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ABSTRACT

This paper presents a generic approach to the
integration of a Value Management (VM) Program,
which includes the standard VA Job Plan, with a Risk
Management Program that includes a qualitative risk
assessment, a quantitative risk analysis, and the
implementation of risk mitigations. The methodology
for the risk management portion of the integrated
program includes both range estimating and Monte
Carlo simulation techniques to analyze the risks
identified and mitigated by VA Workshop Teams.
However, the emphasis of this paper is to stress the
value of integrating risk management with VM and to
make maximum, effective use of a sequestered,
interactive and multi-disciplined VA team of
"outside” experts.

INTRODUCTION

When a multi-disciplined team of experts is
assembled in a workshop environment, maximum
benefit can be achieved by using available resources
to greatly improve the effectiveness and credibility of
the workshop output by concurrently managing both
the value and risk . The methodology proposed in
this paper has been successfully used in the P. A. in
many Value Planning (VP) and VE workshops and
has been a dynamic and powerful tool for giving
clarity and credibility to recommendations to senior
policy level management. The paper includes the
following: 1) A discussion and clarification of the
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tools, techniques, and definitions of the Risk
Management (RM) methodology as it is used in
context of VM integration, 2) A generic description
of a step-by-step process for integrating a qualitative
risk assessment and a quantitative risk analysis into
the VA Job Plan and 3) A discussion of the benefits
of VM/RM integration.

Risk Management involves not only an evaluation
of risk issues and the appropriate mitigations, but also
includes a quantification of risk as reflected in the
project contingency. At the risk is evaluated two
ways: 1) in a Project Risk Assessment that discusses
qualitatively such issues as political considerations,
environmental impacts, economic trade-offs, market
demands, revenue forecasts, construction phasing,
etc. and 2) in a Construction Risk Analysis that is a
more formal risk calculation process using range
estimating and the Monte Carlo simulation process to
determine the Project Contingency. Although many
Project Proposals in previous years have included
project risk assessments, the VA Workshops have
proven to be the ideal settings for determining or
validating these project risks, "brainstorming" risk
mitigations, and developing the input to risk analysis
computations using the collective judgment of the
experts that make up the VA Team. Therefore, in
the program Project Risk Assessment and
Construction Risk Analysis have become integral
parts of the VA process, and the multi-disciplined
interactive workshop setting has become almost
indispensable to an effective risk study.
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The risk analysis process provides a mechanism
for calculating potential cost savings or cost
avoidance related to risk issues. In the management
of capital programs, funding for risk is reflected in
the Project Contingency. The Project Contingency,
an amount added to a project’s cost to compensate for
unknown factors (e.g. delays, changes in scope, etc.)
associated with the project, is usually calculated as a
percentage of the combined total of construction cost,
planning/engineeringcosts and general/administrative
expenses. Until the introduction of risk analysis into
the capital program VM Process, contingency had
been traditionally determined by a less rigorous
process. It would be either a mandated or "rule of
thumb" method (e.g. 30% in conceptual design stage,
15% in preliminary design stage, etc.) or a "gut” call
by a program executive based on his best assessment
of potential overruns.

Since different kinds of projects have inherently
different risks (e.g. aircraft runway construction vs.
the renovation of an active airline terminal), a project
contingency determined by risk analysis increases the
accuracy of the Total Project Cost. Simply put, the
contingency should help answer the question "What
will the Total Project Cost and duration be at an the
percentile of confidence or probability of attainment?”
(The the percentile criterion is a corporate policy
determination based on a general pattern of costs over
the years in which approximately 80% of all projects
do not use all of their allocated contingency and, not
coincidentally, also based on Parieto’s Law). This is
achieved by performing a Monte Carlo simulation of
project line item costs (both "above the line hard and
below the line soft costs") and schedule elements
based on a range estimate of all key line items. The
range estimating process is done by the VA Team
members in a facilitated interactive workshop
environment. The result is a Project Contingency
that is now calculated in a rational, analytical way by
VA Team members who have been fully "sensitized”
to the risk issues during the VA Job Plan steps.

RISK MANAGEMENT TERMINOLOGY

To clarify the terminology and methodologies
referred to in this paper the following definitions are
provided as they relate to the integrated process:

Deterministic Estimating - The traditional
method of estimating involved in the computation of
one finite "bottom line" number made up of the
arithmetic spreadsheet calculation of many "absolute”
line item quantities, unit prices and other factors to
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determine the "right" number. Each element is based
on the measurement or best judgment of the estimator
whose estimate represents his/her best thinking at the
time of the calculation. A deterministic estimate will
invariably be different from the actual cost of the
project.

