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EXECUTIVE SUMMARY
Provide a brief synopsis of the main report; keep pages of the executive summary to a minimum covering:

· Report purpose.
· Background.
· Project scope.
· Risk analysis methodology.
· Project development team (PDT) processes utilized (exclude names)
· Key project and risk assumptions.
· Contingency results to the feature level.
· Major findings/observations.
· Mitigation recommendations.
1. PURPOSE

Present report purpose, acknowledging project name, location, and design phase.  The purpose for a cost and schedule risk analysis (CSRA) would briefly present discussion of the studied elements related to cost and schedule with an outcome contingency calculation at the recommended confidence level for both cost and schedule that are measured in terms of dollars and months, respectively.  The most common and recommended contingency has been established at 80 percent confidence.
2. BACKGROUND

Present project background, including any related congressional appropriations, design development phase, and brief history.

3. REPORT SCOPE

The scope of the risk analysis report is to calculate and present the cost and schedule contingencies at the 80 percent confidence level using the risk analysis processes as mandated by U.S. Army Corps of Engineers (USACE) Engineer Regulation (ER) 1110-2-1150, Engineering and Design for Civil Works, ER 1110-2-1302, Civil Works Cost Engineering, and Engineer Technical Letter 1110-2-573, Construction Cost Estimating Guide for Civil Works.  The report presents the contingency results for both cost and schedule risks for all project features.  The study and presentation can include or exclude consideration for operation and maintenance or life cycle costs, depending upon the program or decision document intended for funding.
3.1 Project Scope

Provide any congressional mandates and appropriations.  
The report includes the project technical scope, estimates, and schedules as developed and presented by (list the name of the product developer by district or design firm).  Consequently, these documents serve as the basis for the risk analysis.  In general terms, the construction scope consists of the following:

· List major project features studied from the civil works work breakdown structure (CWWBS).
· Indicate the approximate design phase.  Many times, various design features are at varying design stages, which impact the contingency results.  If there is a design quality or scope variance between various critical features, which should be made known.
3.2 USACE Risk Analysis Process
The risk analysis process follows the USACE Headquarters requirements as well as the guidance provided by the Cost Engineering Directory of Expertise for Civil Works (Cost Engineering DX).  The risk analysis process reflected within the risk analysis report uses probabilistic cost and schedule risk analysis methods within the framework of the Crystal Ball software.  The risk analysis results are intended to serve several functions, one being the establishment of reasonable contingencies reflective of an 80 percent confidence level to successfully accomplish the project work within that established contingency amount.  Furthermore, the scope of the report includes the identification and communication of important steps, logic, key assumptions, limitations, and decisions to help ensure that risk analysis results can be appropriately interpreted.

Risk analysis results are also intended to provide project leadership with contingency information for scheduling, budgeting, and project control purposes, as well as provide tools to support decision making and risk management as the project progresses through planning and implementation.  To fully recognize its benefits, cost and schedule risk analyses should be considered as an ongoing process conducted concurrent to, and iteratively with, other important project processes such as scope and execution plan development, resource planning, procurement planning, cost estimating, budgeting, and scheduling.
In addition to broadly defined risk analysis standards and recommended practices, the risk analysis is performed to meet the requirements and recommendations of the following documents and sources:

· ER 1110-2-1150, Engineering and Design for Civil Works Projects.

· ER 1110-2-1302, Civil Works Cost Engineering.

· ETL 1110-2-573, Construction Cost Estimating Guide for Civil Works.

· Cost and Schedule Risk Analysis Process guidance prepared by the USACE Cost Engineering DX.
· Memorandum from Major General Don T. Riley (U.S. Army Director of Civil Works), dated July 3, 2007.
· Engineering and Construction Bulletin issued by James C. Dalton, P.E. (Chief, Engineering and Construction, Directorate of Civil Works), dated September 10, 2007.
4. METHODOLOGY/PROCESS

Present team makeup, including PDT members and technical positions, as well as the team makeup performing the risk analysis (both USACE and contracted members, not by name, but by position).  Present timeframe of the study.
Indicate whether the cost and schedule products under analyses have successfully passed an Agency Technical Review (ATR) (if not, the risk analysis outcome is based upon an unapproved product and likely to change after an ATR is completed). 

