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This lesson will focus on the elements of a cost risk, bringing together the central elements of the risk process as it interweaves with cost and schedule.
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	Lesson Title
	Cost Risk

	
	

	Terminal Learning Objective
	Using a case scenario, develop a risk based cost estimate based on a partial scope of work.


	
	

	Enabling Learning Objectives
	· Given a partial scope of work, discriminate between the salient factors that will affect the range of final costs.
· Using cost risk tools, identify costs based on 50%, 80% and 99% confidence levels.
· Recommend final budget requests based on the results of the analysis.



	


	

	Time Required
	1 hour lecture
2 hours  exercises

	
	

	Method of Instruction
	Lecture, Exercises

	
References, Supplemental Readings
	
None

	
	

	Evaluation Method
	Student performance will be assessed using the Exercise Rubric.



[bookmark: _Toc395519268]Instructor Preparation

	Instructional Aids
	Type
	Description or Identification

	
	Instructor Slides

	Slides are also embedded in this ISP to show anticipated timing and discussion points

	
	Student Lesson Materials
	· Lesson 2 Student Guide
· AR 420-1
· CPRG


	
	
	

	
	Whiteboard
	Utilization of whiteboard to facilitate discussion of the main points is encouraged. 

	
	

	
	Butcher Paper
	None

	
	
	

	
	Software
	None

	
	
	

	
	Equipment
	· Computer with internet access
· Palisade @Risk software 
· Screen
· Projector

	
	
	

	
	Other
	None

	
	

	Environment
	Standard classroom set up	

	
	

	Notes to Instructor
	See within

	
	

	Student Preparation Prior to Class
	Complete Precourse 
Read: Student Reference Guide, Lesson 2, Cost Risk

	
	

	Estimated Student Preparation
Time
	30 minutes
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“Take calculated risks. That is quite different from being rash.”
George S. Patton

Assessing and mitigating risk is the focus of this lesson.  The opposite of this approach comes in two flavors.  

Flavor 1 “That’s risky, don’t do it.”  In this approach there is no quantification of risk and the only strategy is risk avoidance.  Nothing is learned and the project is typically dead in the water following this approach.

Flavor 2 “We don’t know the risk, but we will assume it (and then do nothing)”.  Here you move forward with the project with no plan to mitigate risk and just hope that you dodge a bullet this time.  

What we are looking to do in this lesson is use quantitative techniques to assess the risk and develop a realistic approach to completing the project given the cost risk environment present at the time the project is underway.


1.  Introduction	

Before delving into the plan itself, examine the interplay between risk and leadership.  As senior FE professionals, your effectiveness in assisting a project to successful conclusion often requires a developed set of risk management and mitigation skills.  It is critical that each one of us has an understanding of cost risk and how that interplays with the government project funding and management processes. 

Slide: 
[image: ]
The introduction is meant to shift the focus away from a well-defined requirement.  If you know up front you are going to build a 10,000 SF admin building at your facility, you have a pretty well defined requirement and can do a fairly accurate parametric estimate of this project in a short period of time, i.e. 10,000 SF times 150 per square foot gives you a ballpark estimate of 1.5 Million dollars.  The cost risk on that is typically low as the type of project is known, local costs are known and big picture this is a small project as it falls under the current limit for specified MILCON.

Slide:  
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This is meant to engage discussion early in the lecture. In general, the students respond that 10% is a normal cost overrun and 15% or 20% is high.  However, the record is 1400%.  Statistically this should happen once every 50 billion year if costs were normally distributed.  However this has happened twice in the last 100 years.  

(next two slides are the projects that overran by 1400%)

Slide
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After that is a slide showing a significant under run.  This was a Navy Pier at Bangor, Washington.  This underran by 57%.

Slide
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This last slide is meant to queue up a discussion on the problems of missing an estimate on the high side.  The obvious side effect of this is other urgent projects are not funded given the portion of the budget allocated to this project. But there could be others in addition to this “Crowding out” effect, i.e. the project could be over designed to use up the additional funding allocated.

[image: ]
Perhaps a better question for the instructor to throw out is “when do we not apply cost risk?” if you have a plumber out to your house to replace a garbage disposal, there is very little cost risk it is a few hundred dollars for the job.  In cases like that a few quotes over the phone is adequate mitigation of cost risk.  However as projects grow in size the potential cost risk also grows and hence cost risk analysis is more apropos.  

This slide is inserted to start the transition to the three places where cost risk can reasonably be applied.  MILCON, Civil Works and Environmental.