Probabilistic Estimating - A method of
estimating and a technique of analysis that accounts
for the uncertainty or the likelihood of occurrence of
the costs of a project. It is a "real world" comp-
utation of cost based on probabilities and ranges of
possibilities of the outcome of a project. Probabilistic
estimating provides a means for measuring uncertain-
ty by using range estimating and Monte Carlo simula-
tion techniques.

Range Estimating - A decision making technique
in which the uncertainty of each line item of an
estimate is determined by specifying the lowest and
highest values that each element could assume based
on an assessment of the related risks. The low end of
the range is an estimate of the most optimistic
outcome or a "best case” scenario. The high end of
the range is an estimate of the most pessimistic
outcome or "worst case" scenario. The boundaries of
the range are often measured in relation to a
deterministic estimate of each line item. The ranges
become the input data to a Monte Carlo program
which then simulates various combinations of
scenarios. It should be noted that the deterministic
sum of all "best case" or "worst case" scenarios is
statistically impossible to the point that it is not even
presented as a possible outcome.

Monte Carlo Simulation - The risk analysis
methodology to quantify project risks, managing
multiple numerical uncertainties, and determining
project contingency using cost and schedule range
estimating data inputs. A proprietary "Monte Carlo”
TM program (marketed by the software company
Primavera Systems, Inc.), "@Risk for Microsoft
Project” (sold by Palisade Corp.), the program
"REP/PC" (developed by Decision Sciences
Corporation) and other similar risk analysis software
packages combine generic Monte Carlo sampling and
simulation techniques for project specific scheduling
and construction considerations. These programs have
the capability of sampling and simulating as many as
thousands of likely permutations and combinations of
ranged cost elements in such a way that they can plot
a probabilistic distribution group of simulations that
fall within incremental cost ranges. The usual
distribution of the simulation groups of samples of
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cost combinations can be programmed to fall into
"modified" triangular or normal "bell" curve
distribution.

This paper does not present an extensive
discussion of risk analysis theory, including but not
limited to probability and statistical analysis, range
estimating techniques, detailed Monte Carlo
simulation and sampling theory, risk distribution
scenarios, or academic discussions of the tools of risk
analysis. It does limit the discussion to the practical
application of risk analysis methodology using the
basic terminology discussed previously.

AN INTEGRATED VALUE/RISK
MANAGEMENT PROCEDURE

The effectiveness of the integration of risk
management with a VM program can best be
explained by describing its "real-world" application
to the VA Job Plan. In the P.A. model Project Risk
Assessment and Construction Risk Analysis have
become a regular part of the VM process and more
refinements and improvements have been achieved
with each successive workshop. Any agency or
owner would have to "customize" the process to fit
with its unique organizational requirements. The
following is a generic step-by-step risk management
procedure to identify, analyze and respond to risk
factors throughout the life of a project as it has been
integrated into the VA Job Plan analogous to the
model:

STEP 1: During the Information Phase, identify
risk issues and determine risk impacts on the
project.

Before the VA team can understand the risk
issues, it must be prepared to ask the right questions
and to extract the relevant information concerning
risk issues (e.g.. project management, design,
environmental, political, property acquisition, etc.)
from the presenting Resource Team. In addition to
identifying what the risk issues are, it can further
evaluate the general degree of risk (low, medium, or
high). The VA Team is provide with a convenient
generic check list of risk issues used by the workshop
team to obtain an awareness of project risk factors
and develop a list of these issues that which are
unique to the project being analyzed. The team is
now in a position to effectively discuss and analyze
risks and to develop and recommend mitigations.

STEP 2. During the Information Phase, perform
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a risk analysis of the designer project cost
estimate.

Armed with the knowledge of risk issues and
impacts, the team can then subject the original
deterministic design estimate to a line-by-line risk
analysis using range estimating of both the project
cost and the project schedule. In preparation for this
effort the estimate is formatted such that construction
line items, if possible, are often broken down into
labor and material costs along with an identification
of construction duration. The estimates are best
analyzed at a building system, "uniformat” or WBS
level that are identifiable as relatively large enough
unit items that are capable of being placed into a
CPM precedence network.

