illustrates the
possibilities, tradeoffs, and issues asso-
ciated with the company’s strategy and
the pool of projects with which the
company has to work.

With this perspective, the decision-
makers can learn how the metrics and
projects interact and use this knowl-
edge to guide decisions rather than fall
into the cycle of implementing a solu-
tion and dealing with its consequences.

Portfolio management provides a
methodology for decision-makers to
determine if their strategic targets are
achievable. Furthermore, decision-
makers can assess the likelihood or
probability of meeting their targets.

The tradeoffs associated with any
single portfolio option become easily
apparent before any option is imple-
mented. Ultimately, these tools allow
the decision-maker to focus on issues
that help balance business perfor-
mance.

The portfolio management tool is
to the decision-maker as a reservoir
simulator is to the reservoir engineer.
Neither tool prdVides “the answer.”
Yet both tools reduce complex prob-
lems to manageable understanding
that can be analyzed consistently and
logically. .
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