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Cost Methodology!
General Procedure!

•  Activity-based RLS. M&S, labor hours, resources and 
durations established at activity level.!

•  Estimators instructed to use 85% C.L. base estimates!
•  Estimate uncertainty is added to each activity based on the 

level of design maturity. !
•   A statistical evaluation of the cost associated with risk 

exposure adds additional contingency to the Project!
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TPC =  base estimate +  
  100% estimation uncertainty + 
  statistical evaluation of risks at 80% C.L. 
  + application of burdening and escalation 
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BOEs!
•  Support the resources 

and durations in P6!
•  Include !

–  Definition of scope 
covered!

–  Supporting documents!
–  Assumptions!
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BOEs!
•  Resources !
•  Hours!
•  M&S costs !
•  Estimate type/

contingency!
•  Durations at 85% C.L.!
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BOEs!
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Often include supporting 
details!
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Contingency!
•  Contingency is the combination of estimate uncertainty and 

risk exposure.!
•  Estimate Uncertainty Rules for labor and M&S posted on 

review web site (Mu2e-doc-459)!
–  Standard rules, similar or identical to those used by other 

Fermilab projects.!
–  Do not reflect risk.!

•  Risk was addressed in a quantitative analysis process using 
a Monte Carlo!
–  Primavera Risk Analysis Tool used to evaluate cost and 

schedule risk.!
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Fermilab Estimate Uncertainty Rules!
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Code	   Type	  of	  Es,mate	  
Con,ngency	  	  

%	   Descrip,on	  
M&S	  Guidelines	  

M1	   Exis,ng	  Purchase	  Order	   0%-‐15%	   Items	  that	  have	  been	  completed	  or	  obligated.	  Non-‐zero	  con,ngency	  may	  be	  appropriate	  in	  some	  cases	  
because	  of	  poten,al	  changes	  that	  may	  occur	  over	  the	  life	  of	  the	  procurement.	  

M2	   Procurements	  for	  LOE	  /	  Oversight	  work	   0%-‐20%	   M&S	  items	  such	  as	  travel,	  soPware	  purchases	  and	  upgrades,	  computers,	  etc.	  es,mated	  to	  support	  LOE	  
efforts	  and	  other	  work	  ac,vi,es.	  

M3	   Advanced	   10%-‐20%	  
Items	  for	  which	  there	  is	  a	  catalog	  price	  or	  recent	  vendor	  quote	  based	  on	  a	  completed	  or	  nearly	  
completed	  design	  or	  an	  exis,ng	  design	  with	  liUle	  or	  no	  modifica,ons	  and	  for	  which	  the	  costs	  are	  
documented.	  

M4	   Preliminary	   20%-‐40%	  

Items	  that	  can	  be	  readily	  es,mated	  from	  a	  reasonably	  detailed	  but	  not	  completed	  design;	  items	  
adapted	  from	  exis,ng	  designs	  but	  with	  moderate	  modifica,ons,	  which	  have	  documented	  costs	  from	  
past	  projects.	  A	  recent	  vendor	  survey	  (e.g.,	  budgetary	  quote,	  vendor	  RFI	  response)	  based	  on	  a	  
preliminary	  design	  belongs	  here.	  

M5	   Conceptual	   40%-‐60%	   Items	  with	  a	  documented	  conceptual	  level	  of	  design;	  items	  adapted	  from	  exis,ng	  designs	  but	  with	  
extensive	  modifica,ons,	  which	  have	  documented	  costs	  from	  past	  projects	  

M6	   Pre-‐Conceptual	  -‐	  Common	  work	   60%-‐80%	  
Items	  that	  do	  not	  have	  a	  documented	  conceptual	  design,	  but	  do	  have	  documented	  costs	  from	  past	  
projects.	  	  Use	  of	  this	  es,mate	  type	  indicates	  liUle	  confidence	  in	  the	  es,mate.	  	  Its	  use	  should	  be	  
minimized	  when	  comple,ng	  the	  final	  es,mate.	  