It also provides an opportunity to let students knows we will be using a risk tool.  The ACOE uses an Oracle product called “Crystal Ball”. DAU has access to the @RISK tool and that is what we propose using for the Monte Carlo simulations in the application exercise that follows the lecture.


Slide
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Introduction to the relevance to cost risk to MILCON, these next few slides are MILCON process focused and relate to how the process interacts with the risks.

Slide
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In MILCON, the cost risk is a feeder to the MILCON process via the 1391.  For the types of projects where an in depth risk analysis is appropriate, the project will be approved by congress.  This adds cost risk to the project as the market may change over time.  

Additionally there are two primary agents for DOD construction.  NAVFAC and the ACOE outside the UK, the USAF inside the UK.  These agents as you would expect have different approaches to assesses and mitigating cost risk.

 Slide
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This slide delineates the boundaries of military constructions points out another area of cost risk, land acquisition.  Land creates both cost and schedule risks to a project.  And schedule delays can often push the project into a higher cost environment in the future.  Knowledge of military land acquisition can affect local real estate prices.


Slide
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Overview of what is included in the project.  Each element of the slide is a potential cost risk item when you get to the Monte Carlo analysis later.

Slide
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How does the annual appropriation process affect cost risk? Another slide here for class discussion.  Possible answers include project compression and work that is not funded in the most conducive season for construction in our various locations.  This is a constraint that is outside the construction agents direct control that has an effect on cost risk.

Slide
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In addition to the transients introduced by the annual appropriation process there is the five year program process to consider.  This process introduces a lag between the time a requirement is identified and the time when a solution may start to be put into place, allowing for additional cost risk to enter the program.

What is the direct effect of a year delay on your project? What are the indirect effects on other projects? What are the effects on other budget lines? O&M? Personnel? 

Would condensing the process mitigate cost risk?

Slide
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This Slide is included to show Macro level effects of changes in the facilities investment budget.  For a brief period there was a 6 fold increase in the volume of facilities investment. 

What are the effects of this increase alone? Typically an increase in construction prices.  However what else was going on at this time outside the DOD?

Housing market bubbles and commercial real estate bubble burst right near the peak of this activity (housing market crashed around 2008, construction peaked in 2009).  That drove prices down.  There were two “market risks” that were effecting cost at the same time.  And they were pushing in different directions.  Significant ramp up in prices as DOD volume was increasing then the market collapsed and prices dropped.    

How do we address the reversion to pre 2000 levels of milcon to Congress?  What is likely to happen to prices that tumbled after the housing bust hit?  How long did we expect to get a deep discount due to the bust? How do you maintain credibility through a market upheaval?

Slide
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Transition here to civil works.  Photo is the Folsom Dam.  Currently there is a quarter of a billion dollar spillway project underway here.  What is different between MILCON and Civil Works from a cost risk perspective?

Slide
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 The philosophy was simply lump sum a 20-25% contingency without looking under the hood to quantify the specific risk drivers unique to the project in question.  Now the approach is to look at all the features of work and perform a CSRA (Cost and Schedule Risk Analysis). On smaller projects it is abbreviated.  Larger projects it is the Monte Carlo analysis.  

[image: ]


So what are some of the Process Changes? Design Build, Early Contractor Involvement…

What is the largest variation driver? Lack of a clearly defined scope which translates to less design information.  

Civil works also have a tendency to interact more with local agencies than do MILCON projects, hence more players.  

Lack of detailed risk analysis often underreported potential risk.  

Loss of corporate knowledge meant that risk awareness walked out the door.

[image: ]

Typical of construction projects the cost estimate increases over the life of the project while the contingency decrease.  This is the combination of unknowns.  The known unknowns could square footage if the user is uncertain about the staffing the new building will receive.  We know people are coming, we just don’t know how many.  The unknown unknown could be an earthquake that damages partly completed construction.  Over time both of these risks reduce and the contingency wedge diminishes.
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This risk often centers on concentration and distribution of an environmental contaminant.  Very hard to characterize, very rich opportunity to apply statistical techniques based on sample data.

[image: ]

This slides introduces a specific case where the ACOE was charged with remediating multiple sites that were involved in the Manhattan Project.

[image: ]
 The chart is the desired output of the CSRA study.  How much will it cost, how long will it take? You can’t assert this definitively ex-ante, but ex-post you will know the answers. 
Up front you can at best give a confidence level.

