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Mu2e!

Introduction!
•  Mu2e is a compelling discovery experiment with sensitivity to 

a broad range of new physics!
–  Reach extends to 104 TeV, beyond the reach of any current or 

planned accelerator.!
•  Synergistic part of the overall muon program at Fermilab!
•  Full cost, schedule and risk analysis has been developed 

resulting in a Total Project Cost of $271M, matching the 
funding profile from OHEP.!

•  Requesting CD-2 approval for full Project along with CD-3b 
approval for the Mu2e Detector Hall and the Transport 
Solenoid Modules.!
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Mu2e Project Scope!
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Mu2e	  Project	  scope	  includes	  
•  New	  building	  to	  house	  experiment	  
•  Modifica;ons/addi;ons	  to	  

accelerator	  complex	  
•  Mu2e	  apparatus	  

!  Superconduc;ng	  Solenoids	  
!  Tracker	  
!  Calorimeter	  
!  Cosmic	  Ray	  Veto	  (not	  shown)	  
!  DAQ	  
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Additional Contributions to Mu2e!
The scope required for Mu2e to become a functioning experiment comes from 

several sources!
•  Mu2e Project!
•  NOvA Project!

–  MI-8 connection to Recycler and Recycler Injection Kicker!
•  Muon Campus common projects needed for both Mu2e and g-2!

–  MC1 building houses power supplies for Mu2e beamline, extinction system and cryo plant!
–  Beam Transport Accelerator Improvement Project (AIP)!
–  Cryo Facility AIP!
–  Delivery Ring AIP!
–  Recycler Ring RF AIP!
–  Beamline Enclosure General Plant Project (GPP)!
–  Muon Campus Infrastructure GPP!

•  In-kind contribution from INFN for significant part of calorimeter and 
contributions to the solenoids!

•  Off project work tracked in Mu2e schedule via external milestones.!
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The scope required for Mu2e to become a functioning experiment comes from 
several sources!

•  Mu2e Project!
•  NOvA Project!

–  MI-8 connection to Recycler and Recycler Injection Kicker!
•  Muon Campus common projects needed for both Mu2e and g-2!

–  MC1 building houses power supplies for Mu2e beamline, extinction system and cryo plant!
–  Beam Transport Accelerator Improvement Project (AIP)!
–  Cryo Facility AIP!
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–  Muon Campus Infrastructure GPP!

•  In-kind contribution from INFN for significant part of calorimeter and 
contributions to the solenoids!

•  Off project work tracked in Mu2e schedule via external milestones.!
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!
!
!

How Does the Experiment Work?!
What Drives the design?!
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Beam Delivery!
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•  We	  make	  muons	  by	  direc;ng	  8	  GeV	  
protons	  on	  to	  a	  target.	  

•  Batches	  of	  protons	  from	  the	  Booster	  
are	  transported	  through	  exis;ng	  
beamlines	  to	  the	  Recycler	  Ring	  where	  
they	  are	  re-‐bunched	  and	  transported	  to	  
the	  Delivery	  Ring	  through	  exis;ng	  
transport	  lines.	  

•  Beam	  is	  slow	  extracted	  from	  Delivery	  
Ring	  in	  microbunches	  of	  	  ~	  107	  protons	  
every	  1694	  ns	  through	  a	  new	  external	  
beamline	  to	  the	  Mu2e	  produc;on	  
target.	  

•  An	  ex#nc#on	  system	  removes	  residual	  
protons	  between	  microbunches.	  

•  Mu2e	  can	  run	  simultaneously	  with	  
NOvA	  and	  Booster	  Neutrino	  Program.	  
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Mu2e Apparatus!
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•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 
provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!
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Mu2e Apparatus!
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•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 
provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!

•  2 targets!
	  

Stopping	  Target	
Produc;on	  Target	
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Mu2e Apparatus!
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•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 
provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!

•  2 targets!
•  Tracker – Straw tubes!
	  

105	  MeV	  electron	  

Tracker	
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Mu2e Apparatus!
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•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 
provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!

•  2 targets!
•  Tracker – Straw tubes!
•  Calorimeter – BaF2 crystals!
	  

105	  MeV	  electron	  
Calorimeter	
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Mu2e Apparatus!
•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 

provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!

•  2 targets!
•  Tracker – Straw tubes!
•  Calorimeter – BaF2 crystals!
•  Cosmic Ray Veto – Scintillator, WLS fibers, SiPMs!
	  



Mu2e!
10/21/2014!R. Ray - DOE CD-2/3b Review!13!

Mu2e Apparatus!

4.6 T 

2.5 T 
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1 T 

•  Solenoids capture pions, form secondary muon beam, preserve timing structure, 
provide magnetic field for momentum analysis and help to reject backgrounds!
!  Most efficient way of producing an intense, low energy muon beam!

•  2 targets!
•  Tracker – Straw tubes!
•  Calorimeter – BaF2 crystals!
•  Cosmic Ray Veto – Scintillator, WLS fibers, SiPMs!
•  Warm bore of solenoids evacuated to 10-4 to 10-5 Torr.!
	  

Cosmic Ray Veto and Stopping 
Target Monitor not shown 

Proto
n	  Bea

m	  
105	  MeV	  electron	  

Tracker	


Calorimeter	


Stopping	  Target	
Produc;on	  Target	
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Mu2e Apparatus!
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Produc'on	  Solenoid	  
•  Houses	  Produc;on	  Target	  
•  Inner	  bore	  lined	  with	  a	  bronze	  and	  water	  heat	  and	  

radia;on	  shield	  to	  limit	  radia;on	  damage	  
•  Captures	  pions	  and	  accelerates	  them	  towards	  the	  other	  

solenoids	  
	  

4.6 T 

2.5 T 
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Mu2e Apparatus!
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Transport	  Solenoid	  
•  Collima;on	  system	  selects	  muon	  charge	  and	  
momentum	  range	  

•  Pbar	  window	  in	  middle	  of	  central	  collimator	  

2.5 T 

2 T 
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Mu2e Apparatus!
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Transport	  Solenoid	  
•  Collima;on	  system	  selects	  
muon	  charge	  and	  momentum	  
range	  

•  Pbar	  window	  in	  middle	  of	  
central	  collimator	  
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Mu2e Apparatus!

10/21/2014!R. Ray - DOE CD-2/3b Review!17!

Detector	  Solenoid	  
•  Graded	  upstream	  field	  to	  improve	  
acceptance	  and	  reject	  backgrounds	  

•  Uniform	  field	  downstream	  for	  
momentum	  analysis	  

10/21/2014!

1 T 

1 T 

2 T 

105	  MeV	  electron	  
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Design Drivers!
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•  High level requirements are driven by the science!
–  Background rejection!
–  High efficiency reconstruction of conversion electrons!

•  Discussed extensively in TDR Chapter 3!
–  Physics requirements listed at end of Chapter 3. !

•  These are the requirements that must be met to reject 
backgrounds to the required level and achieve the target 
sensitivity.!

–  The physics requirements flow down to the Project subsystem 
requirements and design.!
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Requirements Management!
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Table 2.2. The goal of an alternatives analysis is to choose the most efficient, cost 
effective path to satisfy the requirements. Evaluation of alternatives may be made in 
terms of the three components of a project baseline: technical performance, cost and 
schedule.  