M7	   Pre-‐Conceptual	  -‐	  Uncommon	  work	   80%-‐100%	   Items	  that	  do	  not	  have	  a	  documented	  conceptual	  design,	  and	  have	  no	  documented	  costs	  from	  past	  
projects.	  	  Its	  use	  should	  be	  minimized	  when	  comple,ng	  the	  final	  es,mate.	  

M8	   Beyond	  state	  of	  the	  art	   >100%	   Items	  that	  do	  not	  have	  a	  documented	  conceptual	  design,	  and	  have	  no	  documented	  costs	  from	  past	  
projects.	  	  Technical	  requirements	  are	  beyond	  the	  state	  of	  the	  art.	  	  	  	  	  

M&S	  	  
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Fermilab Estimate Uncertainty Rules!
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Code	   Type	  of	  Es,mate	  
Con,ngency	  	  

%	   Descrip,on	  
LABOR	  Guidelines	  

L1	   Actual	   0%	   Actual	  costs	  incurred	  on	  ac,vi,es	  completed	  to	  date.	  

L2	   Level	  of	  Effort	  Tasks	   0%-‐20%	   Support	  type	  ac,vi,es	  that	  must	  be	  done	  to	  support	  other	  work	  ac,vi,es	  or	  the	  en,re	  project	  effort,	  
where	  es,mated	  effort	  is	  based	  on	  the	  dura,on	  of	  the	  ac,vi,es	  it	  is	  suppor,ng.	  

L3	   Advanced	   10%-‐25%	  
Based	  on	  experience	  with	  documented	  iden,cal	  or	  nearly	  iden,cal	  work.	  	  Development	  of	  ac,vi,es,	  
resource	  requirements,	  and	  schedule	  constraints	  are	  highly	  mature.	  	  Technical	  requirements	  are	  very	  
straighdorward	  to	  achieve.	  

L4	   Preliminary	   25%-‐40%	  
Based	  on	  direct	  experience	  with	  similar	  work.	  	  Development	  of	  ac,vi,es,	  resource	  requirements,	  and	  
schedule	  constraints	  are	  defined	  at	  a	  preliminary	  (beyond	  conceptual)	  design	  level.	  	  Technical	  
requirements	  are	  achievable	  and	  with	  some	  precedent.	  

L5	   Conceptual	   40%-‐60%	  
Based	  on	  expert	  judgment	  using	  some	  experience	  as	  a	  reference.	  	  Development	  of	  ac,vi,es,	  resource	  
requirements,	  and	  schedule	  constraints	  are	  defined	  at	  a	  conceptual	  level.	  	  Technical	  requirements	  are	  
moderately	  challenging.	  

L6	   Pre-‐conceptual	   60%-‐80%	  
Based	  only	  on	  expert	  judgment	  without	  similar	  experience.	  Development	  of	  ac,vi,es,	  resource	  
requirements,	  and	  schedule	  constraints	  are	  defined	  at	  a	  pre-‐conceptual	  level.	  	  Technical	  requirements	  
are	  moderately	  challenging.	  

L7	   Rough	  Es,mate	   80%-‐100%	   Based	  only	  on	  expert	  judgment	  without	  similar	  experience.	  Development	  of	  ac,vi,es,	  resource	  
requirements,	  and	  schedule	  constraints	  is	  largely	  incomplete.	  	  Technical	  requirements	  are	  challenging.	  

L8	   Beyond	  state	  of	  the	  art	   >100%	   No	  experience	  available	  for	  reference.	  	  Ac,vi,es,	  resource	  requirements,	  and	  schedule	  constraints	  are	  
completely	  undeveloped.	  Technical	  requirements	  are	  beyond	  the	  state	  of	  the	  art.	  	  	  	  	  

Labor	  
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Total Project Cost!
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    (Values in AY $k) Performed ETC Contingency       
EU + Risk 

% Cont 
on ETC 

Total 

Project Management	   9,565 11,104 2,125 19% 22,794 

Accelerator	   11,790 29,016 9,433 33% 50,239 
Conventional 
Construction	   2,642 18,603 2,825 15% 24,070 

Solenoids	   16,743 71,225 24,322 34% 112,290 

Muon Beamline	   4,406 15,161 5,922 39% 25,490 

Tracker	   2,941 8,582 3,760 44% 15,283 

Calorimeter	   522 4,406 1,164 26% 6,092 

Cosmic Ray Veto	   1,543 5,229 1,963 38% 8,735 

Trigger & DAQ	   1,829 2,971 1,207 41% 6,007 

Total	   51,982 166,296 52,722 32% 271,000 
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Contingency!
•  Overall contingency of 32% on cost to go, but risk is not evenly distributed!
•  $39M of Project Management costs spread throughout the Project!

