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1. 0 INTRODUCTION 
The academic Expert Technical Committee (ETC) performed an independent review of 
the methods used to prepare the current Autoridad del Canal de Panamá (ACP) 
construction cost estimates and schedules for the Panama Canal 3rd Lane Locks Master 
Plan.  Specifically, the ETC reviewed the methodology and assumptions that were used 
to develop the estimates and schedules.  The ETC examined estimate and schedule 
supporting documentation prepared for the Atlantic and Pacific locks, the Pacific Access 
Channel, and the Navigation Channel by the Cost Estimation Team (ET).   
Autoridad del Canal de Panamá specifically requested that the ETC evaluate: 

1. The cost estimating methodology. 
2. The scheduling methodology. 
3. The basic premises and assumptions behind the estimate and schedule. 
4. The overall cost estimating and scheduling process in terms of approach. 

1.1 ETC Members 
The members of the Expert Technical Committee are: 
 Dr. Stuart D. Anderson, P.E.  (Professor, Department of Civil Engineering, Texas 

A&M University, College Station, Texas and currently Chairman of the 
Transportation Research Board, Construction Management Committee; formally a 
Principal Engineer, Fluor Corporation, Irvine, California) 

 Dr. David B. Ashley (Executive Vice Chancellor and Provost, Shaffer-George Chair 
in Engineering, University of California, Merced; formerly Dean, College of 
Engineering, Ohio State University) 

 Dr. Keith R. Molenaar (Assistant Professor, Construction Engineering and 
Management Program, Department of Civil, Environmental, and Architectural 
Engineering, University of Colorado at Boulder; past Chairman of American Society 
of Civil Engineer’s Construction Research Council) 

 Dr. Debbie A. Niemeier, P.E. (Professor, Department of Civil & Environmental 
Engineering, University of California, Davis; formally Department Chair; previously 
with the Texas Department of Highways, Austin, Texas) 

 Dr. Clifford J. Schexnayder, P.E. (Eminent Scholar Emeritus, Del E. Webb School of 
Construction, Arizona State University; retired COL US Army Corps of Engineers 
and past Chairman of the Transportation Research Board, Construction Section) 

1.2 Importance of Estimate Quality  
The importance of project cost estimate and schedule quality cannot be 
overemphasized as demonstrated by cost overruns on major projects around the world.  
One comprehensive study of 258 projects in 20 countries found that nearly all of the 
projects suffered cost overruns1 and an earlier study of 52 mega projects2 reported 
                                                 
1  Flyvbjerg, Bent; Holm, Matte Skamris; Buhl, Soren (2002). Underestimating costs in public works projects: Error 

or lie? Journal of the American Planning Association, 68(3),  American Planning Association, Chicago, IL., 279-
295. 



                        Expert Technical Committee 

 4

similar findings.  When water and public works projects are considered as a subset of 
these studies the average cost growth was greater than 30%.  The management of 
large and complex capital construction projects requires the coordination of a multitude 
of human, organizational, and technical resources.  At the same time, the engineering 
and construction complexities of such projects are often overshadowed by economic, 
societal, and political challenges.   
In general, estimates early in project development contain uncertainty due to 
unforeseen engineering complexities and constructability issues−scope changes and 
scope creep; and changes in economic and market conditions, changes in regulatory 
requirements, governmental and stakeholder pressures, and a transformation of public 
expectations−unforeseen events.  ACP and the stakeholders in this project must realize 
that the cost estimate is dynamic and must be continuously updated during the master 
plan development process.  Proper project management and communication of the 
estimate and associated uncertainty throughout the master plan development process is 
absolutely imperative for overall project success. 

