
Mu2e 

Mu2e Accelerator Upgrades Procedures 

Steve Werkema 
Level 2 Manager: Mu2e Accelerator Upgrades 
7/8/2014 

U.S. DEPARTMENT OF 

ENEGY 
Office of 
Science 



Mu2e 

Outline 

• Cost Estimating Procedures 

• Mu2e BOEs 

• BOE Review 

• Issues 
– Review discrepancies 
– Additional External Beamline Costs 

7/8/2014 S. Werkema - Mu2e Director's Review 2 



Mu2e 

Cost Estimate Procedure 
1. Project Controls (Mike Gardner) generates a BOE report that contains an entry 

for every activity in the schedule (example on next slide).  
• Sent to every L3 manager and selected L4 managers. Posted to Mu2e-doc-3001 
• Updated Monthly  

2. L3 and L4 managers in consultation with technical experts enter the resources, 
estimate uncertainties, and estimate types into the BOE report and return it to 
project controls. 

3. Mike Gardner meets face-to-face with each L3/L4 manager to transfer the 
resource data into the schedule along with any associated schedule logic. This 
is an iterative process – adjustments are made as the schedule and cost 
estimates evolve. 

4.  L3 and L4 managers generate BOE forms that contain the justification for the 
resources loaded for each activity. 

5. The BOEs are reviewed by a BOE review team (Steve Werkema, Vladimir 
Nagaslaev, Mike Campbell, and Brian Drendel) 
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Mu2e 

BOE Report 

WBS WBS Name Activity ID Activity Name 

Most 
Likely 

Duration 

Estimate 
Type 

Activity 
Level 

Division 
/ 

Section Resource Name 

Most 
Likely 
Units 

Estimate 
Uncertainty 

Factor 

Resource 
Note Predecessors BOE 

DocDB 

475.02W.03.01.1 
Transport Controls and 
Delivery Ring Controls 47502.03.01.1.001195 

Coordinate Implementation Plan with Delivery Ring 
AIP 30 L3 AD Control System Engineer 8 0.25 G Brown 47502.03.01.1.001190 3703 

    47502.03.01.1.001200 
Purchase Network & Communication Hardware 
Implementation and Closeout 30 M4   

M&S Standard with Base Year 
FY14 5000 0.25 

Repurposed / Pro 
Card 

47502.01.02.001050, 
47502.03.01.1.001195 3703 

    47502.03.01.1.001220 Abort Link Implementation 60 L4 AD Engineering Physicist 10 0.3 A Franck 47502.03.01.1.001200 3703 
              Electronics Design Engineer 100 0.3 D McArthur 47502.03.01.1.001200 3703 
              Control System Engineer 47 0.3 G Vogel 47502.03.01.1.001200 3703 

    47502.03.01.1.001230 Camac and Timing Links Implementation and Closeout 60 L4 AD Electronics Technician 40 0.3 TBD 
47502.01.02.001050, 
47502.03.01.1.001200 3703 

              Control System Engineer 10 0.3 G Vogel 
47502.01.02.001050, 
47502.03.01.1.001200 3703 

    47502.03.01.1.001240 Network Installation Implementation and Closeout 60 L4 AD Electronics Technician 16 0.3 S Conlon 47502.03.01.1.001200 3703 
              Control System Engineer 8 0.3 G Brown 47502.03.01.1.001200 3703 

475.02W.03.01.2 
Mu2e Experimental Hall 
Controls 47502.03.01.2.001090 Purchase Controls Hardware 30 M3   

M&S Standard with Base Year 
FY14 31000 0.15   

47502.01.02.001050, 
FY18B02 3553 

    47502.03.01.2.001110 Purchase Network and Communication Hardware 30 M3   
M&S Standard with Base Year 
FY14 45800 0.15   

47502.01.02.001050, 
FY18B02 3553 

    47502.03.01.2.001130 Pull Innerduct 4 M4   Electrician 128 0.3 
Assumes 4 day pull 
for 4 workers 

47502.03.01.2.001110, 
47502.03.01.2.001120 3553 

    47502.03.01.2.001140 Pull Cable CrossGallery(Xgal) to Mu2e 5 M4   Electrician 160 0.3 
5 day pull for 4 
workers 

47502.03.01.2.001130, 
47502.03.01.2.001100, 
47502.03.01.2.001090 3553 

    47502.03.01.2.001150 Pull Cable AP30 to Mu2e 3 M4   Electrician 96 0.3 
3 day pull for 4 
workers 

47502.03.01.2.001140, 
47502.03.01.2.001100, 
47502.03.01.2.001090 3553 

    47502.03.01.2.001160 Terminate Connectors 20 M4   Electrician 64 0.3 Fiber Terminations 

47502.03.01.2.001150, 
47502.03.01.2.001140, 
47502.03.01.2.001130 3553 

    47502.03.01.2.001170 Controls Infastructure 60 L3 AD Electrical Technician 47 0.2 M Colburn (FIRIS) 47502.03.01.2.001160 3553 
                94 0.2 TBD 47502.03.01.2.001160 3553 
              Control System Engineer 14 0.2 G Vogel 47502.03.01.2.001160 3553 
                    A Franck 47502.03.01.2.001160 3553 
    47502.03.01.2.001180 Network Infastructure 60 L3 AD Electrical Technician 9 0.2 S Conlon 47502.03.01.2.001160 3553 
              Control System Engineer 5 0.2 G Brown 47502.03.01.2.001160 3553 
    47502.03.01.2.001190 HRM Installation 60 L3 AD Electrical Technician 188 0.2 TBD 47502.03.01.2.001160 3553 
              Control System Engineer 4 0.2 G Vogel 47502.03.01.2.001160 3553 
              Computing Services Specialist 64 0.2 TBD 47502.03.01.2.001160 3553 
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This is a small portion of the Instrumentation and Controls part of the BOE report 
– all of the required information is entered in this example. 