–  $24M cost-to-go!
–  Primarily LOE based on assigned personnel and well established 

need, so contingencies are low!
•  Example: I’m assigned at 100%. No contingency.!

–  Conventional Construction is a big ticket item with low risk that is well 
understood. We have a bid that we are about to turn into a PO. Cost 
known. !

•  If we remove PM costs and contingency, the contingency on the 
remaining cost-to-go is 35%.!

•  If we remove PM and Conventional Construction, the contingency on the 
remaining “technical scope” of the Project is 37%.!
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Scope Contingency!
•  By running at 5x lower beam power we could eliminate ~$3M of heavy 

concrete shielding around the TS and DS.!
–  Shielding is purchased late in project!
–  Shielding could be added later.!

•  The second calorimeter disk could be eliminated, deferred or provided by 
another agency or International partner. Saves ~$5M but reduces 
acceptance by ~40%.!
–  Second disk could be added later.!

•  We are pursuing additional opportunities that, if realized, would effectively 
increase available contingency!
–  other agencies provide some part of existing scope!
–  move more work from laboratory to university group!
–  potentially an additional $11M in contingency is possible!

•  More detail in Management Breakout!
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Independent Cost Estimate (ICE)!
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ICE!
•  From Draft ICE Report:!
!
“The ICE was conducted in two parts: Conventional Facilities (WBS 1.3) and 
BOP (Remainder of WBS elements). For the conventional facilities, the ICE 
was performed using a bottom-up technique—a DOE Type V ICE as defined 
in reference (a). For the BOP, a detailed cost review— a DOE Type II ICE— 
was performed concentrating on the Mu2e technical systems. The WBS 
elements for the detailed review exceeded 40% of the remainder of the total 
project cost (TPC) estimate (TPC less CF portion). Additionally, the Type II 
ICE identified the technical work key cost drivers and completed a top-down 
review of the project’s cost estimates for sufficiency and reasonableness.”!
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ICE!
Based on the results of the ICE, the ICE Team concludes the following: !
•  The project estimate appears sufficient to complete the project as planned. !
•  The cost estimating procedures and assumptions used by the Project Team are 

reasonable, and have been consistently applied in the cost estimate. !
•  The escalation rates used for the project estimate are reasonable, based on 

comparison with other DOE projects and independent studies. !
•  The ICE for conventional facilities is within 0.4% of the project estimate, so there is 

excellent agreement. !
•  The ICE Team recommends no adjustments to the cost estimate for BOP direct 

costs. The cost estimate is complete. The level of detail and backup information is 
impressive. The strength of the BOP cost estimate lies in the planning and 
definition of the work to be performed for each WBS activity. Likewise, materials 
and supplies (M&S) are very well identified. Quotes and purchase orders are 
available for all large procurements. !

•  The project schedule is well-built and provides a reasonable and valid 
representation of the sequence of work. Moreover, there is a clearly traceable 
connection between the scope described in the Basis of Estimate (BOE) 
documents and the activities in Primavera. The critical path of the Mu2e project 
schedule appears reasonable and valid. !
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ICE!

While the ICE team validated our base cost estimate, they felt 
our contingency analysis was too conservative (too high). This 
arises from an unfamiliarity with Office of Science Projects 
where contingencies of 30 – 40% are typical at CD-2.!
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Self Performed Work!
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Based	  on	  cost	  and	  
includes	  labor	  
and	  M&S	  
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Summary!
•  Detailed cost estimate developed in P6!
•  Supported by detailed BOEs and other backup information!
•  Quotes and purchase orders are available for large 

procurements.!
•  Base cost estimate validated by ICE Team.!
•  Overall contingency of 32% on cost to go. Contingency of 37% 

on remaining technical scope. !
•  Additional scope contingency available if needed.!
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