 
Topic  Document Database Number 

Science Driven Requirements  Mu2e-doc-4381 
Proton Beam Mu2e-doc-1105 

Extinction Mu2e-doc-1175 

Extinction Monitoring Mu2e-doc-894 
Production Target Mu2e-doc-887 

Heat and Radiation Shield Mu2e-doc-1092 

Proton Beam Absorber Mu2e-doc-948 
Conventional Facilities Mu2e-doc-1088 

Production Solenoid Mu2e-doc-945 

Transport Solenoid Mu2e-doc-947 
Detector Solenoid Mu2e-doc-946 

Cryoplant Mu2e-doc-1509 

Cryo Distribution Mu2e-doc-1244 
Quench Protection Mu2e-doc-1238 

Solenoid Power System Mu2e-doc-1237 

Magnetic Field Mapping Mu2e-doc-1275 
Stopping Target Mu2e-doc-1437 

Stopping Target Monitor Mu2e-doc-1438 

Transport Solenoid Collimators Mu2e-doc-1129 
Muon Beam Stop Mu2e-doc-1351 

Vacuum System Mu2e-doc-1481 

Proton Absorber Mu2e-doc-1439 
Neutron Absorbers Mu2e-doc-1371 

Muon Beamline Shielding Mu2e-doc-1506 

Detector Support and Installation System Mu2e-doc-1383 
Pbar Window Mu2e-doc-941 

Tracker Mu2e-doc-732 

Calorimeter Mu2e-doc-864 
Cosmic Ray Veto Mu2e-doc-944 

Calibration Mu2e-doc-1182 

Trigger and DAQ Mu2e-doc-1150 

 
 
Table 2.2. List of Mu2e requirements documents. 
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Table 2.2. List of Mu2e requirements documents. 

•  Requirements	  necessary	  to	  execute	  the	  
experiment	  have	  been	  developed	  
primarily	  by	  the	  Collabora;on	  

•  Under	  configura;on	  management.	  
•  Electronically	  signed	  by	  responsible	  
par;es.	  Automa;c	  no;fica;on	  if	  
document	  is	  changed.	  	  

!  Part	  of	  Configura;on	  Management.	  
•  Signed	  version	  is	  the	  official	  document.	  
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Integration!
•  Integration is required to bring component subsystems 

together into a single functioning system.!
–  Must be built into the design process from the beginning.!

•  Integration is achieved in Mu2e via meetings, documentation, 
3D drawings and agreements between responsible parties.!

•  Completed, agreed upon interfaces are part of the final 
design of a system. !
–  In Mu2e, final designs include signed interface agreements.!

•  For the preliminary design we require that each subsystem 
have a document that identifies and defines each interface, 
both internal and external. !

•  More detail in plenary talk by K. Krempetz (Project Engineer) 
later today.!
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Example – CRV Interface Document!
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CRV	  is	  ready	  for	  
CD-‐2,	  so	  they	  have	  
a	  document	  that	  
iden;fies	  and	  
describes	  all	  
interfaces	  (docdb#	  
1551)	  
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Example – Conventional Construction Interface Document!
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Conven;onal	  Construc;on	  has	  a	  final	  design,	  so	  we	  have	  signed	  
agreements	  between	  all	  responsible	  par;es.	  Owners	  and	  relevant	  
drawings	  referenced	  (docdb	  #1537	  –	  linked	  to	  Review	  page)	  
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Example – Conventional Construction Interface Document!
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Web-‐based	  approval	  
system	  set	  up	  by	  
Configura;on	  
Manager	  (H.	  Glass)	  

40	  Interface	  agreements	  for	  Conven;onal	  
Construc;on	  
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Example – Conventional Construction Interface Document!
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Management and Organization!
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Management and Organization!
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Fermilab 
 

Director – N. Lockyer 
Deputy Director – J. Lykken 

Chief Project Officer – M. Lindgren 
 

Legend 

Reporting 

Resources 
Advisory 

Mu2e Risk  
Management Board 

Mu2e Executive 
Committee 

Mu2e Technical 
Board 

Mu2e PMG 

PAC      

Mu2e 
Spokespersons 

Mu2e Project 
 

Project Manager - R. Ray 
Deputy Project Manager - D. Glenzinski 

Project Mechanical Engineer - K. Krempetz 
Project Electrical Engineer - M. Larwill 

ES&H Coordinator - D. Hahn 
Project Controls – F. Leavell 
Project Finance – D. Knapp 

Procurement Manager – S. Gaugel 
Risk Manager – M. Dinnon 

Administrative Support – C. Kennedy 
 
 
 
 

Particle Physics Division 
 

Head – P. McBride 
Deputy – TBD 
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Management and Organization!
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L2 Managers!
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Project Office!
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•  Ron Ray    PM 
•  Doug Glenzinski   Deputy PM - outgoing 
•  Kurt Krempetz   Project Mechanical Engineer/ 

Systems Integration 
•  Marcus Larwill   Project Electrical Engineer/ 

Systems Integration 
•  Fran Leavell   Lead Project Controls 
•  David Leeb    Project Controls 
•  Halley Brown   Project Controls 
•  Mike Gardner   Project Controls 
•  Dale Knapp   Financial Officer 
•  Dee Hahn    ES&H Coordinator 
•  Cindy Kennedy   Admin support 
•  Steve Gaugel   Procurement Manager 
•  Mike Dinnon   Risk Management 
•  Hank Glass    Configuration Management 
•  Eric James    Installation and Integration Coordinator 
•  Dervin Allen   Installation and Integration Floor Manager 
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Project Office!
•  Ron Ray    PM 
•  Julie Whitmore   Deputy PM - incoming 
•  Kurt Krempetz   Project Mechanical Engineer/ 

Systems Integration 
•  Marcus Larwill   Project Electrical Engineer/ 

Systems Integration 
•  Fran Leavell   Lead Project Controls 
•  David Leeb    Project Controls 
•  Halley Brown   Project Controls 
•  Mike Gardner   Project Controls 
•  Dale Knapp   Financial Officer 
•  Dee Hahn    ES&H Coordinator 
•  Cindy Kennedy   Admin support 
•  Steve Gaugel   Procurement Manager 
•  Mike Dinnon   Risk Management 
•  Hank Glass    Configuration Management 
•  Eric James    Installation and Integration Coordinator 
•  Dervin Allen   Installation and Integration Floor Manager 
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ESH&Q!
•  Fermilab and Mu2e Project firmly committed to safety and quality. !
•  Safety integrated into Lab management at all levels.!

–  Project embedded in Lab’s line Management !
•  Oversight by Lab ESH&Q organization as well as by Division & Section ES&H 

organizations!
•  Project ES&H coordinator – Dee Hahn!
•  Integrated Safety Management Plan developed (docdb 785) !
•  Hazard Analysis Report including evaluation and mitigation of safety risks 

developed and posted (docdb 4229)!
•  NEPA approval obtained in 2012 (docdb 2274)!
•  Preliminary Shielding Assessment approval (docdb 4313)!
•  Preliminary approval of Total Loss Monitors (TLM) as a credited safety system 

(docdb 4132)!
•  Quality Assurance Program (docdb 677)!
•  Custom QA/QC plan tailored to each L2 subsystem discussed in TDR subsystem 

chapters!
•  Extensive QA plan developed for solenoid conductor!
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ESH&Q!
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•  Fermilab and Mu2e Project firmly committed to safety and quality. !
•  Safety integrated into Lab management at all levels.!

–  Project embedded in Lab’s line Management !
•  Oversight by Lab ESH&Q organization as well as by Division & Section ES&H 

organizations!
•  Project ES&H coordinator – Dee Hahn!
•  Integrated Safety Management Plan developed (docdb 785) !
•  Hazard Analysis Report including evaluation and mitigation of safety risks 

developed and posted (docdb 4229)!
•  NEPA approval obtained in 2012 (docdb 2274)!
•  Preliminary Shielding Assessment approval (docdb 4313)!
•  Preliminary approval of Total Loss Monitors (TLM) as a credited safety system 

(docdb 4132)!
•  Quality Assurance Program (docdb 677)!
•  Custom QA/QC plan tailored to each L2 subsystem discussed in TDR subsystem 

chapters!
•  Extensive QA plan developed for solenoid conductor!

•  Dedicated	  ES&H	  talk	  by	  D.	  Hahn	  in	  
Management	  Breakout	  

•  Dedicated	  QA	  talk	  by	  D.	  Glenzinski	  in	  
Management	  Breakout	  
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!
!
!
!
!