This step also provides the estimator an
opportunity to adjust the original design estimate
(with the concurrence of the designer) for any major
errors or omissions in the line item deterministic
calculation. Minor errors or omissions will be
accounted for in the range estimating process and a
protracted "redo” of the designer’s estimate is
inappropriate and not necessary.

For each line item (labor, material, and duration,
if possible) prepare range estimate of the "best case"
and "worse case" scenarios. Then conduct a Monte
Carlo simulation risk analysis of the total project cost
(without the contingency) and schedule. Figure 1
below outlines a sample line-by-line range input data
format of a generic construction project. Note that the
process includes an analysis of all project line item
costs, both "hard" and "soft", exclusive of the project
contingency.

An output of the risk analysis is a probability
curve for the original project design of both the
project cost (without contingency) and the project
schedule. (The risk analysis of construction, or
"hard" costs, is an optional report). From this curve
one can determine a recommended project
contingency based on the level of certainty desired.
As mentioned earlier, the PA has established a policy
for a degree of confidence that provides the the
percentile level of certainty that a project will be
within the approved project cost and schedule. The
difference between the original project’s deterministic
cost (without contingency) and the the percent cost
probability is what the original design project
contingency should have been, based on the VA
Team’s assessment of risks. For the purpose of
comparison to the VA proposed design cost, yet to
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be developed, a "risk adjustment” (up or down) is
made to the original deterministic project cost. See
Figure 2 for an example of this analysis. This "risk
adjusted" version of the original estimate will be
comred later with the VA Team’s estimate of its
proposed alternative design, subject to the same range
estimating and risk analysis procedures.

STEP 3: During the Creativity Phase,"brainstorm"
risk mitigations along with other idea generation
efforts.

Now that the VA Team has an awareness of the
risk issues, as well as the imcts of risk design
elements on the original proposal, it is in an excellent
position to interactively generate creative ways to
mitigate risks, in addition to the usually creative
"brainstorming" of ideas to achieve functions for
improved value. These creative risk mitigations are
treated just like any other ideas that evolve during the
Creativity Phase of a workshop.

STEP 4: During the Evaluation Phase, consider
risk as a weighted criterion.

Whether the facilitator uses a fully developed
weighted matrix or a more informal system for
weighing alternatives, risk should be a major
consideration. Ideas that mitigate risk can often
achieve cost savings. Furthermore, the risk analysis
process provides the tools to quantify those savings.
The advantages and disadvantage of workshop
generated ideas as they relate to risk of risk
mitigation can clearly be discussed in a rational way.

STEP 5: During the Development Phase, conduct
a risk analysis of the VA Alternative Design.

Assuming that all the ideas that the VA Team
has proposed can be synthesized into a complete
alternative VA Team proposal, a risk analysis can be
performed on the new proposal similarly to that
which was performed on the original design
alternative in Step 2. The VA Team estimator need
not worry if his/her deterministic quantities and unit
prices are the same as those of the original designer,
since all line items will be subjected to the same
"best case/worst case" scenario analysis as the
original design. Of course, if these workshop ideas
mitigate risks, the ranges of the VA proposals would
be much narrower for the same line item in the
original estimate. Again, a similar probability curve
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is produced based on the project cost, without
contingency. Figure 6 shows the probabilistic Monte
Carlo analysis of the VA Team’s alternative design
for the same project as in Figure 2:

Since there is no deterministic contingency
produced for the VA design, the probabilistic the
percentile project cost can immediately determine the
recommended project contingency for the VA
proposal (i.e. there is no need to make a "risk
adjustment"). Thus, the total project cost of the two
designs (the "risk adjusted" original and the "risk
analyzed" new design) can be compared on an
"apples-to-apples” basis. It is possible to develop an
equitable amount of potential savings or cost
avoidance by comparing the two risk analyzed
proposals.

STEP 6: During the Presentation Phase, present
the risk assessment with suggested mitigations, the
risk analysis with recommended project costs and
contingency, and the total overall potential project
cost savings along with the VA Team’s developed
proposals.

After presenting the qualitative discussion of risk
issues, a quantitative cost comrison of the original
design can be presented in a very simple tabular form
to quantify the Total Project Cost potential savings
resulting from both the standard value analysis
functional improvements and the mitigation of risks.

