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Procedures for Cost Estimation, Contingency Analysis, 

and the Procurement Plan for U.S. ATLAS



I.	Purpose of the Procedure Manual



This manual details the methods to be used by all institutions estimate U.S. ATLAS Detector costs, schedule its construction and report the progress of the construction efforts.  This manual is a working guide as well as a directive.



This manual provides a common approach and framework for generation and collection of cost and schedule data, schedule integration and construction cost performance reporting.  The manual will follow the detector development through construction.  It will be revised by the U.S. ATLAS Project Manager as necessary to assure that common guidance is provided for efforts relating to project or subsystem cost and schedule development and management.



The release and revisions to this manual are controlled so the project construction team has current consistent information with which to manage the construction of the detector.  Deviations from these instructions must be negotiated between the Subsystem Manager and the Project Manager.



II.	Project Scope - U.S. ATLAS Detector Project



A.	U.S. ATLAS Detector Construction Project



The U.S. ATLAS Detector construction project includes the design, procurement, fabrication, assembly, installation, test and checkout activities to provide part of a general purpose detector called ATLAS for experimentation at the Large Hadron Collider (LHC) at CERN in Geneva, Switzerland .  The construction project began in October, 1995, and is currently scheduled to complete by July 1, 2005.  The Baseline change control is described more fully in the U.S. ATLAS Project Management Plan (U.S. ATLAS Note 97-006).



A description of the U.S. ATLAS Detector parameters, for the purposes of cost and schedule activities, is documented in U.S. ATLAS Note No. 002- U.S. ATLAS Proposal, Sept. 1996.  The deliverables are defined explicitly in the WBS which will be finalized this summer.  We expect to be “baselined” after approval by the DOE AND NSF in the Fall, 1997.  Changes to the Baseline Configuration are formally and strictly controlled.  



The design and construction of the U.S. ATLAS detector is an international endeavor with in-kind contributions from Collaboration sources.  The cost of the U.S. detector deliverables is provided from DOE and NSF.



III.	Organization of Cost/Schedule Effort



	U.S. ATLAS  Cost and Schedule General Approach

	U.S. ATLAS Basis of Estimate



The U.S. ATLAS WBS is organized at Level 2 into Subsystems, at Level 3 into Major Components, at Level 4 into Minor Components and at Level 5 into Design, Prototype (sometimes called “Module 0”), Production and Installation phases.  Each task in the WBS at the lowest level includes a single institution and/or funding agency (DOE or NSF).  Each task may have EDIA labor and/or Manufacturing labor, and/or EDIA materials and/or Manufacturing materials.  EDIA represents all engineering, design, inspection and administration labor costs at the U.S. ATLAS institution.  Any travel or tooling (CAD stations, measurement equipment) is called EDIA material.  Prototypes are included as manufacturing costs.  Manufacturing labor is the work at the institution doing the work, but vendor labor is called Manufacturing Materials.  



Labor rates and overheads for both labor and materials have been collected by the Project Office so they can be applied in a consistent manner.  Each task may have manpower or materials which are charged to Project, Base and/or Infrastructure funding.  Contingency is estimated using guidelines given in Section V below.



A management tool has been specially developed by the U.S. ATLAS Project based on Microsoft Access for cost estimating, scheduling, and planning.  The data entries include all the information about each task including the person and institution responsible, the WBS Dictionary description, the cost estimate, the rates and overheads, the funding profile, the labor mix required etc.  Reports are currently available which summarize the total costs and funding profile required as well as the manpower profiles.  These reports can be generated at any level of the WBS and for each type of funding.  This data base will be used for entering the monthly reports at level 5 for each institution.  



The cost and schedule effort is to include all costs associated with the design and construction of the U.S. ATLAS detector deliverables beginning Oct. 1, 1995 and concluding on Sept. 30, 2004 (or at the start of LHC Operations).  The Baseline Detector estimate was in FY '97 dollars.  A new Baseline will be established annually or when major changes in scope occur, such as major DOE or NSF directed changes in the LHC funding profile.  All activities and materials are to be included in the estimates and schedules and are assumed to be procured using U.S. funds.  The cost is to reflect that fiscal year as the base year for cost and the beginning point for cost escalation to "then year" or "at year" cost levels.  



The approach is to develop a resource loaded schedule that directly ties the labor and material cost to scheduled activities and a project network.  All activities shall be tied to a WBS element, and all cost element resources (labor or material) shall be tied to an activity.  The common elements within the cost and schedule is the WBS.



This cost and schedule approach also assimilates the existing tools of cost and schedule within the collaborating institutions.  The products of the efforts will be 1)  a rolled-up cost estimate of all WBS elements with contingency;  2)  an integrated project schedule (IPS) that details design through test/checkout activities for each subsystem;  3)  lastly, resource-loaded subsystem and summary schedules so that we can determine funding requirements and determine construction cost performance for management of the detector construction.