Cost and Schedule!
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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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WBS Dictionary!
•  WBS defines Project 

Scope!
•  Dictionary describes 

Scope, objective, 
deliverables and 
assumptions for each 
Control Account.!

•  Describes activities 
that make up the 
Control Account.!
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 11 

Control 
Account WBS Name WBS Extended Definition 

475.02.05 Resonant Extraction 
System 

Cost Account Manager: V. Nagaslaev 

A. Technical Objective 
The technical objective is to design, manufacture, and install the systems necessary for the resonant 
extraction of beam from the Delivery Ring synchrotron. 

B. Scope of Work Statement 
• General engineering design of the Delivery Ring resonant extraction system. 

• Design, manufacture, and installation of the resonant extraction electrostatic septum modules (two 
modules) and power supply. 

• Design, procurement, and installation of the resonant extraction tune quadrupole magnets and 
power supplies. 

• Design, manufacture, and installation of the resonant extraction harmonic sextupole magnets and 
power supplies. 

• Design, procurement/manufacture, and installation of the resonant extraction dynamic bump 
magnets and power supplies. 

• Design, manufacture, and installation of the RF knock out (RFKO) kicker and power supply. 

• Design, manufacture, and installation of the resonant extraction fast feedback devices and 
electronics. 

C. Deliverables 
• Two resonant extraction electrostatic septum modules and power supply installed plus two spare 

ESS modules (one spare of each type). 

• 3 CQA tune quadrupole magnets and power supplies.  

• 7 ISA harmonic sextupole magnets (6 + 1 spare) and power supplies. 

• RFKO kicker and power supply. 

• 4 NDB dynamic bump dipole magnets and power supplies. 

• Wall current monitor and associated feedback electronics. 
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BOEs!
•  Support the resources, 

cost, effort 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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Resource Loaded Schedule!
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•  Activity based RLS contains!
–  6885 activities!
–  4806 Work Packages!

•  3600 current budget!
•  815 contracted labor/material 

purchases!
•  391 obligations!

–  74 Control Accounts and 30 CAMs!
–  1100 milestones!
–  224 Constraints!

•  7 are accelerator shutdowns !
•  7 are Muon Campus milestones!
•  199 are reporting milestones!

•  Critical Path, Near Critical Path and sub-project Critical Paths all 
identified using the RLS.!

•  Work schedule, obligations, resource profiles are derived from the RLS!
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Rates and Assumptions!
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•  Schedule trued-up with actuals through end of April 2014 and 
statused through September 2014.!

•  Estimate developed in FY14$!
•  One person-year = 1768 hours!

–  52 weeks x 40 hrs/week x 0.85!
•  Applied burdening rates are based on where work is being 

done!
–  Every Division/Section at Fermilab has different overhead rates.!
–  Every Mu2e institution has their own rates.!
–  Rates are subject to change.!

•  Average salary rates are used for each distinct resource!
•  Escalation rates for M&S, Labor.!
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Escalation!
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FY15 FY16 FY17 FY18 FY19 FY20 FY21 

Labor 2.7% 2.8% 3.0% 3.1% 3.3% 3.4% 3.5% 

M&S 1.9% 1.9% 2.0% 2.0% 2.0% 2.0% 2.0% 

•  Labor and M&S rates from Fermilab Budget Office.!
•  Use information from the Congressional Budget Office (CBO) 

annual pricing forecast done each February!
•  CFO and Budget office interpret trends in prices and normalize for 

lab expectations and DOE funding constraints!
•  Risk Registry addresses risk that commodities (steel, 

aluminum, copper, gold) escalate faster than inflation 
(docdb 3845).!



Mu2e!

Contingency!
•  Contingency is the combination of Estimate Uncertainty and 

risk exposure.!
•  Estimate Uncertainty is based on maturity of design.!
•  Estimate Uncertainty Rules for labor and M&S posted on 

review web site (docdb 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 validate 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,	  sohware	  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	  lijle	  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	  lijle	  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	  
straighnorward	  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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Risk Management!
•  Project risks documented in risk registry!
•  Risks continuously monitored. Living document.!

–  Monitor, mitigate and retire risks as part of design and implementation 
process.!

•  Actively managing 84 risks!
–  69 Threats!
–  15 Opportunities!
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–  31 risks retired!
–  6 opportunities realized 

at a savings of $1.7M!
–  > $8.5M spent to 

mitigate risks!
•  Included in Project 

baseline cost.! High	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Moderate	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Low	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Re;red	  	  	  	  	  	  	  	  	  	  	  	  Transferred	  	  	  	  	  	  	  	  	  	  Realized	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Opportuni;es	  
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Largest Remaining Risks!
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Risk Management!
•  High and Moderate Risks have detailed individual risk forms 

describing the risk and mitigation strategies.!
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Risk Analysis!
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•  Monte Carlo performed on Risk Register to determine cost at 80% C.L.!
•  Schedule risks included and costed in analysis!

–  Cost associated with schedule risks determined using PRA!
•  Uses schedule logic and correlations!

–  PRA analysis of overall schedule risk consistent with                                         
24 months of float added to end of schedule.!

!
 !

L2 80% C.L. 
Risk 

Project 
Management 

$1265 

Accelerator $814 

Conventional 
Construction 

($637) 

Solenoids $3455 

Muon 
Beamline 

$468 

Tracker $556 

Calorimeter $51 

Cosmic Ray 
Veto 

$318 

DAQ $244 

Total $6534k 

Mean $5.9M 

σ	
 $0.65M 

80% C.L. $6.5M 
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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 

Fully	  burdened	  AY	  $k	  
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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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DOE	  ICE	  performed	  over	  past	  2	  months	  
validated	  our	  base	  cost	  es;mates.	  
	  
“The	  ICE	  Team	  recommends	  no	  adjustments	  to	  
the	  cost	  es#mate	  for	  BOP	  direct	  costs.	  The	  cost	  
es#mate	  is	  complete.	  The	  level	  of	  detail	  and	  
backup	  informa#on	  is	  impressive.	  The	  strength	  
of	  the	  BOP	  cost	  es#mate	  lies	  in	  the	  planning	  
and	  defini#on	  of	  the	  work	  to	  be	  performed	  for	  
each	  WBS	  ac#vity.	  Likewise,	  materials	  and	  
supplies	  (M&S)	  are	  very	  well	  iden#fied.	  Quotes	  
and	  purchase	  orders	  are	  available	  for	  all	  large	  
procurements.”	  

Total Project Cost!
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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.!
•  We do have a risk that more Project Management might be 

needed.!
–  Conventional Construction is a big ticket item with low risk that is well 

understood. Similar to other recent construction on site. We have a bid 
that we are about to turn into a PO. Cost known. !

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

•  If we exclude PM and Conventional Construction, the contingency on the 
remaining “technical scope” of the Project is 37%.!

10/21/2014!R. Ray - DOE CD-2/3b Review!51!



Mu2e!

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 ~$4M while reducing 
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 groups!

•  Potentially an additional $10M in contingency is possible!
•  Active management of scope contingency as we retire risks and re-

evaluate opportunities could free up more. !
•  More detail in Management Breakout!
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Cost Breakdown by L2!
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Project	  
Management	  

Accelerator	  

Conven;onal	  
Construc;on	  Solenoids	  

Base	  Costs	  in	  AY	  $k	  

Muon	  
Beamline	  
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Cost Breakdown!

10/21/2014!R. Ray - DOE CD-2/3b Review!54!