1.3 Bottom Up Cost Estimating Approach at Conceptual Design 
The ACP cost estimation team used a “bottom up” approach in estimating the project 
cost.  This technique is most commonly employed by contractors when preparing bid 
estimates.  Although the designs for the locks are not yet complete, The ETC believes, 
in this instance, the use of a bottom up approach is appropriate given the lack of 
reference cost data for developing a conceptual estimate using parametric or other 
conceptual estimating techniques.  When properly used and applied to solidly 
engineered design, this method produces a large data set of detailed item-cost 
information.  The challenge is to ensure that the detail does not obscure the unknowns 
imbedded in early project design by preventing a clear vision of the top-down risks. 
This type of estimating requires the development of crews for each estimated work item, 
and the calculation and assessment of crew production rates, material costing, and data 
on the Ownership and Operating (O&O) cost of construction equipment.  Costs for labor 
burdens and benefits, as applicable, are usually included in the hourly labor rates and 
contractor markup is added to the total estimated direct cost.  In order to calculate the 
total cost of each item, material quantities and placement locations must be identified or 
assumed if not available from the incomplete drawings.  This bottom-up approach 
provides a wealth of detailed information upon which to base engineering decisions and 
for calculating explicitly the cost of item changes as the design progresses.  So, 
although there is great precision in the costing of items, it is important to note that 
precision in item details does not necessarily lead to accuracy in the estimate. 

Precision − The quality of being exact.  Mathematics: The number of significant 
digits. 
Accurate − Capable of providing a correct measurement. 

                                                                                                                                                             
2  Merrow, Edward W.; McDonnell, Lorraine M.; Yilmaz Arguden, R. (1988). Understanding the outcomes of 

mega-projects: A quantitative analysis of very large civilian projects. Rand. 
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The American Heritage Dictionary of the English Language, 3rd. ed. (1992). Houghton Mifflin 
Company.  

 
Figures 1 and 2, which are the result of past research, depict the uncertainty that 
accompanies project estimates in early design phases and illustrate how a 
deterministic, bottom-up estimate can cause a false sense of accuracy early in the 
project development process.  To prevent this false sense of accuracy, cost estimating 
methods and tools must be understood in terms of the design definition (detail) available 
during the various phases of project development.  Overall project risk is not embedded 
in the detailed line items but must be analyzed and priced as project contingency. 
More generally, at any stage in the development of a significant infrastructure project, 
cost estimates will be composed of three components for which there are differing 
amounts of information: “Known/Knowns,” (known and quantifiable costs), 
“Known/Unknowns,” (known but not quantified costs), and “Unknown/Unknowns” (as yet 
unrecognized costs), these are illustrated in Figure 1.  Note that in Fig. 1 the 
contingency cost component extends into the known/knows cost percentage.  All too 
often when using a bottom up estimating method, if the cost of an item is not known, it 
does not get included in early project cost estimates.  There is also opportunity for other 
items, e.g. environmental or construction inspection costs, to be entirely left out of early 
estimates.  The costs associated with the three components require different methods 
and tools to define and quantify their possible contribution to the estimate at any 
particular time in the project development process. 
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FIGURE 1. COMPONENTS OF A COST ESTIMATE 
 
Figure 2 illustrates how identifying, quantifying, and managing cost and schedule 
uncertainty relates to management of final project cost.  Two crucial points are 
illustrated in Figure 2, which applies to situations where the scope is unchanged and 
where an estimate, at some early stage in the design process, has included uncertainty.  
The first point is that the range of cost or schedule uncertainty should decrease as a 
project proceeds from concept to final design.  Estimate accuracy improves as design 
develops, cost variables are better defined, and uncertainty is eliminated.  The second 
point is that if the uncertainties included in the estimate, as a contingency amount, in the 
early stages of project design materialize, then the estimated total will still be as 
expected.  However, as risk management and other cost control processes are applied 
to the identified uncertainties (risk), it is often possible to mitigate risks (contingency 
costs) and deliver the project at a lower cost.   