The risk analysis process for this study is intended to determine the probability of various cost outcomes and quantify the required contingency needed in the cost estimate to achieve any desired level of cost confidence.  A parallel process is also used to determine the probability of various project schedule duration outcomes and quantify the required schedule contingency (float) needed in the schedule to achieve any desired level of schedule confidence. 
In simple terms, contingency is an amount added to an estimate (cost or schedule) to allow for items, conditions, or events for which the occurrence or impact is uncertain and that experience suggests will likely result in additional costs being incurred or additional time being required.  The amount of contingency included in project control plans depends, at least in part, on the project leadership’s willingness to accept risk of project overruns.  The less risk that project leadership is willing to accept the more contingency should be applied in the project control plans.  The risk of overrun is expressed, in a probabilistic context, using confidence levels.

The Cost Engineering DX guidance for cost and schedule risk analysis generally focuses on the 80-percent level of confidence (P80) for cost contingency calculation.  It should be noted that use of P80 as a decision criteria is a risk adverse approach (whereas the use of P50 would be a risk neutral approach, and use of levels less than 50 percent would be risk seeking).  Thus, a P80 confidence level results in greater contingency as compared to a P50 confidence level.
The risk analysis process uses Monte Carlo techniques to determine probabilities and contingency.  The Monte Carlo techniques are facilitated computationally by a commercially available risk analysis software package (Crystal Ball) that is an add-in to Microsoft Excel.  Cost estimates are packaged into an Excel format and used directly for cost risk analysis purposes.  Because Crystal Ball is an Excel add-in, the schedules for each option are recreated in an Excel format from their native format.  The level of detail recreated in the Excel-format schedule is sufficient for risk analysis purposes that reflect the established risk register, but generally less than that of the native format.  

The primary steps, in functional terms, of the risk analysis process are described in the following subsections.  Risk analysis results would be provided in section 6.
4.1 Identify and Assess Risk Factors
Identifying the risk factors via the PDT are considered a qualitative process that results in establishing a risk register that serves as the document for the further study using the Crystal Ball risk software.  Risk factors are events and conditions that may influence or drive uncertainty in project performance.  They may be inherent characteristics or conditions of the project or external influences, events, or conditions such as weather or economic conditions.  Risk factors may have either favorable or unfavorable impacts on project cost and schedule.

Checklists or historical databases of common risk factors are sometimes used to facilitate risk factor identification.  However, key risk factors are often unique to a project and not readily derivable from historical information.  Therefore, input from the entire PDT is obtained using creative processes such as brainstorming or other facilitated risk assessment meetings.  In practice, a combination of professional judgment from the PDT and empirical data from similar projects is desirable and is considered.
Formal PDT meetings are held (include the name of the location in the report) for the purposes of identifying and assessing risk factors.  The meetings (include the date) should include capable and qualified representatives from multiple project team disciplines and functions, for example:
· Project/program managers.
· Contracting/acquisition.
· Real Estate.

· Relocations.
· Environmental.
· Civil, structural, geotechnical, and hydraulic design.
· Cost and schedule engineers.
· Construction.
· Key sponsors
The initial formal meetings should focus primarily on risk factor identification using brainstorming techniques, but also include some facilitated discussions based on risk factors common to projects of similar scope and geographic location.  Subsequent meetings should focus primarily on risk factor assessment and quantification.  

Additionally, numerous conference calls and informal meetings are conducted throughout the risk analysis process on an as-needed basis to further facilitate risk factor identification, market analysis, and risk assessment.  
4.2 Quantify Risk Factor Impacts
The quantitative impacts of risk factors on project plans are analyzed using a combination of professional judgment, empirical data, and analytical techniques.  Risk factor impacts are quantified using probability distributions (density functions), because risk factors are entered into the Crystal Ball software in the form of probability density functions. 

Similar to the identification and assessment process, risk factor quantification involves multiple project team disciplines and functions.  However, the quantification process relies more extensively on collaboration between cost engineering, designers, and risk analysis team members with lesser inputs from other functions and disciplines.  
The following is an example of the PDT quantifying risk factor impacts by using an iterative, consensus-building approach to estimate the elements of each risk factor:
· Maximum possible value for the risk factor.
· Minimum possible value for the risk factor.
· Most likely value (the statistical mode), if applicable.
· Nature of the probability density function used to approximate risk factor uncertainty.
· Mathematical correlations between risk factors.
· Affected cost estimate and schedule elements.
In this example, the risk discussions focused on the various project features as presented within the USACE Civil Works Work Breakdown Structure for cost accounting purposes.  It was recognized that the various features carry differing degrees of risk as related to cost, schedule, design complexity, and design progress.  The example features under study are presented in table 1:
Table 1.  Work Breakdown Structure by Feature
	01
	LANDS AND DAMAGES

