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Introduction

This document describes the process and approach used to develop the cost and schedule contingency estimates included in the proposed baseline for the National Compact Stellarator Experiment (NCSX) Project.  The contingency estimate is based on inputs of all key members of the project team using a structured process based on established DOE and industry methodologies.  The contingency estimates are intended to reflect the inherent uncertainty associated with the current NCSX estimates-to-complete (ETC) and the currently identified project risks.
Overview of Methodology and Approach

The NCSX Project Team employed a structured process developed and implemented with the support of a consultant with extensive DOE and industry experience.  The objective of this process was to assess and analyze all areas of risk and uncertainty that might affect the cost and schedule estimates for the project.  Probabilistic Risk Analysis Techniques (Monte Carlo Analysis) were used to derive recommended contingency allowances that provide 90% confidence that the proposed baseline estimate will not be exceeded.
Separate models were constructed to account for inherent uncertainty of the cost and schedule estimates as well as the potential residual impact of identified project risks.  Each of these models is described in the following sections of this document.

Cost Estimate Uncertainty Model

Both cost estimates and schedule durations have inherent levels of uncertainty.  In general, the level of such uncertainty is a direct result of the degree of design maturity and the complexity of the elements involved – in effect, how much definition exists to provide a basis for the estimates.  For this reason, standard cost estimating practice describes uncertainty levels in terms of ranges around the point estimates which, in the case of NCSX, were developed by Job Managers and the Project Management team.
The NCSX Project relied on standard industry and DOE cost estimate classifications to describe the expected range of individual job estimates.  In particular, a combination of design maturity and complexity was used to equate each job estimate to a particular cost estimate classification level which could then be used to assign an expected estimate range to each estimate.
Each job estimate was assigned a design maturity and complexity rating based on the definitions shown in Tables 1 and 2.

Table 1
Design Maturity Definition
	High
	Final design available.  All design features/requirements well known. No further design development or evolution expected that will impact estimate.

	Medium
	Preliminary design available.  Some additional design evolution likely. Further developments can be somewhat expected or anticipated and reflected in estimate.

	Low
	No better than conceptual design basis currently available.  Design details, procedures, etc. still need much development and evolution of requirements beyond estimate basis is likely and expected.


Table 2
Design Complexity Definition
	Low
	Work is fairly well understood -- either standard construction or repetition of activities performed in past. Little likelihood of estimate not being well understood and requirements not being well defined.

	Medium
	More complex work requirements that have potential to impact cost and schedule estimates. Limited experience performing similar tasks, so ability to estimate accurately is somewhat suspect

	High
	Extremely challenging tasks and/or requirements.  Unique or first-of-a-kind assembly or work tasks. No good basis for estimating work exists so there is a high degree of estimate uncertainty.


Based on standard industry and DOE estimate classifications (Per AACEI Recommended Practice 18R-97, Cost Estimate Classification System – As Applied to Engineering, Procurement, and Construction in the Process Industries), the NCSX estimates were equated to the appropriate class of estimate based on the design maturity and complexity ratings, as shown in Table 3.  The standard industry estimate ranges were then used as a basis to describe the expected range of each NCSX job estimate, using the maturity and complexity ratings, as shown in Table 4.
Table 3
NCSX Estimate Classification

	Estimate Class
	Level of Definition
	Accuracy Range
	NCSX Definition

	5 - ROM
DOE CD-0
	0 - 2%
	Low: -20 % to -50%
High:+30% to +100%
	L Maturity

H Complexity

	4 - Conceptual
DOE CD-1
	1 - 15%
	Low: -15% to -30%
High:+20% to +50%
	MH and LM

	3 - Preliminary
DOE CD-2
	10 - 40%
	Low: -10% to -20%
High:+10% to +30%
	LL, MM, and HH

	2
DOE CD-2 or 3
	30 - 70%
	Low: -5% to -15%
High:+5% to +20%
	ML and HM

	1 - Definitive
DOE CD-3
	50 - 100%
	Low: -3% to -10%
High:+3% to +15%
	H Maturity

L Complexity


Table 4
NCSX Estimate Ranges
	
	
	Design Complexity

	
	
	Low
	Medium
	High

	Design Maturity
	Low
	-15%
	+25%
	-20%
	+40%
	-30%
	+60%

	
	Medium
	-10%
	+15%
	-15%
	+25%
	-20%
	+40%

	
	High
	-5%
	+10%
	-10%
	+15%
	-15%
	+25%


The distribution of the NCSX Estimates to Complete by uncertainty level is shown in Table 5.  As can be seen in Table 5, at this time, approximately 31% of the remaining NCSX project costs are based on a level of definition that does not meet the expectations of DOE O 413.3A for establishing a baseline (i.e., CD-2).