Direct	  vs.	  Indirect	  Costs	  

Resource	  Type:	  Base	  Cost	  (AY	  k$)	  
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Quality of Estimate!
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88%	  of	  cost	  at	  or	  beyond	  Preliminary	  level	  

$51,982(
24%(

$22,638(
10%(

$59,652(
27%(

$58,820(
27%(

$23,609(
11%(

$1,341(
1%( $236(

0%(
L1(Actual(/(M1(Exis<ng(P.O.(

L2(LOE(Task(/(M2(Procurements(
for(LOE/Oversight(Work(

L3(/(M3((Advanced(

L4(/(M4(Preliminary(

L5(/(M5(Conceptual(

L6(/(M6(PrePConceptual(

L7(/(M7(Rough(Es<mate(PreP
Conceptual(P(Uncommon(Work(

Base	  Cost	  -‐	  AY	  $K	  
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Labor Resources!
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Agreement	  with	  Fermilab	  Divisions	  for	  required	  resources	  in	  FY15	  
Most	  scien;fic	  and	  engineering	  resources	  iden;fied	  by	  name	  	  

363	  FTEs	  from	  now	  
to	  comple;on	  

FY14	  Actuals	  



Mu2e!

Scientists!
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Scien'fic	  Labor	  (Hours)	  
Includes	  Lab	  and	  University	  Scien;sts	  

• Un-‐costed	  scien;sts	  are	  included	  
in	  RLS	  if	  they	  are	  required	  to	  
sa;sfy	  CD-‐4	  
!  L3	  or	  L4	  managers	  
!  Scien;sts	  performing	  simula;ons	  
needed	  for	  design.	  

Costed	  (40	  FTE)	  

Un-‐costed	  (57	  FTE)	  



Mu2e!

Resource Availability!
•  Significant Fermilab resources required for success of Project, 

particularly for Solenoids, Accelerator, Muon Beamline.!
–  Have generally been successful in securing needed resources, 

but not always.!
•  Lots of other projects at Fermilab, sometimes with competing needs!

–  Occasionally have to look outside the Lab for resources. We 
have been very successful in doing this when necessary.!

•  RAL!
•  Bartoszek Engineering!
•  Argonne cryo group!
•  New cryo hires!

•  Lab Management is working hard to understand resource 
needs, level resources and establish well communicated 
priorities – One of CPOs primary responsibilities.!
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Obligation and Funding Profile!
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Fiscal	  Year	   2010	   2011	   2012	   2013	   2014	   2015	   2016	   2017	   2018	   2019	   2020	   Total	  
OPC	  	  -‐	  R&D	   0.5	   0.5	   1	   2.5	  	  	   	  	   	  	   	  	   	  	   	  	   	  	   4.5	  
OPC	  -‐	  Design	   4.3	   7.9	   7	  	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   19.2	  
TEC	  -‐	  PED	   	  	   	  	   24	   8	   15	  	  	   	  	   	  	   	  	   	  	   	  	   47	  
TEC	  -‐	  Construc'on	   	  	   	  	   	  	   	  	   20	   25	   35.1	   45.6	   46	   28.6	  	  	   200.3	  
Total	  Project	  Cost	  	   4.8	   8.4	   32	   10.5	   35	   25	   35.1	   45.6	   46	   28.6	   0	   271	  

AY
	  $
k	  

AY
	  $
k	  

AY
	  $
k	  

Obliga;ons	  (Base	  cost)	  
Cumula;ve	  Obliga;ons	  
Cumula;ve	  Funding	  

Funding	  +	  Carryover	  
Base	  +	  Con;ngency	  
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Degree of Project Definition!
•  No unique definition!
•  Based on DOE Cost Estimating Guide we 

have a Class 2 estimate for which engineering 
should be 30 - 70% complete.!
–  “Class 2 estimates are generally prepared 

to form a detailed contractor control 
baseline against which all Project work is 
monitored.”!

•  We looked at the number of performed design 
hours (engineers, designers, drafters, 
scientists) compared to the entire design 
process. Contract engineering included.!
–  Design is not necessarily a linear process.!
–  Based on this metric, the design process 

is 58% complete when weighted by cost.!
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L2 Project 
Definition 

Accelerator 77% 

Conventional 
Construction 

100% 

Solenoids 55% 

Muon 
Beamline 

43% 

Tracker 60% 

Calorimeter 40% 

Cosmic Ray 
Veto 

66% 

DAQ 60% 

Total 58% 
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Tailoring Strategy!
•  CD-3a for long-lead solenoid conductor!

–  Granted July 10, 2014!
•  CD-2 for entire Project and CD-3b for the Detector Hall and 

Transport Solenoid Modules!
–  This Review!

•  CD-3c approval in mid FY16.!
–  Timed to keep the solenoids moving on a technically limited 

schedule since they define the critical path.!
–  Most final designs will be complete by CD-3c, but a few will not.!

•  The designs that are not complete will be well along and the risk 
associated with the remaining design is small.!

–  Final Design Plan is available on the Review web page.!
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CD Milestones!
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Major Milestone Events Preliminary 
Schedule 

CD-0 (Approve Mission Need) 1st Qtr, FY10 (A) 
CD-1 (Approve Alternative Selection and Cost Range) 4th Qtr, FY12 (A) 
CD-3a (Approve Start of Long-lead Procurement) 4th Qtr, FY14 (A) 
CD-2 (Approve Performance Baseline) 1st Qtr, FY15 
CD-3b (Start of Phased Construction/Fabrication) 1st Qtr, FY15 
CD-3c (Approve Start of Construction) 2d Qtr, FY16 
Key Performance Parameters Satisfied 1st Qtr, FY21 
CD-4 (Includes 24 months of programmatic float) 1st Qtr, FY23 

	  
•  CD	  date	  is	  defined	  as	  official	  sign-‐off.	  	  	  
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Schedule!

Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

	  FY15	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY16	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY17	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY18	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY19	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY20	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY21	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY22	  

CD-‐2/3b	   Project	  Complete	  

Detector	  Pre-‐Produc;on	  Prototypes	  and	  Construc;on	  

Accelerator	  and	  Beamline	  Construc;on	  	  

Solenoid	  Infrastructure	  

Solenoid	  
Installa;on	  and	  
Commissioning	  

KPPs	  Sa;sfied	  

Solenoid	  Fabrica;on	  and	  QA	  

Solenoid	  Design/Prototypes	  

Accelerator	  
Commissioning	  
(off	  Project)	  

CD-‐3c	  

Fabricate	  and	  	  QA	  Superconductor	  

Detector	  Hall	  Construc;on	  

Cosmic	  Ray	  System	  Test	  

CD-‐4	  

24	  months	  of	  schedule	  float	  
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Critical Path!

	  FY14	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY15	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY16	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY17	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY18	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY19	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY20	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY21	  

Commissioning	  Ac;vi;es	  

Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

TS	  Final	  Design	  

TS	  Module	  Procurement	  Ac;vi;es	  

PO	  issued	  for	  TS	  Module	  Fabrica;on	  

Vendor	  Fabricates	  TS	  Modules	  

Test	  TS	  Modules	  

Installa;on	  Ac;vi;es	  

KPPs	  Sa;sfied	  

Finished	  Tes;ng	  TS	  Modules	  

Solenoid	  Installa;on	  Complete	  and	  Ready	  for	  cooldown	  	  

Assemble/Test	  TSd	  

Detailed	  Ganj	  Chart	  of	  cri;cal	  path	  posted	  on	  Review	  web	  page	  
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Critical Path!

	  FY14	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY15	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY16	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY17	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY18	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY19	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY20	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FY21	  

Commissioning	  Ac;vi;es	  

Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	   Q1	   Q2	   Q3	   Q4	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

TS	  Final	  Design	  

TS	  Module	  Procurement	  Ac;vi;es	  

PO	  issued	  for	  TS	  Module	  Fabrica;on	  

Vendor	  Fabricates	  TS	  Modules	  

Test	  TS	  Modules	  

Installa;on	  Ac;vi;es	  

KPPs	  Sa;sfied	  

Finished	  Tes;ng	  TS	  Modules	  

Solenoid	  Installa;on	  Complete	  and	  Ready	  for	  cooldown	  	  

Assemble/Test	  TSd	  

Detailed	  Ganj	  Chart	  of	  cri;cal	  path	  posted	  on	  Review	  web	  page	  

Assumes	  single	  vendor	  and	  test	  
facility.	  Opportuni;es	  being	  
pursued	  to	  split	  fabrica;on	  and	  
test	  at	  mul;ple	  sites.	  
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CD-3b Request – Detector Hall!
•  We are requesting CD-3b for the Mu2e Detector Hall and the 

Transport Solenoid Modules.!
•  Recommendation from DOE CD-1 Review to accelerate 

procurement of building!
–  “Consider accelerating the start of civil construction to take advantage 

of the recent aggressive construction market conditions”!
•  We have bids on the detector hall from a well known contractor at 

a good price, so this strategy has worked. !
•  Detector Hall Design is 100% complete.!
•  100% drawings from the A&E completed several months ago!
•  Interfaces defined and signed off!
•  Bids in hand!
•  Ready to go.!
!