 
FIGURE 2.  REFINEMENT OF A COST ESTIMATE 

 
Figures 1 and 2 illustrate the false accuracy that can appear when using a deterministic, 
bottom up approach to cost estimating at the early stages of project design.  The 
method is effective for contractors bidding competed designs, but the bottom up 
approach can miss the uncertainty that is inherent in every project and correspondingly 
in a project estimate developed with only limited project design definition.  To mitigate 
this, a thorough and detailed risk assessment and risk pricing exercise should be 
completed to complement the engineering cost analysis, and the combined 
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results−bottom up estimate and contingency−should be considered the baseline cost of 
the project. 
The Association for the Advancement of Cost Engineering International (AACEI) has 
developed a Cost Estimate Classification System, which defines five estimate 
classifications.  This system provides an expected range of accuracy for each project 
development phase, Table 13.  A Class 5 estimate is one prepared at the earliest stage 
of project definition, and a Class 1 estimate is one prepared closest to complete project 
definition and final design.  The current estimate for the locks should be classified as 
Class 3 while the Pacific Access Channel estimate and definitely the Navigation 
Channel estimate would be classified as Class 2.  Table 1 also describes the 
methodological approach to the estimate as either stochastic or deterministic, 
depending upon the level of design and information available.  AACEI recommends that 
Class 3 estimates be developed primarily as stochastic estimates; however, as 
previously noted, the ET has relied almost exclusively on a deterministic approach in 
developing these estimates. 

TABLE 1. AACEI GENERIC COST ESTIMATE CLASSIFICATION MATRIX 

 Primary 
Characteristic 

Secondary Characteristic 

Estimate 
Class 

Level of 
Project 

Definition 
Expressed as % 

of complete 
definition 

End Usage 
Typical purpose of 

estimate 

Methodology 
Typical estimating 

method 

Expected Accuracy 
Range 

Typical +/− range 

Class 5 0% to 2% Screening or 
Feasibility 

Stochastic or 
Judgment 

+40/−20 to 
+200/−100 

Class 4 1% to 15% Concept Study or 
Feasibility 

Primarily Stochastic +30/−15 to +120/−60 

Class 3 10% to 40% Budget, 
Authorization, or 

Control 

Mixed, but Primarily 
Stochastic 

+20/−10 to +60/−30 

Class 2 30% to 70% Control or Bid/ 
Tender 

Primarily 
Deterministic 

+10/-5 to +30/-15 

Class 1 50% to 100% Check Estimate 
or Bid/Tender 

Deterministic +10/-5 

 

                                                 
3 Association for the Advancement of Cost Engineering International (1997). AACE International Recommended 

Practice No. 17R-97: Cost Estimate Classification System, AACEI, Morgantown, West Virginia, 2-6. 



                        Expert Technical Committee 

 8

The ETC would normally have expected to review a parametric-type estimate with costs 
developed based on major project scope parameters such as type and size of lock.  The 
parametric approach is common practice in the early stages of project development 
because, in most cases, projects have many components that simply cannot be defined 
in detail during the earliest phases of design.  In the case of the Panama Canal 3rd Lane 
Locks master plan, however, the number of components that describe this project is 
relatively small.  Thus, these components can be described by schematic drawings to 
such an extent that they can be quantified in gross terms and estimated using the 
bottom up approach.  Because there are fewer component parts in the 3rd Lane Locks 
Project, there is reasonable assurance that most of the components comprising the 
estimate can be defined sufficiently to support a bottom up estimating approach and 
therefore it is an acceptable methodology.   

However, using this type of methodology, at this stage in design development, 
requires particular attention to risk assessment and risk pricing, as the exclusion of 
a solid risk analysis can lead to a false sense of accuracy in the overall estimate 
because of the precision in costing specific work items. 