B.	WBS and WBS Responsibilities



The U.S. ATLAS Project Work Breakdown Structure is provided below as a brief dictionary of what is included at a summary level.  The WBS was developed to provide overall guidance for construction cost and schedule efforts and to track the detector construction progress through the construction phase.  This WBS may undergo some modification as detector technology decisions are made. 



�IV.	Cost Estimating Approach



A.	Introduction and Estimating Philosophy



	1.	U.S. ATLAS Cost Estimating Approach and Responsibilities



The U.S. ATLAS detector is composed of a number of subsystems each of which requires a cost estimate.  Subsystem Managers were charged with developing the estimates in a manner consistent with the approach in the following sections.  Cost estimates will be delivered to the U.S. ATLAS Project Manager in required formats for certification and final authorization.



	2. 	Cost Estimating Guidelines



a)	The basis for the cost estimate developed according to this Procedures Manual will be a detailed bottom-up estimate for each subsystem.



b)	These estimates shall be in FY97 dollars.  FY97 labor rates will be provided.



c)	The U.S. ATLAS Proposal (Sept. 1996, U.S. ATLAS Note No. 96-002) plus the current ATLAS TDRs provides the detector configuration to be used for detector cost.  Each Subsystem Manager is in responsible for ensuring that all the correct deliverables are included.



d)	All project costs must be included for detector construction from October 1995 through completion in September 2005.  This includes costs associated with R&D and prototype development, assigned to the project. 



e)	Cost estimates will be developed based on a Work Breakdown Structure (WBS) as entered into Microsoft Access.



f)	In addition to providing cost information each estimator shall develop his/her Cost Book.  This document shall contain supporting information summarizing the philosophy and parameters used to prepare the cost data item.  



g)	For the costs of items not yet sufficiently designed, assumptions should be well documented as part of the basis of estimate.  The following section suggests a format for doing this.



3.	WBS Dictionary



The following format has been developed for documenting a single WBS element.  This documentation should be included as part of Access Database and will be used for future cost reviews. Information to be included:



	a)	WBS Number

	b)	WBS Name

	c)	WBS Definition

		¥  identify components included



4.	WBS Basis of Estimate



The following format has been developed for documenting a single WBS element.  This documentation will partly be included in the Access database and should be included as part of the subsystem Cost Book and will be used for future cost reviews. to be included:



a)	WBS Number

b)	WBS Name

c)	Estimating Source (in Access Database)

	¥  Actual Price(we actually purchased the item)

	¥  Catalog price

	¥  vendor quotation  

	¥  engineering judgment

	¥  parametric estimate

	¥  physicist estimate

d)	Basis of Estimate (can be in Cost Book or database)

¥  brief description detailing how the estimate was arrived at and which labor classifications were used (e.g., supported by manufacturing analysis, etc.)



Example:  Analysis determined that 50 MT of Aluminum material is required.  Raw material costs are based on $2.00/lb. from a vendor estimate that has been included.  Manufacturing engineers estimated that it would take 2 hours to machine to size.  The labor types are identified in the detailed WBS format under the labor categories.  Twenty man-days of engineering  were estimated based on engineering judgment.  Inspection  was factored at 10% of manufacturing labor.



5.	Supporting Documents



Vendor estimates will be included as part of the Cost Book when used to arrive at material or procurement costs.  The basis of estimate should also identify how the estimate was made and reference vendor information if applicable.  If a facsimile from the vendor or the name of the vendor is going to be included it is advisable to contact them first before publishing the estimate.  If the vendor objects to publishing the estimate simply identify the estimate as "Vendor A."



B.	Labor Cost



1.	The job classifications are given in the U.S. ATLAS Access Instructions - U.S. ATLAS Note 007.

	

2.	Determination of Hours and Days Per Year



We will use a standard calendar which reflects historical data for a typical laboratory or university.  The calendar is as follows:



5 Days/week, 8 Hours/day, 14 Holidays/year and 26 days vacation/sick, which equates to 1757 Hours/year or ~220 days.  This number is based on real experience for working hours in a year at BNL. 



V.	Contingency Analysis



This section describes how the contingency for a given WBS element is calculated.  The following factors are included directly in the Access database.  If a subsystem Manager has a reason why these factors are not appropriate, this must be documented in the Cost Book. 



Risk is a function of the following factors:  The sophistication of the technology, the maturity of the design effort, the accuracy of the cost sources and the impact of delays in the schedule.  Risk analysis shall be performed for each WBS element at the lowest level costed.  Results of this analysis will be related to a contingency which shall be listed for each WBS element.  The goal is to make the method of contingency determination uniform amongst all U.S. ATLAS WBS elements.  