!
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CD-3b Request – Detector Hall !
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•  Building	  interfaces	  
well	  understood.	  	  

•  Solenoid	  
dimensions	  stable	  
for	  several	  years.	  

•  Confident	  that	  this	  
is	  the	  building	  we	  
need.	  
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CD-3b Request – TS Modules!
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•  TS Modules are on the critical path.!
–  Delay of TS Modules to CD-3c delays the overall Project by 10 months!

•  TS Module design 90% complete. 70% of drawings complete.!
–  List of remaining drawings presented in Solenoid Breakout!

•  2 TS conductor coils inserted inside an aluminum shell.!
–  27 Modules in all!
–  Natural extension of CD-3a decision that approved procurement of 

long-lead conductor. TS conductor fabrication currently underway.!
•  Remaining TS Module design work well understood. !
•  Overall solenoid designs stable!
•  Risk on remaining design work is low.!
•  Nearly complete prototype module. Detailed test plan.!
•  See M. Lopes’ breakout talk!
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CD-3b Request – TS Modules!
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ground	  insula;on	  

coil	  

pure	  Al	  sheet	  
for	  coil	  cooling	  

wedge	  

cooling	  tube	  coil	  leads	  
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CD-3b Request – TS Modules!
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•  Two	  coils	  are	  inserted	  into	  an	  
aluminum	  shell	  to	  form	  a	  module.	  	  

•  INFN	  collabora;ng	  on	  prototype.	  
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CD-3b Request – TS Modules!
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Modules	  are	  fully	  tested	  in	  test	  
cryostat	  at	  Fermilab.	  
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CD-3b Request – TS Modules!
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Modules	  are	  assembled	  
into	  cold	  mass	  

Assembled	  cold	  mass	  is	  
installed	  in	  cryostat.	  	  
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CD-3b Request!
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Base Cost Contingency Total 
Detector Hall $13M $2.4M $15.4M 
TS Modules $5.9M $3.0M $8.9M 
Total $18.9M $5.4M $24.3M 

•  We have the money in hand to make these purchases. We 
just need the authority to proceed.!
•  Want to proceed immediately on Detector Hall.!
•  Need PO in place for TS Modules by April to maintain schedule.!
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Proposed 
Baseline 
Schedule!
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2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 FY2023

T2 - DOE CD-1 Approval; release of PED funding
Assemble Technical Design Report [TDR]

Perform final design of cold mass components
T1 - DOE CD-3a Approval

Prepare TS modules fabrication bid package
T5 - Design of TS Cold Mass completed

Create and process requisition for TS module fabrication
T5 - DOE CD-2/3b Approval

Vendors prepare proposals for TS module fabrication
Evaluate vendor proposals for TS module fabrication
T4 - Vendor for TS module fabrication selected

Prepare contract award for TS module fabrication
Issue PO for Vendor to fabricate TS modules (Obligation)
T5 - PO issued for TS module fabrication

Vendor fabricates TS Modules
T5 - DOE CD-3c Approval

Vendor delivers TS module 1
Acceptance Tes t #1 for TS module 1 @ Bench

Acceptance Cold Test #1 for TS module 1 @ Cryostat
Test #2 - Cryostat: TS Modules 2 & 3

Test #3 - Cryostat: TS Modules 4 & 5
Test #4 - Cryostat: TS Modules 6 & 7

Test #5 - Cryostat: TS Modules 8 & 9
Test #6 - Cryostat: TS Modules 10 & 11

Test #7 - Cryostat: TS Modules 12 & 13
T4 - Finished testing all TSu modules

Test TS Module facility maintenance
Test #8 - Benchwork: TS Module 14

Test #9 - Benchwork: TS Modules 15 & 16
Test #10 - Benchwork: TS Modules 17 & 18

Test #11 - Benchwork: TS Modules 19 & 20
Test #12 - Benchwork: TS Modules 21 & 22

Test #13 - Benchwork: TS Modules 23 & 24
Test #14 - Benchwork: TS Modules 25, 26 & 27

Test #14 - Cryostat: TS Modules 25, 26 & 27
T4 - Finished testing all TSd modules

PP: Assemble TSd Magnet - Labor
PP: Test TSd Magnet - Labor
Complete TS test report

Prepare TSd magnet for installation and delivery to the Mu2e Experimental Hall
Deliver TSd magnet to the Mu2e Experimental Hall
T4 - TSd magnet ready for installation
Receive TSd Magnet at Mu2e Experimental Hall
Prepare TSd and frame for installation
Mount TSd magnet to TSd support frame
Install TSd magnet and frame
Perform preliminary checkout on TSd
Prepare magnet cryogenic interconnect components
Perform splice of PS magnet cable to PS transfer line cable
Perform checkout on PS splice
Perform splice of TSu magnet cable to TSu transfer line cable
Perform checkout on TSu splice
Perform splice of TSd magnet cable to TSd transfer line cable
Complete assembly of PS cryogenic interconnect
Leak check PS cryogenic interconnect
Complete assembly of TSu cryogenic interconnect
Leak check TSu cryogenic interconnect
Complete assembly of TSd cryogenic interconnect
Leak check TSd cryogenic interconnect
Complete assembly of DS cryogenic interconnect
Leak check DS cryogenic interconnect

Perform final checkout on complete solenoid system
Conduct 5032 Cryo reviews
Obtain ORC
T5 - Solenoid system installation complete and ready for cooldown
Prepare system for cooldown
Cooldown PS magnet
Cooldown TSu magnet
Cooldown TSd magnet
Cooldown DS magnet
Perform cold checkout of system
Energize PS magnet
De-energize PS magnet
Energize TSu magnets
Energize TSd magnets
De-energize TS magnets
Energize DS magnet
De-energize DS magnet
Energize all magnets and all combinations (KPP met)
T5 - Cosmic Ray System Test Complete
T5 - KPP 3 - Detector System is Ready for Commissioning
T5 - KPP 2 - Superconducting Solenoid System Capable
Perform preliminary PS field map
DAQ and Electronics
T4 - Implementation Tasks Complete (Ready for Verification that Key Performance Criteria are met)
T4 - Ready for Operations
T5 - Mu2e Extinction Systems Installation and Close-out Complete
T5 - Mu2e External Extinction Monitoring Installation Complete
T5 - External Extinction Monitor Installation Complete
T4 - CD-4 Documentation Ready for Director's Review
T5 - Key Performance Parameters Achieved
T5 - KPP 1 - Beamline is Ready for Commissioning
Fermilab CD-4 Director's Review
Modify Project Documents following Director's CD-4 Review
DOE performs CD-4 Review

DOE CD-4 evaluation period
T5 - DOE CD-4 Approval

T0 - DOE CD-4 Approval

Mu2e Driving Critical Path Major Miles 
Portrait

10/9/14 18

Remaining Level of Effort
Actual Work

Remaining Work
Critical Remaining Work

Milestone
Summary

Page 1 of 1 TASK filter: LOE Anchors and Major Milestones.

© Primavera Systems, Inc.

Issue	  PO	  for	  TS	  Modules	  
in	  April	  2015,	  based	  on	  
CD-‐3b	  approval	  

Project	  Complete	  in	  
November,	  2020	  

Proposed	  Schedule	  based	  on	  
CD-‐3b	  Approval	  for	  TS	  
Modules	  
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Impact of delaying 
TS Modules to 
CD-3c!