In the example above, the potential cost savings
(or "cost avoidance") is $10.4 million for the Total
Project Cost ("soft” and "hard”) when comring the
original design to the VA Team’s alternative design
at the the percentile probability of attainment. A
similar comrison can made of the project schedule.
The identification, discussion, and mitigation of risk
issues are valuable additions to the presentation to
senior management in making policy decisions on
critical issues, which are also discussed in a clear
rational way in the risk assessment. The risk analysis
clearly and objectively quantifies the recommended
total project cost along with an appropriate Project
Contingency.

STEP 7: During the Implementation Phase
perform a second risk analysis of the final
reconciled proposal.

The VM Program value analysis does not end
with the delivery of the workshop report. Rather,
there is Reconciliation Meeting in which the
disposition of all recommendations are brought to
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closure. Resource Team representatives, including
financial, technical, and operations staff are
assembled together with the VA Team of experts to
“"accept”, "accept with modifications”, or "reject”
every value analysis recommendation, risk mitigation
proposal and design suggestion. The ideas and
concepts not rejected become rt of the final resolved
project proposal for Value Board review and for
Board of Commissioner’s authorization. If the final,
"resolved" design, consisting of only accepted and
modified proposals, differs substantially form the VA
Workshop alternate design proposal, there may be a
need to perform another Construction Risk Analysis
to determine the Project Contingency for the the
percentile level of confidence in the accepted
"reconciled” design.

OBSERVATIONS

In the two and a half year history of the
integrated VM Program, there has evolved a pattern
of benefits and enhancements to the program, many
not necessarily anticited at outset. A discussion of
some of the many advantages of risk and value
management integration is as follows:

1. The risk analysis results in the VA Team "value
engineering" the risks.

The traditional VE workshop usually identifies
the cost of a project in terms of the calculation of the
deterministic cost of the line items of the elements
analyzed. Most of these costs are the "above the line"
construction or production costs. Very often there is
no consideration, or for that matter, a method of
"calculating” the cost of risk. However, in the
integrated process, alternatives are analyzed in terms
of "worst case/best case"” scenarios, which then, in
turn, affect the project contingency. The project
contingency calculated using risk analysis techniques
can thus define, in a quantitative way, substantial cost
avoidance and potential project cost savings. In some
cases the first costs of the VA Team’s
recommendations could be higher than the original
proposal, but the potential savings are achieved in
mitigating risks and in substantial cost avoidance in
other "soft cost" areas.

2. The integrated Value Management/Risk
Management Program enables definitive value
analysis of subjective, difficult-to-quantify
elements.

One of the most striking "spin-off” benefits of
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range estimating/risk analysis efforts in the integrated
VM/RM process is the ability to quantify qualitative
elements, such as the "quality" of design, the level
of detail in contract documents, bid-ability, contract
"loopholes”, constructability, contractor response,
and other "soft” areas of analysis. The process not
only provides a mechanism and form for assessing
and analyzing these issues in a VA workshop
environment, but also provides a mechanism to
measure and calculate savings related to supposedly
"unmeasurable” elements.

3. The risk analysis provides an excellent
mechanism for establishing an "apples-to-apples"
comparison of the original design and the value
analysis alternative.

In the VA community, a persistent dilemma is
the determination of an equitable method of
measuring the cost of the original, or base design
being subjected to evaluation with the VA Team’s
proposed design, and, thus, an equitable means to
measure potential savings. Among many client
organizations or government agencies, VA savings
are often an important performance measure of the
success or failure of a VM program. Consequently
there has developed a tendency, or at least a
perception, that the players (i.e. the designers, VA
practitioners, client owners, agency managers) have
an ulterior motive to "cook the numbers" to either
exaggerate or reduce the savings derived from the
VA process. One could say that the process, and
even the VA profession, has suffered by what
detractors have said is an obsession with the
measurement of savings and not the true product of
the VA process, the improvement of value. The risk
analysis process, using range estimating and
probability analysis, has diffused this problem and
allows the concerns for saving to take a back seat to
obtaining the best value. The program requires that
the input to the VA Workshop analysis be in the form
of one selected alternative design, complete with a
deterministic estimate of all project costs (i. e."above
the line" and "below the line" costs) and a workshop
output cost analysis of a similarly developed VA
Alternative (Note: the workshop output may also be
a validation of the original design or a relatively
minor modification of the original design). Neither
input nor output of the process includes multiple
alternatives or a "laundry list" of uncoordinated,
incompatible, and mutually exclusive ideas. The input
and output are two "apples to apples” alternatives
measured on a "level playing field."
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But how do we equitably "level" the playing field?