A.	Risk Factors



1.	Technical Risk:  Look only at the technical content or technology required to complete the element.  Technical risk has to do with how common the technology is that's required to accomplish the task or fabricate the component.  If the technology is so common that the element can be bought "off-the-shelf", i.e., there are several vendors that stock and sell the item, it has very low technical risk, therefore a risk factor of 1 is appropriate.  On the opposite end of the scale are elements which extend the current "state-of-the-art" in this technology.  These are elements which carry technical risk factors of 10 or 15.  Between these are: making modifications to existing designs (risk factor 2-3), creating a new design which does not require state-of-the-art technology (risk factor 4 & 6), and creating a design which requires R&D, and advances the state-of-the-art slightly (risk factor 8 & 10).



2.	Cost Risk:  Look only at the data available at the time you establish an estimate of the cost.  It may help to subdivide cost risk into 4 categories.  The first category is for elements for which you have a recent price quote from a vendor or a recent catalog price for the entire element.  If the price of the complete element, or the sum of its parts, can be found in a catalog, the appropriate risk factor to be applied is 1.  If you have an engineering drawing or specification for the element, and a reliable vendor has recently quoted a price based on these, the cost risk factor to be applied is 2.  Similarly, if a vendor has quoted a price based on a sketch which represents the element, and the element's design will not change prior to its  fabrication, the appropriate cost risk factor would be 3.



The second category is for elements for which you or your institution have some relevant experience.  If the element is similar to something you've done previously, and you know the cost of this similar experience, the cost risk factor is 4.  If the element is something in which you have not had recent experience, but is something which your institution is capable of doing, the cost risk is 6.  If the element is not necessarily similar to something you have done before, and is not similar to your institutions' in-house capabilities, but is something that your institution feels comfortable estimating, the risk factor is 8.



The third category is for elements for which you have information that when scaled can give insight into the cost of an element or series of elements.  The cost risk factor for this category is 10.  An example of the appropriate use of this category would be the U.S. ATLAS barrel cryostat.  This cryostat is similar to the SLD barrel cryostat.  We have talked to the people who built the SLD barrel cryostat and scaled our estimates of design and construction engineering manpower from their actual costs.  If we were building a piece of assembly tooling similar to one built for SLD, and we only knew SLD's cost for the sum of it's assembly tooling, we could scale an estimate for all of U.S. ATLAS's assembly tooling from this and then scale a cost for the individual items accordingly.  If we did this, the appropriate cost risk factor would be 10.



The fourth category is for elements for which you have made a more or less educated guess.  For example, using your judgment as an engineer or physicist on installation manpower for inserting the feedthroughs.  If you have had experience of a similar nature, but not necessarily installing another feedthrough, and feel comfortable estimating the labor type and quantity necessary to perform this function, a cost risk factor of 15 would be appropriate.



If you do not have suitable background or experience to estimate an item, don't estimate it yourself, ask someone with more appropriate experience to estimate it for you.  If you do it yourself anyway, you can see how in some cases the appropriate contingency could be thousands of per cent and all the guidelines in the world for establishing contingency wouldn't do any good!



3.	Schedule Risk:  If a delay in the completion of the element could lead to a delay in a critical path or near critical path component, the schedule risk is 8.  If a delay in the completion of the element could cause a schedule slip in a subsystem which is not on the critical path, the schedule risk is 4.  Only elements where a delay in their completion would not affect the completion of any other item have schedule risks of 2.



4.	Design Risk:  Directly related to the maturity of the design effort.  When the element design is nearly complete, quantity counts and parts lists finished, the risk associated with design maturity is for all intents and purposes nil; therefore a risk factor of 0 is applied.  This is also the case when the element is an "off-the-shelf" item and the parts counts and quantities are finalized.  When the element is still just an idea or concept, with crude sketches the only justification for the cost estimate, the risk associated with design state is high or 15.  Between these two extremes are the stages of conceptual design and preliminary  design.  In conceptual design, when layout drawings of the entire element are approaching completion, some preliminary scoping analyses have been completed, and parts counts are preliminary, the design risk factor is 8.  During preliminary design, when there are complete layout drawings, some details worked out, complete parts counts, and some analysis for sizing and showing design feasibility, the appropriate design risk is 4.



B.	Weighting Factors



1.	The weight applied to the risk factors depends on whether their are multiple or single risks involved in completing an element.  The weights applied to technical risk depend on whether the element requires you to push the current state-of-the-art in design, manufacturing, or both.  Obviously, if the element requires you to push both, the weight to be applied is high, or 4; if either the design or manufacturing  are commonplace, the weighting factor is 2.



a)	For cost weights, the two factors are material costs and labor costs.  If either of these are in doubt, but not both, the weight to be applied to cost risk is 1.  If they are both in doubt, the weight applied is 2.



b)	The weight factor given to schedule risk is always 1.



c)	The weight factor given to design risk is always 1 and so is not shown explicitly.