Issue	  PO	  for	  TS	  Modules	  
in	  Feb.	  2016,	  based	  on	  
an;cipated	  CD-‐3c	  
approval	  

Project	  Complete	  in	  September	  
2021,	  10	  months	  later.	  
•  Increased	  cost	  
•  Compe;;on	  from	  Japan	  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 FY2023

T2 - DOE CD-1 Approval; release of PED funding
Assemble Technical Design Report [TDR]
T1 - DOE CD-3a Approval

Final Optics Design
T5 - DOE CD-2/3b Approval

Final Design -  target scan optics
Final Design - Motorized Magnet Supports
T5 - Accelerator Final Design Complete
T5 - Mu2e External Beamline Final Design Complete
T5 - External Beamline Magnet Design Complete
T4 - Accelerator ready for CD-3c Director's Review
T4 - Documentation Ready for CD-3c Director's Review

CD-3c Director's Review
DOE Performs CD-3c Review

DOE CD-3c evaluation period
T5 - DOE CD-3c Approval
T5 - Solenoids receives CD-3c approval
Issue PO for Vendor to fabricate TS modules (Obligation)
T5 - PO issued for TS module fabrication

Vendor fabricates TS Modules
Vendor delivers TS module 1

Acceptance Tes t #1 for TS module 1 @ Bench
Acceptance Cold Test #1 for TS module 1 @ Cryostat

Test #2 - Cryostat: TS Modules 2 & 3
Test #3 - Cryostat: TS Modules 4 & 5

Test #4 - Cryostat: TS Modules 6 & 7
Test #5 - Cryostat: TS Modules 8 & 9

Test #6 - Cryostat: TS Modules 10 & 11
Test #7 - Cryostat: TS Modules 12 & 13
T4 - Finished testing all TSu modules

Test TS Module facility maintenance
Test #8 - Benchwork: TS Module 14

Test #9 - Benchwork: TS Modules 15 & 16
Test #10 - Benchwork: TS Modules 17 & 18

Test #11 - Benchwork: TS Modules 19 & 20
Test #12 - Benchwork: TS Modules 21 & 22

Test #13 - Benchwork: TS Modules 23 & 24
Test #14 - Benchwork: TS Modules 25, 26 & 27

Test #14 - Cryostat: TS Modules 25, 26 & 27
T4 - Finished testing all TSd modules

PP: Assemble TSd Magnet - Labor
PP: Test TSd Magnet - Labor
Complete TS test report

Prepare TSd magnet for installation and delivery to the Mu2e Experimental Hall
Deliver TSd magnet to the Mu2e Experimental Hall
T4 - TSd magnet ready for installation
Receive TSd Magnet at Mu2e Experimental Hall
T5 - Cosmic Ray System Test Complete
T5 - KPP 3 - Detector System is Ready for Commissioning
Prepare TSd and frame for installation
Mount TSd magnet to TSd support frame
Install TSd magnet and frame
Perform preliminary checkout on TSd
Prepare magnet cryogenic interconnect components
Perform splice of PS magnet cable to PS transfer line cable
Perform checkout on PS splice
Perform splice of TSu magnet cable to TSu transfer line cable
Perform checkout on TSu splice
Perform splice of TSd magnet cable to TSd transfer line cable
Complete assembly of PS cryogenic interconnect
Leak check PS cryogenic interconnect
Complete assembly of TSu cryogenic interconnect
Leak check TSu cryogenic interconnect
Complete assembly of TSd cryogenic interconnect
Leak check TSd cryogenic interconnect
Complete assembly of DS cryogenic interconnect
Leak check DS cryogenic interconnect

Perform final checkout on complete solenoid system
Conduct 5032 Cryo reviews
Obtain ORC
T5 - Solenoid system installation complete and ready for cooldown
Prepare system for cooldown
Cooldown PS magnet
Cooldown TSu magnet
Cooldown TSd magnet
Cooldown DS magnet
Perform cold checkout of system
Energize PS magnet
De-energize PS magnet
Energize TSu magnets
Energize TSd magnets
De-energize TS magnets
Energize DS magnet
De-energize DS magnet
Energize all magnets and all combinations (KPP met)
T5 - KPP 2 - Superconducting Solenoid System Capable
Perform preliminary PS field map
DAQ and Electronics
T4 - Implementation Tasks Complete (Ready for Verification that Key Performance Criteria are met)
T4 - Ready for Operations
T5 - Mu2e Extinction Systems Installation and Close-out Complete
T5 - Mu2e External Extinction Monitoring Installation Complete
T5 - External Extinction Monitor Installation Complete
T4 - CD-4 Documentation Ready for Director's Review
T5 - Key Performance Parameters Achieved
T5 - KPP 1 - Beamline is Ready for Commissioning
Fermilab CD-4 Director's Review
Modify Project Documents following Director's CD-4 Review
DOE performs CD-4 Review

DOE CD-4 evaluation period
T5 - DOE CD-4 Approval

T0 - DOE CD-4 Approval

Mu2e Driving Critical Path Major Miles 
Portrait

10/9/14 18

Remaining Level of Effort
Actual Work

Remaining Work
Critical Remaining Work

Milestone
Summary

Page 1 of 1 TASK filter: LOE Anchors and Major Milestones.

© Primavera Systems, Inc.

Schedule	  without	  CD-‐3b	  
Approval	  for	  TS	  Modules	  
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Status of Recommendations!

•  184 Recommendations/Action Items total.!
•  179 Closed.  5 Open.!
•  Detailed talk in Management Breakout.!
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Review Total no.  Open 
Director’s pre-CD-2/3b review 53 3 
DOE CD-3a review 2 1 
DOE Briefing (Feb2014) 3 0 
DOE Briefing (Sep2014) 1 0 
DOE mini-review (Apr2013) 1 0 
DOE mini-review (Nov2012) 3 0 
DOE-CD-1 review 24 1 
Director’s pre-CD-1 review 49 0 
Independent Design Review 48 0 
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KPPs!
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Key Parameters Threshold Performance Objective Performance 

Accelerator All accelerator components, RF and resonant extraction 
components are installed and tested at specified voltages 
and currents.  
 
The production target and support hardware is complete, 
delivered to Fermilab and ready for installation. Heat and 
Radiation Shield is installed in Production Solenoid.  
 
Shielding designed for 1.5 kW operation delivered to 
Fermilab and ready for installation 

Protons are delivered to the diagnostic 
absorber in the M4 beamline. 
 
Shielding designed for 8 kW operation 
delivered to Fermilab and ready for 
installation. 
 
 
 
 
 

Superconducting 
Solenoids 

The Production, Transport and Detector Solenoids have 
been cooled and powered to the settings necessary to 
take physics data. 

The Production, Transport and Detector 
Solenoids have been cooled and 
powered to their nominal field settings.  

Detector Components Cosmic ray tracks are observed in the Tracker, 
Calorimeter and a subset of the Cosmic Ray Veto and 
acquired by the Data Acquisition System after they are 
installed in the garage position behind the DS. The 
balance of the CRV counters are at Fermilab and ready 
for installation. 
 

The cosmic ray data in the detectors is 
acquired by the Data Acquisition 
System, reconstructed in the online 
processors, visualized in the event 
display and stored on disk. 