	02
	RELOCATIONS

	09
	CHANNELS & CANALS

	11
	LEVEES & FLOODWALLS

	13
	PUMPING PLANT

	30
	PLANNING, ENGINEERING & DESIGN

	31
	CONSTRUCTION MANAGEMENT


The resulting product from the PDT discussions is captured within a risk register as presented in section 6 for both cost and schedule risk concerns.  Note that the risk register records the PDT’s risk concerns, discussions related to those concerns, and potential impacts to the current cost and schedule estimates.  The concerns and discussions are meant to support the team’s decisions related to event likelihood, impact, and the resulting risk levels for each risk event.
4.3 Analyze Cost Estimate and Schedule Contingency

Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft Excel format of the cost estimate and schedule.  Monte Carlo simulations are performed by applying the risk factors (quantified as probability density functions) to the appropriate estimated cost and schedule elements identified by the PDT.  Contingencies are calculated by applying only the moderate and high level risks identified for each option (i.e., low-level risks are typically not considered, but remain within the risk register to serve historical purposes as well as support follow-on risk studies as the project and risks evolve).
For the cost estimate, the contingency is calculated as the difference between the P80 cost forecast and the base cost estimate.  Each option-specific contingency is then allocated on a civil works feature level based on the dollar-weighted relative risk of each feature as quantified by Monte Carlo simulation.  Standard deviation is used as the feature-specific measure of risk for contingency allocation purposes.  This approach results in a relatively larger portion of all the project feature cost contingency being allocated to features with relatively higher estimated cost uncertainty.  

For schedule contingency analysis, the option schedule contingency is calculated as the difference between the P80 option duration forecast and the base schedule duration.  These contingencies are then used to calculate the time value of money impact of project delays that are included in the presentation of total cost contingency in section 6.  The resulting time value of money, or added risk escalation, is then added into the contingency amount to reflect the USACE standard for presenting the “total project cost” for the fully funded project amount.
Schedule contingency is analyzed only on the basis of each option and not allocated to specific tasks.  Based on Cost Engineering DX guidance, only critical path and near critical path tasks are considered to be uncertain for the purposes of contingency analysis.  

5. KEY ASSUMPTIONS
Present key assumptions in this section.  Certain assumptions may be dictated by the customer.  Other assumptions may be assumed by the risk analyst or cost engineer.  Key assumptions are those that are most likely to significantly effect the determinations and/or estimates of risk presented in the risk analysis.  The key assumptions are important to help ensure that project leadership and other decision makers understand the steps, logic, limitations, and decisions made in the risk analysis, as well as any resultant limitations on the use of outcomes and results.  (Certain risks may have been excluded due to USACE or PDT guidance – these should be mentioned.)
The following is an example of key assumptions for the risk analysis that could be identified by the PDT and risk analyst.
· Address design stage.
· Address confidence in design scope.
· Address any critical inclusions or exclusions of scope or risk.
· Address any sunk or expended costs not included within the risk study.
· Address life cycle costs, whether included or excluded.
· Address operations and maintenance, whether included or excluded.
· Address major features.
· Address congressional authorization.
· Address funding profiles.
· Address contract acquisition strategy.
· Address ATR status: successfully complete, incomplete, or unsatisfactory.
· Address feature cost accounts.
· Address confidence and quality of cost estimates and project schedules.
· Address the contingency confidence level recommended within the report.  
· Address which impact levels were studied or applied within the risk analysis.  These relate to the high, moderate, or low risk level ratings (generally, the high and moderate risk levels are studied).
6. RISK ANALYSIS RESULTS

Present the risk products and results in narrative form as well as tables and figures including the cost and schedule risk analysis results.  In addition to contingency calculation results, sensitivity analyses provide decision makers with an understanding of variability and the key contributors to the cause of this variability.
6.1 Risk Register
A risk register is a tool commonly used in project planning and risk analysis and serves as the basis for the risk studies and Crystal Ball risk models.  A summary risk register that includes typical risk events studied (high and moderate levels) should be presented in a table in this section.  The risk register reflects the results of risk factor identification and assessment, risk factor quantification, and contingency analysis.  A more detailed risk register would be provided in appendix A.  The detailed risk registers of appendix A include low level and unrated risks, as well as additional information regarding the specific nature and impacts of each risk.
It is important to note that a risk register can be an effective tool for managing identified risks throughout the project life cycle.  As such, it is generally recommended that risk registers be updated as the designs, cost estimates, and schedule are further refined, especially on large projects with extended schedules.  Recommended uses of the risk register going forward include:

· Documenting risk mitigation strategies being pursued in response to the identified risks and their assessment in terms of probability and impact.