[image: ]

Summary sheet of risk drivers that would be line items in Monte Carlo analysis.

[image: ]
Sample site.
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Point to high light on this slide is “arbitrary contingency percentage” in budgets.  Exact same issue that was brought up in Civil Works.  Exactly the offset you get from MC simulations.  Credibility in communications.

[image: ]

The problem with sampling…4 of the five samples are “clean” but the site itself is very much in need of clean up.

[image: ]

And just like in Civil Works projects over $40M, the solution is CSRA.

[image: ]

Specific steps in characterizing the site and calculating the likely cost and duration of the remediation efforts.

[image: ]

1 How big is the problem?
[image: ]
2. How much have we fixed, how much is left to fix?
[image: ]
3. Develop your risk register.
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4. Call in the pros from Dover.



 [image: ]
5. Here is the output of the simulation.

[image: ]

6. Pick your risk level and publish a credible answer.

[image: ]

End of the story that at first appeared to be a never ending story. 

[image: ]

Ok enough with the why we do this, let’s get to the simulation.  This is a very simple example of a 2 variable MC. It is presented on this slide to demonstrate the concept.  The distribution can be uniform, beta, normal, whatevs. 



[image: ]

High level 2 item monte carlo result.  Simply sample the two distributions and sum the results for your total cost.
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Just get 80% of the numbers to the left.  The MC output is often Bumpy so you can prettify it by choosing to display your results using the Latin Hypercube Simulation.  That chunks up the inputs more evenly.  Pure MC has more randomness and can be frightening to small children and non-mathematicians.


Addendum 1.  AR 420-1 Process

AR 420-1 Facilities Engineering (Facilities Management)

4–23. DD Form 1391 certification process
a. U.S. Army Corps of Engineers review and certification (military construction, Army and AFH projects only).

(1) The USACE will review project documentation submitted to IMCOM region directors to ensure that sufficient technical information is available to commence a concept design or parametric design; and that the project scope is in compliance with Army standards, criteria, and cost estimating requirements. These reviews should include site visits. Military construction documentation reviews will be funded from O&M appropriations.

(2) Once the review has been completed and comments made, USACE will forward a statement to the IMCOM Region Director, via a DD Form 1391 certification entry, that sufficient technical information is available to commence concept or parametric design; the project scope complies with Army standards, criteria, and cost estimating requirements, and having identified justification for any deviations. In addition, this statement will list major issues that must be resolved before budget submission to prevent project delay or loss.

(3) Major issues must be resolved prior to issuance of concept or parametric design authorization, or issuance of any Request for Proposal (RFP) for a design-build project.

(4) Even if the design or construction of a project is to be performed by another DOD agent, USACE remains responsible for project certification to the IMCOM Region Director.

(5) Deferred projects will be recertified by USACE upon reentry of the project into the program if there are significant changes in cost or scope or if the original certification is more than one year old.

(6) If a planning charrette was conducted and included USACE participation, the Planning Charrette Validation form in the PAX processor will suffice for the USACE certification.

b. U.S. Army Information System Engineering Command certification (military construction, Army and AFH projects only). The USAISEC will review user provided information systems requirements, cost estimate for technical adequacy, and certify projects to IMCOM region directors prior to the appropriate PRB.

c. Installation Management Command region director project certification (military construction, Army and AFH projects only). Directors of IMCOM regions will certify projects by selecting and including a standard statement in each DD Form 1391 that all planning and coordination with appropriate agencies have been accomplished, project documentation is available, the project is valid, requirements and scope are in accordance with HQDA guidance, and siting is in accordance with the IMCOM region director-approved installation RPMP. Also, the certification statement will reflect that no major problems exist that should defer the project from programming, and that the project documentation has been reviewed by the appropriate USACE organization and was found to be adequate to begin design. If the design or construction of a project is performed by another DOD agent, the IMCOM Region Director will still obtain the necessary certification from USACE. Deferred projects will be re-certified by IMCOM Regional Directors upon reentry of the projects into the program if there are significant changes in cost or scope or if the original certification is more than one year old.




Addendum 2  1391 requirements and development

Resident Lesson 2

Provide project cost estimates



TLO:  Given a partial scope of work, develop cost estimate and document in a project initiation plan.

MILCON DD Form 1391 requirements and development:

DD Form 1391 is the formal document submitted to Congress for scope and cost authorization and appropriation. A Military Construction (MILCON) project cannot be constructed until Congress authorizes each project and appropriates the funds. This authorization and appropriation is reflected in an "As Enacted" DD Form 1391.