1.4 Creating a Baseline Estimate 
Cost estimating is a continuous and repetitive process during a project’s design 
development.  Cost estimates must be done to support the various alternative solutions 
that are being explored at the earliest stages of design.  The total project cost estimate 
should only be communicated as a range when the preferred alternative is not known.  
When the preferred design does become known or when project-funding limits are set, 
a “baseline” cost estimate must be established.  That baseline can best be defined as 
the estimate that is used to manage change and make design decisions that affect 
project cost.  It is the sum of known and quantifiable costs (known/knowns) plus an 
estimated value for the known but as yet unquantifiable costs (known/unknowns−often 
called the risk premium) and a contingency for as yet unrecognized costs 
(unknown/unknowns).  The baseline estimate sets the basis for funding and for 
measuring project performance.  It is important to note that the baseline refers to a 
project of a certain scope and dimension; any future design or scope changes that alter 
the actual capacity of the project by definition change the project and require a new 
baseline, and not just an adjustment to the existing cost and schedule estimates. 
As of the date when the ETC review was accomplished, the baseline cost for the project 
had not been established.  The preferred design alternative has yet to be completely 
fixed and the team was not managing to a baseline project cost.  Additionally, the risk 
component had not yet been integrated with the capital construction costs to sum to the 
baseline.  Nevertheless, the ET has completed a thorough estimate with the design 
information available, and has included in its estimate an allowance for design changes 
that is appropriate at this stage.  However, to finalize the baseline estimate and 
schedule, the risk evaluations for the Locks, Pacific Access Channel, and the 
Navigation Channel work must be completed.  Until such time as that is completed, the 
ETC recommends that project cost estimates should only be communicated as a range.  
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Once the baseline is set, the project team must begin a process of active cost 
management.  Cost estimating management is a critical activity during design.  Periodic 
estimate updates must be constantly compared to the project baseline.  Further, 
changes in scope, design development changes, and changes related to project site or 
market conditions must be evaluated from a cost and time impact to effectively manage 
overall project cost.  Cost estimating management aids project decision makers when 
changes in scope or other issues require increased project funding. 

1.5 The Scope of the 3rd Lane Locks Master Plan 
In order to properly define a baseline estimate, the project scope must also be 
definitively defined.  Future changes that do not affect the capacity of the project can be 
dealt with by comparison to the baseline cost and schedules; a major change of scope 
that alters capacity will require creation of a new baseline to track against.  The current 
project definition includes: 
 Two sets of three step locks with three water saving basins per step.  The locks will 

have 8 steel rolling gates per lock complex.  The locks have a lateral filling and 
emptying system.   

− One three-step lock in the Pacific: total excavation required for the locks, 14.2 
million cubic meters 

− One three-step lock in the Atlantic: total excavation required for the locks, 18.1 
million cubic meters and 6 million cubic meters for the access channel 

− Locks sizes: 427 m long, by 55 meters wide by 15.2 meters in depth 
 New access channel in the Pacific (PMD) 218 meters wide, approx. 6.5 km long, and 

with a bottom level of 9.14 PLD.  Total excavation required for the new Pacific 
Access channel: 63 million cubic meters including dredging (dry excavation 40.2 
million cubic meters). 

 The construction of two reversible flow rock-fill dams, one 1,860 meters long and 
one 1,020 meters long. 

 Improvements to the existing navigational channel:  The Pacific and Atlantic Ocean 
entrances will be deepened to allow for a 45 feet salt water draft.  The total amount 
of excavation and dredging for the deepening of the entrances and the widening of 
the existing channel is 32 million cubic meters. 

− Widening the Pacific channel to 225 meters from the entrance to the Bridge of 
the Americas and to 218 meters from the Bridge of the Americas to the New Post 
Panamax Lock   

− Widening of the Navigational channel in Gatún Lake to 280 meters in the straight 
segments and to 366 in the curves   

− Deepening of the existing navigational channel in Gaillard Cut and Gatún Lake to 
30 ft PLD  
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established.  Until that point, the project team should only communicate the estimate 
total as a cost range. 

Risk and Uncertainty: Costs should be attached to uncertainties.  Contingency 
should be defined and quantified as specific risk elements that can be used to 
create a risk management plan.  
ACP must deal with project risks before determining a project contingency amount 
and only after the contingency amount is set should a cost baseline value be 
established.  