· Providing project sponsors, stakeholders, and leadership/management with a documented framework from which risk status can be reported in the context of project controls. 
· Communicating risk management issues.

· Providing a mechanism for eliciting risk analysis feedback and project control input.

· Identifying risk transfer, elimination, or mitigation actions required for implementation of risk management plans. 

  In simple terms, a correlation is a dependency that exists between two risks and may be direct or indirect.  An indirect correlation is one in which large values of one risk are associated with small values of the other.  Indirect correlations have correlation coefficients between 0 and -1.  A direct correlation is one in which large values of one risk are associated with large values of the other.  Direct correlations have correlation coefficients between 0 and 1.
Correlations are important to understand the logic used in the risk analyses.  The mathematical correlations used in the Monte Carlo simulations are as follows:

· Present any risk event correlations, addressing their relationships.  
· Present the final risk register or the condensed version.  At a minimum include those risk events studied (an appendix can include the complete risk register):

· Risk event identifying number.
· Risk or opportunity event.
· PDT concerns.
· PDT discussions.
· Project cost likelihood, impact, and risk level.
· Project schedule likelihood, impact, and risk level,
Insert table containing a condensed risk register table.
6.2 Cost Risk Analysis - Cost Contingency Results
Provide a cost contingency narrative presentation of the results followed by tables presented from the Crystal Ball reports depicting the:

· Cost sensitivity chart.
· Confidence tables in 10 percent increments of confidence associated with dollars.
· Confidence curves relationship of percent confidence with contingencies in dollars (build from confidence tables).
Make note that these results reflect only those contingencies established from the cost risk analysis.

6.3 Schedule Risk Analysis - Schedule Contingency Results

Provide a schedule contingency narrative presentation of the results followed by tables presented from the Crystal Ball reports depicting the:

· Schedule sensitivity chart.
· Schedule confidence tables in 10 percent increments of confidence associated with months.
· Schedule confidence curves with contingencies (build from confidence tables).
Make note that these results reflect only those contingencies established from the schedule risk analysis.

6.4 Combined Cost and Schedule Contingency Results

Provide a brief narrative presentation of the combined cost and schedule results followed by tables depicting (combined tables of cost and schedule reports):

· Cost confidence table in percent confidence with contingencies in dollars.
· Schedule confidence table in percent confidence with contingencies in months.
7. MAJOR FINDINGS/OBSERVATIONS

Present the major findings and observations for both the cost and schedule risk analysis.  It is beneficial to refer back to the key assumptions and how they relate to the findings and observations.  Present the total cost summary at 10 percent confidence intervals unless otherwise directed.  Provide a summary of significant risk analysis results in this section, which have been identified in the preceding sections of the report.  Risk analysis results are intended to provide project leadership with contingency information for scheduling, budgeting, and project control purposes, as well as to provide tools to support decision making and risk management as projects progress through planning and implementation.  Because of the potential for use of risk analysis results for such diverse purposes, this section also reiterates and highlights important steps, logic, key assumptions, limitations, and decisions to help ensure that the risk analysis results are appropriately interpreted.  Table 2 presents project contingencies, which include base cost plus cost and schedule contingencies.  Figure 2 illustrates the total project cost risk analysis in confidence curve.
Table 2.  Sample Project Contingencies (Base Cost Plus Cost and Schedule Contingencies)
	Confidence

Level
	Project Cost 
	Contingency ($)
	Contingency (%)

	P0
	$46,955,000 
	($4,875,000)
	-9%

	P10
	$56,233,000 
	$4,403,000 
	8%

	P20
	$58,669,000 
	$6,839,000 
	13%

	P30
	$60,784,000 
	$8,954,000 
	17%

	P40
	$62,997,000 
	$11,167,000 
	22%

	P50
	$65,857,000 
	$14,027,000 
	27%

	P60
	$71,467,000 
	$19,637,000 
	38%

	P70
	$85,760,000 
	$33,930,000 
	65%

	P80
	$106,150,000 
	$54,320,000 
	105%

	P90
	$136,226,000 
	$84,396,000 
	163%

	P100
	$262,998,000 
	$211,168,000 
	407%
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Figure 1.  Sample of Project Confidence Curves
8. MITIGATION RECOMMENDATIONS

Present key recommendations that may assist in mitigating risks.  Present any recommendations for opportunities for both cost and schedule.
APPENDIX A

DETAILED RISK REGISTERS

(Present the detailed Risk Register here, covering all risk events, regardless of low, medium, or high risk concerns)
Disclaimer:  These are sample pages for instructional use only.
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