Objec;ve	  KPPs	  are	  preferred	  outcome	  and	  are	  costed.	  
Threshold	  KPPs	  s;ll	  allow	  for	  good	  physics	  
Details	  in	  Management	  Breakout	  
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!
!
!
!
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EVMS!
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EVMS!
•  All CAMS have received EVMS training.!
•  Have been statusing the schedule since January!
•  Most statusing is done face-to-face between CAM and 

Project Controls leads.!
•  Cost and schedule trued up to actuals through April.!
•  Cost Performance Reports generated for April - September 

and included in Monthly Reports (available from Review web 
page).!
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EVMS – Report by L2 - June through Sept!
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Earned Value Report for September by Control Account!
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Overall Performance!
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Tools	  are	  all	  in	  place	  and	  working	  
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CD-2 Requirements!
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CD-2 Requirements!
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Summary of Major Requirements

Delegation Allowed

S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Approve updated Acquisition Strategy if changes are major
S-2

(CD-1 to 4 delegated, see 
SC-1

with SC-28 concurrence
SC-1

with SC-28 concurrence
SC-1

with SC-28 concurrence
SC-AD

with SC-28  concurrence
SC-AD

with SC-28 concurrence

Establish a Performance Baseline (PB) FPD  FPD  FPD  FPD FPD FPD

Approve updated PEP S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Prepare a Baseline Fund. Profile & reflect in budget docs. 
& PEP.  Consider full funding if TPC < $50M S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Approval of Long-Lead Procurement S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Develop Project Management Plan, if applicable N/A N/A N/A N/A N/A N/A

Complete Preliminary Design Project Project Project Project Project 

Incorporate High Perf. & Sustainable Bldg. & Sustainable 
Environmental Stewardship Project Project Project Project Project Project 

Conduct a Preliminary Design Review Team external to project Team external to project Team external to project Team external to project Team external to project Team external to project

Complete Preliminary Design Report Project Project Project Project Project Project 

Perform Baseline Validation Review ICE by OECM
with OPA

ICE by OECM
with OPA

ICE by OECM
with OPA SC-28  SC-28  SC-28  

Conduct a Project Definition Rating Index analysis as part 
of an EIR N/A N/A N/A N/A N/A N/A

Conduct a Technical Readiness Assessment & develop a 
Technical Maturation Plan N/A N/A N/A N/A N/A N/A

Employ an EVMS compliant with ANSI/EIA-748A, or as 
defined in the contract Contractor Contractor Contractor Contractor Contractor N/A

TOTAL PROJECT COST (TPC) $750M or more Less than $750M to $400M   Less than $400M to $100M Less than $100M to $50M* Less than $50M* to $20M Less than $20M to $10M**

DECISION / REQUIREMENTS1 / APPROVAL2

CD-2--APPROVE PERFORMANCE BASELINE

D
-2

--P
R

EL
IM

IN
A

R
Y 

D
ES

IG
N

Prepare a Hazard Analysis Report Field Organization (Site Office) 
or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Continue with Quality Assurance Program Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Conduct Preliminary Security Vulnerability Assessment, if 
necessary Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Issue Final NEPA determination (i.e., FONSI) SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office

Update budget documents and Exhibit 300 if applicable SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Hazard Cat. 1,2,3 Nuclear Facility--Update Safety Design 
Strategy (SDS)

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Safety Design Report updating the CSDR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Safety Validation Report (PSVR) SBAA SBAA SBAA SBAA SBAA SBAA

Hazard Cat. 1,2,3 Nuclear Facility--Conduct a Technical 
Independent Project Review PSO PSO PSO PSO PSO PSO

Hazard Cat. 1,2,3 Nuclear Facility--Place Code of Record 
under Configuration Control Project Project Project Project Project Project 

Submit approved CD or equivalent documents to OECM.  If 
applicable, any PB BCP to OECM SC-28  SC-28  SC-28  SC-28  SC-28  SC-28  

Submit budget request for the remainder of TPC SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Funding profile changes that negatively impact project S-4 SC-1 SC-2 SC-2 SC-2 SC-2

Update PARS II with monthly status Prog. Mgr., FPD, and 
Contractor                  

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor                 

Prog. Mgr. & FPD           
No Earned Value (EV)

Continue with Monthly or Quarterly Project  Reporting/Meeting SC-AD
Invite SC-1 and SC-28

SC-AD
Invite SC-1 and SC-28

SC-AD
Invite SC-2 and SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28

SC-AD Request Annual Project Peer Review by PMSO SC-28  SC-28  SC-28  SC-28 SC-28
Tailored

SC-28
Tailored
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Summary of Major Requirements

Delegation Allowed

S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Approve updated Acquisition Strategy if changes are major
S-2

(CD-1 to 4 delegated, see 
SC-1

with SC-28 concurrence
SC-1

with SC-28 concurrence
SC-1

with SC-28 concurrence
SC-AD

with SC-28  concurrence
SC-AD

with SC-28 concurrence

Establish a Performance Baseline (PB) FPD  FPD  FPD  FPD FPD FPD

Approve updated PEP S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Prepare a Baseline Fund. Profile & reflect in budget docs. 
& PEP.  Consider full funding if TPC < $50M S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Approval of Long-Lead Procurement S-4 SC-1 SC-2 SC-AD SC-AD SC-AD

Develop Project Management Plan, if applicable N/A N/A N/A N/A N/A N/A

Complete Preliminary Design Project Project Project Project Project 

Incorporate High Perf. & Sustainable Bldg. & Sustainable 
Environmental Stewardship Project Project Project Project Project Project 

Conduct a Preliminary Design Review Team external to project Team external to project Team external to project Team external to project Team external to project Team external to project

Complete Preliminary Design Report Project Project Project Project Project Project 

Perform Baseline Validation Review ICE by OECM
with OPA

ICE by OECM
with OPA

ICE by OECM
with OPA SC-28  SC-28  SC-28  

Conduct a Project Definition Rating Index analysis as part 
of an EIR N/A N/A N/A N/A N/A N/A

Conduct a Technical Readiness Assessment & develop a 
Technical Maturation Plan N/A N/A N/A N/A N/A N/A

Employ an EVMS compliant with ANSI/EIA-748A, or as 
defined in the contract Contractor Contractor Contractor Contractor Contractor N/A

TOTAL PROJECT COST (TPC) $750M or more Less than $750M to $400M   Less than $400M to $100M Less than $100M to $50M* Less than $50M* to $20M Less than $20M to $10M**

DECISION / REQUIREMENTS1 / APPROVAL2

CD-2--APPROVE PERFORMANCE BASELINE

D
-2

--P
R

EL
IM

IN
A

R
Y 

D
ES
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N

Prepare a Hazard Analysis Report Field Organization (Site Office) 
or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Continue with Quality Assurance Program Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Conduct Preliminary Security Vulnerability Assessment, if 
necessary Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Issue Final NEPA determination (i.e., FONSI) SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office SC-1 or Site Office

Update budget documents and Exhibit 300 if applicable SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Hazard Cat. 1,2,3 Nuclear Facility--Update Safety Design 
Strategy (SDS)

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/CNS or CDNS 
concurrence, as appropriate

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Safety Design Report updating the CSDR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR SBAA via the PSVR

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Safety Validation Report (PSVR) SBAA SBAA SBAA SBAA SBAA SBAA

Hazard Cat. 1,2,3 Nuclear Facility--Conduct a Technical 
Independent Project Review PSO PSO PSO PSO PSO PSO

Hazard Cat. 1,2,3 Nuclear Facility--Place Code of Record 
under Configuration Control Project Project Project Project Project Project 

Submit approved CD or equivalent documents to OECM.  If 
applicable, any PB BCP to OECM SC-28  SC-28  SC-28  SC-28  SC-28  SC-28  

Submit budget request for the remainder of TPC SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Funding profile changes that negatively impact project S-4 SC-1 SC-2 SC-2 SC-2 SC-2

Update PARS II with monthly status Prog. Mgr., FPD, and 
Contractor                  

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor                 

Prog. Mgr. & FPD           
No Earned Value (EV)

Continue with Monthly or Quarterly Project  Reporting/Meeting SC-AD
Invite SC-1 and SC-28

SC-AD
Invite SC-1 and SC-28

SC-AD
Invite SC-2 and SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28

SC-AD Request Annual Project Peer Review by PMSO SC-28  SC-28  SC-28  SC-28 SC-28
Tailored

SC-28
Tailored
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hjp://science.energy.gov/~/media/opa/pdf/processes-‐and-‐proceduresProject_Decision_Matrix_11_2010_n.pdf	  
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•  Acquisition Strategy!
–  Document complete and signed (Mu2e-doc-1074)!