C.	Procedures



1.	Base Cost Estimate:  The estimated cost of doing things correctly the first time; UNLESS from past experience you are fairly certain that it will take more time.  In other words, contingency is NOT be included in the base cost.



2.	Cost Contingency:  The amount of money, above and beyond the base cost, that is required to ensure the project's success. This money is used only for omissions and unexpected difficulties that may arise.  Contingency funds are controlled by the Project Manager because they are explicitly part of the total U.S. ATLAS cost estimate.



3.	The procedure for estimating contingency is:



a)	Compare the conceptual state of the element with Table 2 to determine risk factors.  A technical risk factor is assigned based on the technology level of the design.  A design risk factor is assigned based upon the current state (maturity) of the design.  A cost risk factor is assigned based on the estimating methodology used to arrive at a cost estimate for that element.  Similarly, a schedule risk factor is identified based on that element's criticality to the overall schedule.



b)	Compare the potential risk within an element with Table 3 to determine the appropriate weighting factors.  



c)	Multiply the individual risk factors by the appropriate weighting factors and then sum them to determine the composite contingency percentage.



d)	Do this for each element at its lowest level.



e)	Calculate the dollar amount of contingency for an element by multiplying the base cost by the composite contingency percentage.



�TABLE 2

TECHNICAL, COST, SCHEDULE and DESIGN RISK FACTORS



Risk Factor�Technical�Cost�Schedule�Design��������0�Not used�Not used�Not used�Detail design > 50% done��������1�Existing design and off the shelf H/W�Off the shelf or catalog item�Not used�Not used��������2�Minor modifications to an existing design.�Vendor quote from established drawings.�No schedule impact on any other item�Not used��������3�Extensive modifications to an existing design�Vendor quote with some design sketches�Not used�Not used��������4�New design; nothing exotic�In-house estimate based on previous similar experience�Delays completion of  non-critical subsystem item�Preliminary design >50% done; some analysis done��������6�New design; different from established designs or existing technology�In-house estimate for item with minimal experience but related to existing capabilities�Not used�Not used��������8�New design; requires some R&D but does not advance the state-of-the-art�In-house estimate for item with minimal experience and minimal in-house capability�Delays completion of critical path subsystem item�Conceptual design phase; some drawings; many sketches��������10�New design of new technology; advances state-of-the-art�Top-down estimate from analogous programs�Not used�Not used��������15�New design; well beyond current state-of-the-art�Engineering judgment�Not used�Concept only��







TABLE 3

TECHNICAL, COST, SCHEDULE and DESIGN WEIGHTING FACTORS



�Condition�Weighting Factor������Technical�Design OR Manufacturing�2���Design AND Manufacturing�4��Cost�Material Cost OR Labor Rate�1���Material Cost AND Labor Rate�2��Schedule�Same for all�1��Design�Same for all�1��

�D.	Input format



These factors will be input on the main Access form for each WBS element.



E.	Backup Information



In most cases the Access input just described will provide the backup information for the contingency analysis.  However, sometimes multiple vendor estimates may be obtained for a single item or there may be more than one manufacturing process which could be used for fabricating the item.  In the case of multiple bids, please use the lowest qualified bid.  This means if there is a low bid which is suspect, it should be discarded in the cost estimate.  In these cases, the information should be in the cost book.





VI.	Procurement Plan

	

A.	Minor and Major Procurements



Material costs include purchasing of raw materials for fabrication and procurement of components, subassemblies and tooling from outside sources or for items estimated in a manner that only a total dollar value can be identified.  It includes detector hardware, equipment, fixturing, tooling, utilities, test equipment, assembly equipment, computer hardware, raw material and procurement processing.  The Cost Book should indicate the basis for arriving at the estimated material cost .



Two categories have been defined below which are based on the total value of the procurement item.  



¥  Minor:  Includes any single procurement action >=$50k.  Such procurements require the approval of the relevant U.S. Subsystem Manager before the purchase order is finalized.  



¥  Major:  Includes any single procurement action >$100k.  Each such item requires the approval of the U.S. ATLAS Project Manager before the purchase order is finalized.



All major procurements must be identified and listed in the following table:



Table 1

U.S. ATLAS Major and Minor Procurements



WBS

Element�Description�Contract

Value�Specification Available�RFP Released�Contract Award���������1.3.1.3.1�Barrel Cryostat�$8.7M�Sept. 1997����

	The U.S. ATLAS Project Manager will need to be satisfied that all procedures for proper bidding, quality assurance, and coordination with ATLAS have been done before approving each procurement.
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