The answer is the risk analysis process. As
described earlier the first steps involve an analysis of
the original design’s deterministic estimate. Rather
than get "bogged down" with a protracted and
controversial line-by-line discussion or questioning of
the original estimator’s unit prices, the VA Team
armed with a sensitivity to risk issues during the risk
assessment effort incorporated in the Information
Phase of the VA Job Plan, determines the "worst
case-best case" range estimates of all appropriate
estimate line items. The possibility that the base
deterministic estimate is very optimistic, very
pessimistic, or "on target" is considered by the VA
Team. The ranges developed by the individual team
members, who are experts in the cost areas under
discussion, and in consultation with the designer, cost
estimator and other team members, can provide an
equitable optimistic/pessimistic analysis that is fair,
equitable, free of "ulterior motives” and based on
sound professional judgment.

The analysis of the original estimate in this way
has, incidentally, provided an added benefit of
identifying major errors and omissions on the part of
the original designer or project manager in preparing
the baseline project cost. Although there’s no attempt
to "redo" the estimate prepared by the designer and
presented by the project manager to the VA
Workshop Team, in fairness to the process and in
the sprint of creating an “apples-to-apples”
comparison, the original estimate is adjusted in two
ways: 1) major, usually inadvertent omissions are
added in consultation and concurrence with the
designer, if necessary, and 2) the risk adjustment,
either up or down, is included. (The risk adjustment
sometimes reduces the project cost, indicating that the
original project cost may have included excessive
contingency or inflated unit prices.) The appropriate
contingency of the VA Team’s recommended design
does not involve an adjustment to a deterministic
contingency (i.e. usually based on a finite percentage
of costs), but rather to a directly determined risk
analysis range estimating process such that both
designs (the original and VA Team’s) are presented
on an "apples-to-apples” basis.

4. The risk analysis processes is a cost effective
and efficient method of analyzing costs, making
maximum use of workshop team expertise, and
reducing VA consultant costs.

The preparation of estimates and the related
calculation of savings are frequently problematic
issues that often emerge during the VA Workshop.
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Under the pressure of the free wheeling, fast pace of
their Creative and Development Phases the validity
and accuracy of the estimate is frequently questioned.
In the quest for fair and equitable "apples-to-apples”
evaluation of alternative ideas, the process often ends
up comparing one entity’s estimate with another.
The fault lies in the deterministic estimating in which
it is virtually impossible to get two estimators to
arrive at the same cost for even the most clearly
defined scope. In some governmental agencies the
quest for one definitive, agreed upon base cost can
often be a protracted and costly pre-workshop process
leading to questionable results. For instance, the VA
program manager will retain the services of an
"independent” cost estimator many weeks before VA
Workshop convenes to determine the appropriate cost
of the original design to be evaluated. This results in
the workshop facilitator being given two deterministic
estimates: 1) that of the original designer and 2) that
of the independent consultant estimator. It is now up
to the VA facilitator to "negotiate” the two differing
estimates to obtain mutual agreement or consensus on
a third estimate. This is known as the "reconciled”
costs, which are used as the basis of evaluation for
the workshop. This entire process is costly and
cumbersome, and the end product is a third
deterministic estimate of questionable value. Neither
of the three estimate may explicitly include
consideration of cost and schedule risk issues.
Neither provides the kind of flexibility required in the
fast pace of the workshop environment. Using range
estimating and probabilistic analysis substantially
mitigates these problems.

CONCLUSION

This paper has described the integration of value
and risk management using respectively the basic
building blocks of each process: the VE Job Plan and
probabilistic analysis. The process continues to
improve with each workshop and is presented here as
a generic prototype for adaptation to project unique
applications. Just as the VM Process is only as good
as the successful follow-up to ensure implementation
of ideas for improving value so, too, the Risk
Management portion of the integrated program is
only as good as the implementation of the risk
mitigations recommended by the VA Workshop Team
and accepted by the owner. The workshop itself is
only a part of the Value/Risk Management Process.
If one were to prepar a Functional Analysis System
Technique diagram (including some “flow chart”
elements) of the parallel, integrated program, it might
appear as in the appendix.