Setting a baseline is imperative to an effective project cost and schedule control system.  
Currently, cost and schedule management are accomplished though an “informal” 
process.  With the Locks portion of the project, the ET performs a new estimate every 
time there is a new design package.  Estimates are also done in conjunction with value 
engineering workshops to support design.  However, the ETC did not find a formal cost 
and schedule tracking system in place or the use of a formalized change management 
process.  ETC came to this conclusion by questioning how the original ACP and Harza 
estimates of 2004 differed and in trying to determine how the cost changed during the 
“harmonization” of the design in 2005.  Without a cost baseline, such comparisons are 
difficult to formulate.  Likewise, the first cost estimates on the Navigation Channel were 
done in 2001, but they have not been used as a baseline to track cost and schedule 
changes.  ETC strongly recommends that ACP implement a state-of-the-art program 
controls system at this stage of project development so that the soon-to-be-determined 
baseline can be tracked as the project progresses. 
4.0 CONCLUSIONS 
Autoridad del Canal de Panamá specifically requested that the ETC evaluate the 
methodology used to create the estimate and schedule for the Panama Canal 3rd Lane 
Locks Master Plan, the basic premises and assumptions behind the estimate and 
schedule and the overall cost estimating and scheduling process in terms of approach.  
The reviewers’ overall conclusion is that the reviewed cost estimate is a well-
constructed and a well-documented engineering cost estimate, but that it needs to be 
integrated with the results of the ongoing risk assessment to create a true master plan 
baseline estimate against which future changes can be measured.  The sections below 
discuss each part of the estimate separately. 

4.1 The cost estimating methodology: 
The ETC found that the current project estimating methodology is to the highest 
standards and in many instances superior to the estimating practices found on large 
public infrastructure projects at this stage of design.  The estimators have demonstrated 
an ability to identify, analyze, and incorporate into the estimate the effect of the many 
construction challenges associated with this master plan.  It is necessary to develop an 
estimate contingency amount, through a rigorous risk analysis, and include it in the 
estimate before the project’s baseline cost is set.  



                        Expert Technical Committee 

 34

4.2 The scheduling methodology: 
The ETC found that the current project scheduling methodologies are very strong and 
could be judged superior to the practices found on many large public infrastructure 
projects at this stage of design.  The estimator/schedulers have effectively analyzed the 
relevant information and displayed a high level of technical competence.  It is necessary 
to develop a schedule contingency, through a rigorous risk analysis, and include it in the 
schedule before the project’s baseline schedule is set. 

4.3 The basic premises and assumptions behind the estimate and schedule 
The ETC found that the basic premises and assumption supporting the estimate are 
well documented and provide solid foundation for creating the estimate and schedule.  
The ET team has called upon the advice of outside experts, made objective evaluations, 
and weighed alternative decisions before establishing the important estimate and 
schedule parameters.  However, a rigorous risk analysis is still required to set the 
baseline estimate and schedule and ensure that the bottom up approach used did not 
mask any top down risks. 

4.4 The overall cost estimating and scheduling process in terms of approach 
The estimate approach is rigorous and demonstrates strong analytical reasoning on the 
part of the ET.  The direct linkage between the activity productivities in the estimate and 
the schedule durations contributes to the ETC’s confidence in the schedule. 

4.5 Strengths of the Estimate and Schedule  
It is evident to the ETC that the individuals performing the estimates are extremely 
competent professionals who, as required, are formulating sound engineering 
assumptions to complete a cost estimate and schedule when there is still much scope 
definition and design to be accomplished.  These individuals are employing historical 
cost data and following prudent processes.  The estimates, and the schedules built from 
the estimates, have a very high level of detail for this stage of project development; the 
known/knowns have been precisely costed.  The ETC would caution that the precision 
in the costing of individual items can create a false sense of accuracy when not 
considered alongside the costs of the known/unknowns. 
The estimates and schedules precisely follow “what is known about the project at this 
point in time,” but there is little or no contingency in the current estimate or float in the 
schedule for the uncertainties that are involved in a project of this magnitude, 
complexity, and importance.  Before a baseline cost (estimate) is set, the ETC strongly 
endorses the completion of a risk assessment tied to the estimate contingency.  At that 
point, the project team can formulate a risk management plan to mitigate project risks 
and successfully deliver the project within the baseline cost and schedule. 
The ETC is highly impressed with the professionalism and competence of the 
individuals working on this project.  Specifically: 
 Estimate and schedule basis is extremely detailed 
 Schedules are linked directly to their respective estimates and use estimate data as 

the basis for developing activities and activity durations 
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 Estimating personal are extremely competent professionals who are intimately 
familiar with the project and construction processes  