The Military Construction Project Data Sheet (DD Form 1391) is used to state requirements and justifications in support of Congressional funding requests for military construction projects. It is submitted for all projects requiring OSD approval, including major and minor new construction and certain projects involving Operations and Maintenance, restoration of damaged facilities, and non-appropriated fund construction. The purpose is to formulate recommendations and to facilitate development of the recommended procedures. Preparation by Army installations, or other Military Services, and its review by the Office of the Chief of Engineers (OCE) are described. The report also identifies the regulations, criteria, and data sources on which this process is based.

The U.S. Army Engineering and Support Center, Huntsville, as the assigned responsible agency for the DD Form 1391 Processor System since 1980, is responsible for fielding, operation, maintenance, user assistance, and training to customers worldwide. The DD Form 1391 Processor and related systems cover a broad spectrum of unique needs and requirements associated with policies and procedures governing DD1391 Forms and related documentation.
The Huntsville Center, in cooperation with the Assistant Chief of Staff for Installation Management, has made the DD Form 1391 Processor System available via the Internet at https://pax.csd.disa.mil. To access the system, the user needs Internet access, a standard configuration personal computer, and a Common Access Card (CAC).

The system currently accommodates electronic development and submittal of construction projects for Military Construction, Army (MCA), Production Base Support (PBS), Army Family Housing (AFH), Non-Appropriated Funds (NAF), Maintenance and Repair (MR), the Army and Air Force Exchange Service (AAFES), Commercially-Financed Facilities (CFF), Defense Logistics Agency (DLA), Medical Facilities (MED), Base Closure, Army (BCA), Special Operations Program (SOP), Section 6 Schools (S6S), Relocatable Buildings (RB), Defense Finance and Accounting Service (DFAS), Payment-in-Kind (PIK), Ballistic Missile Defense Organization (BMDO), Chemical Demilitarization (ChemD), Theater Missile Defense (TMD), National Missile Defense (NMD), and Barracks Upgrade Program (BUP).

The DD Form 1391 Processor System is available in a web-enabled environment. Through lectures and practical exercise sessions, the DD 1391 course introduces the student to the capabilities, formats, functions, and usage procedures of the DD Form 1391 Processor System. The DD Form 1391 Processor System allows the user to prepare, edit, query, submit, review, and distribute DD Forms and supporting DD Form 1391 documents electronically using a personal computer.

DD Form 1391 Preparation Planning Charrette Process

The purpose of the DD Form 1391 Preparation Planning Charrette Process document is to identify and resolve issues of standardization, functionality, location, scope, and cost which might otherwise affect execution of the project. The objective deliverable of the Planning Charrette is the Department of Defense (DD) Form 1391 signed by the Installation / Garrison Commander, and the Planning Charrette Validation Form (see Appendix D), signed by project users and relevant installation staff. The Validation Form constitutes agreement and should facilitate the design process. Identification of issues, which cannot be resolved in the Planning Charrette process, can, and should, slow project execution until these issues are resolved. Planning Charrettes do not eliminate a need for the much more detailed Design Charrette conducted with Planning and Design (P&D) funding later in the project.

The DD Form 1391 Preparation Planning Charrette Process document is applicable to the Army Regions, Major Army Commands (MACOM), Army Installations, USACE Major Subordinate Commands (MSC), and US Army Corps of Engineers (USACE) districts with a mission to support the design and/or construction of Military Construction, Army (MCA) projects.

Planning Charrettes are conducted in the formulative stage (Guidance Year-1) for projects identified in the Future Years Defense Program (FYDP). The purpose is to identify and resolve issues of standardization, functionality, location, scope, and cost which might otherwise affect execution of the project. 

DD Form 1391 Paragraphs/Blocks:

Component (Block 1):  The Military Service Department
Date (Block 2):  The latest revision/submission date
Installation and Location/UIC (Block 3): The Military Installation (Unit Identification Code)
Project Title (Block 4):  The official name/title of the Project
Program Element (Block 5): The Service identifier
Category Code (Block 6): The major scope construction category code
Project Number (Block 7): The official project number
Project Cost (Block 8): The total Project cost (rounded) in thousands.
Cost Estimates (Block 9):  Broken out into “Primary” and “Supporting Facility” major line cost elements.
· Unit of Measure (metric or English units)
· Quantity (associated metric or English units)
· Cost (scope line item cost)
· Subtotal (this is considered the total construction contract cost)
· Contingency (usually 5% for new construction; may be higher for major renovation)
· Total Contract Cost (equals the Subtotal + Contengency)
· Supervision, Inspection and Overhead (5.7% for new construction based on the Total Contract Cost)
· Total Request (equals the Total Contract Cost + the SIOH)
· Design-Build Design Cost (include 4% only if the acquisition strategy is DB)
· Total Request (for DB then the Total Request would also include the DB design cost)
· Total Request (Rounded – this number would also be included in Block 8)
· Equipment Provided from Other Appropriations (this may include furniture and furnishings funded from other than MILCON appropriations)
Description of Proposed Construction (Block 10): The description of the project scope of work to be provided with the completed construction.
Requirement (Block 11):  The requirement for the project related to the mission and operational needs of the unit(s).
· Requirement:  The mission needs related to operational requirements.
· Current Situation: The current level of mission execution and operational conditions.
· Impact if not provided:  The impact on the mission and operations of the unit if the new project is not provided.
· Additional:  The specialized requirements that must be provided in conjunction with the project.
· Joint Use Certification:  If any joint use with other DoD units this is where it will be identified and if not then a statement provided on why joint use is not viable.
Supplemental Data (Block 12): 
· A. Design Data:  The estimated dates for the design execution are provided. (design start date, percent completion, date design 35% completed, Date design 100% completed, parametric cost estimate used to develop costs (yes/no), type of contract (DB, DBB, etc), 
· Total Design Cost: (Production of Plans and Specifications (this relates to the 6% statutory limit of the construction value); All other design costs; Contract Cost (AE); In-House Cost (government personnel).
· Construction Award Date: Expected construction award date based on design completion, advertising, authorization/appropriations available.
· Construction Start Date: Expected construction start date based on the expected award date.
· Construct Complete Date:  Expected completion date based on the award date and total construction period in the contract.
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Principa risk diverfor these stes isthe poentalfor ortamiratedsoi volumechanges
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U 4. Perform Cost and Schedule Risk Analysis

'USACE Cost Engineering Directory of Expertse (DX) included on PDT forcost and
schedule risk analyss (CSRA)

Risk Analyst uses PDT developed risk registers 2s input

‘Quantifies cost and schedule risks based on detaled qualtative PDT inputand
baselne cost estimate

Outputis 2 range of Costto-Complete Estimates and associated confidence levels
PO reviews outputs and risk distrbution functions and refines model

Determines appropriate confidence levelto apply toal sites (80% commonly used for
programming within USACE)
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A’S. Cost Risk Analysis (Example: Painesville Site)

Cost & Schedule Range

[——{Scope (Volume) Rangel—
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‘m 6. Determine Acceptable Risk & Associated Cost

'CONFIDENCE % COSTS TO COMPLETE
SIE 5% £ s9%
painesvile|  $271 s3m sam
Linde sesm | s1osm ste3m
sLoA s1zm | saram sa2m
Luckey | s1zm | ssoom 5596 M
seaway | ssam [ siim Sta9 1
ToTAL sestm | osszm | s1e22m

80% confidence level = risk averse = acceptable
99% confidence level = extremely risk averse # acceptable
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U Summary

+ Environmental remediation = significant threats, uncertainties
and risks to scope, schedule, budget, quality
+ Risk Mgt: Quantitative + Qualitative = Confidence
- Risk registers (categories, risks, probability, impacts)
- Statistical Monte-Carlo analysis of impacts to cost& schedule
- Corporate buy-in on risk management process
* LRD uses 80% confidence values for budgeting, scheduling &
committing to FUSRAP project completions
+ Continuous improvement: Update CSRA estimates at least
annually to provide best possible inputto FUSRAP budgeting
process
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U Analysis tool

+ We just showed you three applications,so just
how does Monte Carlo work?

+ Lets say you have 10,000 hours of labor but not
sure if it a Davis Bacon category of 40 an hour
or 25 an hour. And you have equipment that will
rent from 50,000 to 60,000 per month for 3

months. Thefirstis a discrete distribution. The
secondis some smooth function.
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U Run the simulation

- Labor Equipment  Total
- 25000 156,099 181,099
- 25000 166,333 191,333
— 40000 172,211 2122711
- 25000 165,198 190,198
— 40000 179,321 219,321

— Etc to 1000 or 10000 simulations. Then plotthe
points on a histogram and you have your
distribution.
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J et 80% of the numbers to the left





image1.jpeg