Table 5
NCSX Estimate to Complete by Design Maturity and Complexity Rating
	
	
	
	
	Design Maturity/Complexity

	WBS
	Description
	ETC
	Frozen
	HL
	ML & HM
	MM,LL,HH
	MH & LM
	LH

	Assumed Estimate Accuracy Range
	
	-5 to +10%
	-10 to +15%
	-15 to +25%
	-20 to +40%
	-30 to +60%

	
	
	
	
	
	
	
	
	

	12
	Vacuum Vessel
	156
	-252
	408
	
	
	
	

	13
	Conventional Coils
	3,460
	-32
	337
	1,111
	2,044
	
	

	14
	Modular Coils
	6,241
	-116
	
	501
	3,901
	1,955
	

	15
	Structures
	1,262
	
	
	1,262
	
	
	

	16
	Coil Services
	862
	
	862
	
	
	
	

	17
	Cryostat & Base Support Structure
	785
	
	325
	253
	
	207
	

	18
	Field Period Assembly
	10,105
	
	
	5,727
	515
	1,548
	2,315

	19
	Stellarator Core Mgmt & Integr
	1,620
	
	1,620
	
	
	
	

	2
	Auxiliary Systems
	240
	
	
	172
	68
	
	

	3
	Diagnostics
	717
	
	454
	
	263
	
	

	4
	Electrical Power Systems
	2,425
	-104
	1,445
	1,084
	
	
	

	5
	I&C Systems
	1,136
	
	69
	640
	205
	222
	

	6
	Facility Systems
	1,379
	
	
	
	151
	1,228
	

	7
	Test Cell Prep  & Machine Assy
	7,952
	-249
	
	
	617
	7,584
	

	8
	Project Oversight & Support
	12,508
	174
	9,176
	
	2,562
	
	597

	
	
	
	
	
	
	
	
	

	
	Total
	50,849
	-580
	14,696
	10,751
	10,326
	12,744
	2,912

	
	
	
	
	
	
	
	
	

	
	% of Total
	100%
	-1%
	29%
	21%
	20%
	25%
	6%


The ranges shown in Table 4 were then used with the job manager’s point estimate to describe a probability profile for each estimate as an input to a Monte Carlo analysis using Crystal Ball® and Microsoft Excel software.  Each job estimate was treated as an independent variable (except for a few job estimates which were correlated to each other) with cost outcomes described as a triangular distribution where the base estimate is the most likely value, the low end of the range is the minimum value, and the high end of the range is the 80% confidence level value (there is a 20% chance the actual costs could exceed this value).  Appendix A shows each job point estimate, the rating of design maturity and complexity, and the resultant ranges used as the inputs to the Monte Carlo probabilistic analysis.  Information on individual estimate probability profiles, correlation factors, etc. can be found in the Crystal Ball® Report included as Appendix H (these are called “assumptions” in Crystal Ball®.)
In addition, as a check of the above standard estimate ranges, the NCSX Project also solicited Job Manager opinions regarding the expected range around each of their estimates (+ or – some % of the estimate).  It was found that the results of both approaches yielded similar results using the Monte Carlo analysis model, but the standard ranges were selected for the final model so as to introduce consistency into the uncertainty ranges of all job estimates, without the effect of individual job manager biases.

Schedule Uncertainty Model

The inherent uncertainty of the schedule duration estimates were evaluated in a similar manner as was the cost estimate uncertainty.  For the schedule, a model that focused only on critical and near critical path activities was used.  For each activity identified and included in this model, a duration range was established using the same maturity and complexity ratings and resultant estimate uncertainty ranges as were used for costs.  