Mu2e 

Access to Mu2e BOEs 
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Mu2e Accelerator BOEs 
are accessible from the 
Accelerator page on the 
review web site: 
http://mu2e.fnal.gov/public/project/
reviews/cd2dir-review/accel.shtml 

The Mu2e doc # links 
take you to the Mu2e 
doc DB item containing 
the BOE and supporting 
documents. 

http://mu2e.fnal.gov/public/project/reviews/cd2dir-review/accel.shtml
http://mu2e.fnal.gov/public/project/reviews/cd2dir-review/accel.shtml
http://mu2e.fnal.gov/public/project/reviews/cd2dir-review/accel.shtml
http://mu2e.fnal.gov/public/project/reviews/cd2dir-review/accel.shtml
http://mu2e.fnal.gov/public/project/reviews/cd2dir-review/accel.shtml


Mu2e 

BOE Doc DB contents 
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BOE Form  
(Often there are 
more than one) 

Supporting Documents 

BOE Review and Response 

BOE Report spreadsheet 



Mu2e 

Mu2e BOE – Page 1 
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Supporting Documents – all 
available in the same doc DB item 

BOE Review 

BOE Baseline date = May 1, 2014 

M&S in 2014 dollars 

Presenter
Presentation Notes
I will not show the BOE change log



Mu2e 

Mu2e BOE – Page 3ff 
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There is an entry for each 
Activity in the schedule  
 
Contingency and contingency 
rule used are cited (Called 
“Estimate Uncertainty” in 
schedule) 

Each Resource this activity is 
listed with quantities and 
justification 

. 

. 

. 



Mu2e 

BOE Review 
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This is an excerpt from a BOE 
review form for the BOE shown in 
the preceding slides. 

The BOE review checks the 
following: 
• that all the required  information is 

present and correct 
• the information given actually 

supports the cost estimate given 
• contingency rules are properly 

applied 
• resources given match the Mu2e 

schedule in P6 
• that all costs have been accounted 

for 



Mu2e 

Issues – Review Discrepancies 

The BOE reviews have uncovered many discrepancies.  

• Differences in cost , contingency, or duration between the BOE and 
the P6 schedule are: 
– Recorded in the BOE Review form 
– Communicated to Project Controls (Mike Gardner) who is keeping a 

list of schedule changes to be made after this review 
– These discrepancies should be flagged and explained in the BOE. This 

has not always been done. 

• With the exception of the External Beamline BOEs, the 
discrepancies that have been found are small. 

• In many cases, follow-up reviews have not yet been completed to 
verify that the required corrections have been made. 
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Mu2e 

Issues – Additional External Beamline Costs 
• During the process of BOE reviews it was discovered that the cost estimates for the 

External Beamline failed to completely account for all the required costs. 

• There are several indications of this error that have recently come to light: 
– External beamline total costs rolled up to less than the CD-1 cost estimate by ~$1M (CD-1 

estimate: $8.20M, Present estimate: $7.18M). Costs were expected to go up rather than down. 
Note: this could have been discovered as early as February (when we first started integrating 
costs) but was not spotted until much later. 

– BOE reviews and examination of the schedule uncovered activities without resources and large 
differences between the BOEs and the P6 schedule. Subsequent investigation by experts 
revealed several areas of substantial cost underestimation.  In particular, costs were significantly 
underestimated for magnet power supplies (475.02.07.02).  

– The cost estimate for the g-2 portion of the M4 and M5 lines presented at the g-2 Director’s 
review last month was $6.5M. Since this beamline is very similar to the portion of the M4 line 
Mu2e is building, our cost should scale from that of g-2 by the ratio of magnet counts.  Such 
scaling gives an estimated Mu2e total external beamline cost of ~$9M, which is $1.8M more 
than the present estimate.   

• An effort to update  and correct the External Beamline BOEs has been undertaken.  
Consequently, there are some significant mismatches between the  External Beamline 
BOEs  and the present versions of the Mu2e schedule and cost book. 
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Mu2e 

Issues – Additional External Beamline Costs (Continued) 

Corrective Actions: 

• We (Mike Gardner and I) have begun to build a P6 “Sandbox” 
schedule that will include the changes that have been identified.  

• We will conduct another thorough review of external beamline 
costs when our experts are available (these experts are presently 
preoccupied by the upcoming g-2 DOE review). 

• The increased external beamline costs will need to be 
compensated by reducing costs elsewhere in a way that has yet to 
be determined. 
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