 Historical data is robust and applied in a prudent manner 
 Costs are estimated in year-of-construction dollars 
 Overhead costs are accounted for using a rigorous process 
 There is some contingency planning in very specific areas (i.e. the possible loss of 

dredging equipment) 
 Value engineering studies have been initiated early 
 Peer reviews of the estimate have been conducted 

4.6 Future Considerations 
Early in project development a bottom up estimate can cause a false sense of accuracy.  
Cost estimating methods and tools must relate and adapt to the various phases of 
project development.  In general, estimates early in project development contain 
uncertainty due to unforeseen engineering complexities and constructability issues, 
changes in economic and market conditions, changes in regulatory requirements, 
governmental and stakeholder pressures, and a transformation of public expectations.  
ACP and the stakeholders in this project must realize that the project cost estimate is 
dynamic and must be continuously updated during the project development process.   
The basic conclusion derived from reviewing the Atlantic and Pacific Locks, and Pacific 
Access Channel parts of the estimate is that only design contingency has been included 
in the estimates.  Additional, contingency amounts based on a formal risk assessment 
analysis have not generally been included.  Where contingencies have been included, 
they are to address quite specific causal factors such as potential quantity variation.  At 
this level of design, the ETC would recommend that a project of this magnitude and 
importance have a comprehensive assessment of the potential risks and that the 
resulting risk appraisal: 
 Serve as the basis of the contingency amount included in the estimate and 
 Shape the schedules on which the costs are based. 

4.7 Toward a Baseline Estimate 
A baseline estimate can best be defined as the estimate that is used to manage change 
and make design decisions that affect project cost.  It is the sum of known and 
quantifiable costs (known/knowns) plus an estimated value for the known but as yet 
unquantifiable costs (known/unknowns−often called the risk premium) and a 
contingency for as yet unrecognized costs (unknown/unknowns).  The baseline estimate 
sets the basis for funding and for measuring project performance.  It is important to note 
that the baseline refers to a project of a certain scope and dimension; any future design 
or scope changes that alter the actual capacity of the project by definition change the 
project and require a new baseline, and not just an adjustment to the existing cost and 
schedule estimates. 
The specific steps in creating this baseline estimate are: 
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 Explicitly define the master plan scope on which the baseline is established.  This 
should be both in terms of physical project components and the operating 
characteristics/performance (e.g., capacity). 

 Review the cost estimate and remove (strip out) hidden or implicit contingency 
amounts to yield a true base cost.  Note that the ETC found only a small number of 
these items that would require removal in the current estimate. 

 Review the owner indirect costs included in the estimate for possible missing 
components.  The amounts currently used are lower than the ETC found for two 
comparable-scale projects.  This may be because certain ACP support activities are 
not being fully charged against the master plan. 

 Review the schedule and likewise remove any activities or durations representing 
contingencies.   Note that the ETC did not find any such items in its review. 

 Perform a comprehensive risk analysis as described in Section 3.4.4.  The analysis 
should identify the most important risks for both construction and the overall project 
implementation.  It should include macroeconomic, political, and major resource 
factors as part of this process.  Each of the major identified risks should be analyzed 
for contributions to cost and/or schedule of the capital construction of the project.   

 A global contingency amount should be developed from the risk analysis.  This 
master plan contingency should be based on a statistically derived confidence level 
on the risk analysis predicted values for project cost and duration.  The ETC has 
most often seen 80% as the selected confidence level, and would recommend that 
ACP use this for establishing the baseline. 

 Implement a state-of-the-art program control system with the baseline cost estimate, 
schedule, and contingencies as the bases for project control and tracking. 
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