As with the cost uncertainty model, Monte Carlo analysis was used to determine the overall project schedule probability profile.  Each critical path (or near critical path) activity was treated as an independent variable, however when appropriate, the schedule and cost estimate uncertainty of individual jobs were correlated (that is, if the costs went up, the schedule duration would likely increase, and vice versa).  Triangular distributions were assumed with the base duration estimate being the most likely value, the low end of the range representing the minimum duration, and the high end of the range having a 90% confidence level (higher than for costs since schedule workarounds are more often possible).  In addition, the model capped or limited the durations for some activities that could be worked on a second shift to minimize the upper end of potential durations.  However when this is necessary, the model added a cost allowance for shift supervision, support and shift differential costs.
The inputs for the schedule uncertainty model are included as Appendix B of this document.
Risk Model

In addition to the models used to assess and quantify cost and schedule estimate uncertainty, a separate model was used to assess the level of contingency needed to accommodate residual risk impacts.  The basis for this model is the NCSX Risk Register and the estimated likelihood of occurrence of risks and risk impact estimates included therein.  The process used to identify risks and to manage identified risks is described elsewhere.  The model used to estimate risk related cost and schedule contingency allowances is described below.
The Risk Model assumes each identified risk has a chance of occurring based on the “likelihood” assessments determined for each risk, as described in Table 6.  
Table 6
Likelihood of Risk Occurrence
	Probability of Occurrence
	Criteria

	Qualitative
	Quantitative
	

	Very Unlikely
	<0.1
	Will not likely occur anytime in the project life cycle, or the probability of the occurrence is judged to be less than 10%.

	Unlikely
	>0.1 but <0.4
	Unlikely to occur in the project life cycle, or the probability of the occurrence is judged to be greater than 10% but less than 40%.

	Likely
	>0.4 but <0.8
	Will likely occur sometime during the project life cycle of the project or its facilities, or the probability of the occurrence is judged to be greater than 40% but less than 80%.

	Very Likely
	>0.8
	Very likely to occur sometime during the project life cycle or the probability of occurrence is judged to be 80% or greater.


Within the Monte Carlo analysis model, each likelihood description (likely, unlikely, etc,) is represented by a uniform probability profile (e.g., if “likely”, then there is an equal chance of from 40% to 80% of the time that risk event will occur).  If an event does occur, then the estimated cost and schedule impact ranges will be realized with another uniform probability profile for the impact range (that is, there is an equal chance any value from the low estimate to the high estimate will be realized).  These probability profiles were used as the input variables for the Monte Carlo analysis using Crystal Ball® and Microsoft Excel software.  The Risk Model inputs are shown in Appendix C of this document.

Summary of Results
The result of the NCSX uncertainty and risk models is displayed in the figure below (the detailed probability profile of each uncertainty and risk element can be found in Appendix D and E, respectively).  The contingency allowances needed to attain a 90% confidence the proposed ETC will not be exceeded are summarized in Table 7.  The ETC for the NCSX Project at the 90% level of confidence is approximately $63 million.
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Table 7
Contingency Analysis Results
	Base Schedule
	45.25
	months

	
	
	
	

	Schedule Uncertainty Contingency at 90%
	7.88
	

	Risk Schedule Contingency at 90%
	3.76
	

	
	
	
	

	Total Schedule Contingency (90%)
	11.63
	months

	
	
	
	

	
	
	
	

	Base ETC
	50,849
	

	
	
	
	

	Contingency at 90% (Std Uncertainty)
	8,036
	16%

	Cost of Schedule Uncertainty Contingency
	1,589
	3%

	Cost of Schedule Risk Mitigation
	355
	1%

	
	
	
	

	Total Uncertainty Contingency - 90% Confidence
	9,981
	20%

	
	
	
	

	Risk Cost Contingency (from Risk Model) at 90%
	1,282
	3%

	Risk Schedule Contingency (cost of stretch) - 90%
	758
	1%

	
	
	
	

	Total Risk Contingency - 90% Confidence
	2,040
	4%

	
	
	
	

	Total Cost Contingency (90%)
	12,021
	24%

	
	
	
	

	ETC with Contingency (@90%)
	62,869
	

	
	
	
	

	
	Contingency Spread by Year
	
	$M

	
	2008
	20%
	2.40

	
	2009
	25%
	3.01

	
	2010
	30%
	3.61

	
	2011
	25%
	3.01


Table 7 summarizes the months of schedule contingency needed to achieve 90% confidence in the schedule end date (CD-4) as a result of both schedule estimate uncertainty (as it impacts the project critical path), and the potential residual impacts of project risk events.

Also shown in Table 7 are the cost contingency allowances necessary to attain a 90% level of confidence in the Estimate to Complete for the NCSX Project.  The cost contingency is comprised of the following elements:

· Standard estimate uncertainty allowance

· Cost associated with the schedule uncertainty (project costs that would be incurred as the project schedule is stretched – see Appendix F)

· Cost of Schedule Risk Mitigation representing the added costs to be incurred if and when second shift operations are needed to maintain the project schedule (or limit the amount of schedule stretch) as a result of schedule uncertainty – see Appendix F
· Risk Contingency which includes both cost impacts and the cost that is incurred as a result of schedule impacts of risk events

Table 7 also depicts the proposed spread of contingency dollars by fiscal year, the basis for which can be found in Appendix G.
At the request of DOE HQ, the calculated contingency allowance was subsequently allocated to individual WBS elements.  Although the contingency will not be managed in this way, this portrayal is useful for assessing to what degree the various WBS elements contribute to the uncertainty and risks for the NCSX Project.  The results of this allocation are shown in Table 8.  The following methodologies were used to derive this contingency allocation:

· Uncertainty was distributed by forecasting the Monte Carlo analysis results for each WBS and determining the percentage each WBS element contributed to a sum of the 90% confidence points for each WBS element.

· Schedule cost contingency was allocated to the WBS elements for which those costs will be required – the “standing army” costs associated with schedule stretch that are primarily project management related elements.

· The schedule mitigation cost was assigned to the WBS element that would require additional shift work if the schedule uncertainty is realized.

· The risk contingency was allocated on the basis of WBS elements assigned for each identified risk.  In the case of risks such as labor rate or escalation changes, the risk contingency was spread proportionally across all potentially impacted WBS elements.

Appendices

A. Estimate Uncertainty Ranges

B. Schedule Uncertainty Ranges

C. Risk Model Inputs

D. Uncertainty Model Results

E. Risk Model Results

F. Schedule Contingency Costing Bases

G. Basis for Spread of Contingency by Fiscal Year

H. Crystal Ball® Report
Table 8
Contingency Allocation by WBS
	WBS
	
	Allocation of Contingency Allowances
	
	
	

	
	
	ETC
	Uncertainty
	Schedule
	Sched Mitig
	Risk
	Total
	% of ETC
	% of Conting.

	12
	Vacuum Vessel
	156
	30
	
	
	10
	40
	26%
	0.3%

	13
	Conventional Coils
	3,460
	527
	
	
	175
	702
	20%
	5.8%

	14
	Modular Coils
	6,241
	1,002
	
	
	406
	1,408
	23%
	11.7%

	15
	Structures
	1,262
	173
	
	
	8
	181
	14%
	1.5%

	16
	Coil Services
	862
	67
	
	
	225
	292
	34%
	2.4%

	17
	Cryostat & Base Support Structure
	785
	112
	
	
	5
	117
	15%
	1.0%

	18
	Field Period Assembly
	10,105
	1,645
	
	355
	127
	2,128
	21%
	17.7%

	19
	Stellarator Core Mgmt & Integr
	1,620
	127
	179
	
	10
	317
	20%
	2.6%

	2
	Auxiliary Systems
	240
	34
	
	
	2
	36
	15%
	0.3%

	3
	Diagnostics
	717
	84
	
	
	5
	88
	12%
	0.7%

	4
	Electrical Power Systems
	2,425
	182
	
	
	53
	235
	10%
	2.0%

	5
	I&C Systems
	1,136
	156
	
	
	7
	163
	14%
	1.4%

	6
	Facility Systems
	1,379
	372
	
	
	9
	381
	28%
	3.2%

	7
	Test Cell Prep  & Machine Assy
	7,952
	2,375
	
	
	162
	2,536
	32%
	21.1%

	8
	Project Oversight & Support
	12,508
	1,150
	2,168
	
	79
	3,397
	27%
	28.3%

	
	
	
	
	
	
	
	
	
	

	
	Total
	50,849
	8,036
	2,347
	355
	1,282
	12,021
	24%
	100.0%
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