•  Establish a Performance Baseline!
–  Cost, schedule, scope and scope contingency defined. !

•  Approve Updated PEP!
–  Mature draft exists (Mu2e-doc-1172)!

•  Approval of Long-Lead Procurement!
–  CD-3a granted July 10, 2014!

•  Complete Preliminary Design!
–  Design documented in TDR (Mu2e-doc-4299)!

•  Incorporate High Performance & Sustainable Environmental Stewardship!
–  Comply with DOE Guiding Principles (Mu2e-doc-2005)!
–  High Performance and Sustainability Checklist (Mu2e-doc-2081)!

•  Conduct a Preliminary Design Review!
–  Director’s Review, IDR, this review.!
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CD-2 Requirements!
•  Complete Preliminary Design Report!

–  TDR (Mu2e-doc-4299)!
•  Perform Baseline Validation Review!

–  ICE performed over past 2 months. Draft report issued.!
•  Employ an EVM System!

–  Mu2e is in compliance with Fermilab certified EVM System. Tools and 
processes in place. Reports for April - September generated.!

•  Prepare a Hazard Analysis Report!
–  Mu2e-doc-4229 – See D. Hahn’s Management breakout talk.!

•  Continue with QA Program!
–  Rigorous QA program for solenoid conductor in place and serves as an 

example for the rest of the Project.!
•  Conduct Preliminary Security Vulnerability Assessment!

–  Mu2e-doc-676. Theft, vandalism, computer security are the primary issues.!
•  Issue Final NEPA determination!

–  Categorical Exclusion obtained in June, 2012 (Mu2e-doc-2274).!
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Additional Requirements for CD-3!
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Summary of Major Requirements

Delegation Allowed

SC-1 SC-1 SC-2 SC-AD SC-AD SC-AD

Approve updated CD-2 Project Documentation (PEP, AS, 
PDS, etc) if major changes

Reviewed by SC-28
Approved by SC-1

Reviewed by SC-28
Approved by SC-1

Reviewed by SC-28
Approved by SC-2

Reviewed by SC-28
Approved by SC-AD

Reviewed by SC-28
Approved by SC-AD

Reviewed by SC-28
Approved by SC-AD

Complete Final Design 
S-2

(CD-1 to 4 delegated, see Project Project Project Project Project 

Incorporate High Performance & Sustainable Bldg. & 
Sustainable Env. Stewardship Project Project Project Project Project Project 

Conduct a Final Design Review Team external to project Team external to project Team external to project Team external to project Team external to project Team external to project

Complete Final Design Report Project Project Project Project Project Project 

Employ a certified EVMS compliant with ANSI/EIA-748A, or as 
defined in the contract Certified by SC-28 Certified by SC-28 Certified by SC-28 Certified by SC-28 Contractor N/A

Execution Readiness Review ICE by OECM if warranted or 
IPR by OPA 

ICE by OECM if warranted or 
IPR by OPA 

ICE by OECM if warranted or 
IPR by OPA SC-28  SC-28  SC-28  

Conduct a Technology Readiness Assessment, where 
significant CTE modification occurs N/A N/A N/A N/A N/A N/A

Update the Hazard Analysis Report Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Prepare Construction Project Safety and Health Plan Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Update the Quality Assurance Program Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

TOTAL PROJECT COST (TPC) $750M or more Less than $750M to $400M   Less than $400M to $100M Less than $100M to $50M* Less than $50M* to $20M Less than $20M to $10M**

DECISION / REQUIREMENTS1 / APPROVAL2

CD-3--APPROVE START OF CONSTRUCTION

O
R

 T
O

 C
D
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--F

IN
A

L 
D

ES
IG
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Finalize the Security Vulnerability Assessment Report, if 
necessary Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Hazard Cat. 1,2,3 Nuclear Facility--Update Safety Design 
Strategy (SDS)

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate
Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Documented Safety Analysis 4  that updates the PSDR

SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Safety 
Evaluation Report (SER) SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence 

Hazard Cat. 1,2,3 Nuclear Facility--Revise the Code of 
Record Project Project Project Project Project Project 

Submit approved CD or equivalent documents to OECM.  If 
applicable, any PB BCP to OECM SC-28  SC-28  SC-28  SC-28  SC-28  SC-28  

Allow expenditure of TPC funds.  Update budget document 
and OMB 300s if applicable. SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Update PARS II with monthly status Prog. Mgr., FPD, and 
Contractor                 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr. & FPD
No Earned Value (EV)

Continue with Monthly or Quarterly Project  Reporting/Meeting SC-AD                    
Invite SC-1 and SC-28

SC-AD                    
Invite SC-1 and SC-28

SC-AD                    
Invite SC-2 and SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28

Perform EVMS surveillance review Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor Annually by Contractor N/A

Submit Lessons Learned regarding up-front planning and 
design 90 days after CD-3 FPD FPD FPD FPD FPD FPD

SC-AD Request Annual Project Peer Review by PMSO SC-28  SC-28  SC-28  SC-28  SC-28
Tailored

SC-28
Tailored
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Summary of Major Requirements

Delegation Allowed

SC-1 SC-1 SC-2 SC-AD SC-AD SC-AD

Approve updated CD-2 Project Documentation (PEP, AS, 
PDS, etc) if major changes

Reviewed by SC-28
Approved by SC-1

Reviewed by SC-28
Approved by SC-1

Reviewed by SC-28
Approved by SC-2

Reviewed by SC-28
Approved by SC-AD

Reviewed by SC-28
Approved by SC-AD

Reviewed by SC-28
Approved by SC-AD

Complete Final Design 
S-2

(CD-1 to 4 delegated, see Project Project Project Project Project 

Incorporate High Performance & Sustainable Bldg. & 
Sustainable Env. Stewardship Project Project Project Project Project Project 

Conduct a Final Design Review Team external to project Team external to project Team external to project Team external to project Team external to project Team external to project

Complete Final Design Report Project Project Project Project Project Project 

Employ a certified EVMS compliant with ANSI/EIA-748A, or as 
defined in the contract Certified by SC-28 Certified by SC-28 Certified by SC-28 Certified by SC-28 Contractor N/A

Execution Readiness Review ICE by OECM if warranted or 
IPR by OPA 

ICE by OECM if warranted or 
IPR by OPA 

ICE by OECM if warranted or 
IPR by OPA SC-28  SC-28  SC-28  

Conduct a Technology Readiness Assessment, where 
significant CTE modification occurs N/A N/A N/A N/A N/A N/A

Update the Hazard Analysis Report Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Prepare Construction Project Safety and Health Plan Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Update the Quality Assurance Program Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

TOTAL PROJECT COST (TPC) $750M or more Less than $750M to $400M   Less than $400M to $100M Less than $100M to $50M* Less than $50M* to $20M Less than $20M to $10M**

DECISION / REQUIREMENTS1 / APPROVAL2

CD-3--APPROVE START OF CONSTRUCTION

O
R

 T
O

 C
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Finalize the Security Vulnerability Assessment Report, if 
necessary Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab Site Office or Lab

Hazard Cat. 1,2,3 Nuclear Facility--Update Safety Design 
Strategy (SDS)

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate

SBAA & FPD, w/ CNS or CDNS 
concurrence, as appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate

SBAA & FPD, w/ CNS or  
CDNS concurrence, as 

appropriate
Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Preliminary 
Documented Safety Analysis 4  that updates the PSDR

SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER SBA Authority via the SER

Hazard Cat. 1,2,3 Nuclear Facility--Prepare a Safety 
Evaluation Report (SER) SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence SBAA w/ FPD concurrence 

Hazard Cat. 1,2,3 Nuclear Facility--Revise the Code of 
Record Project Project Project Project Project Project 

Submit approved CD or equivalent documents to OECM.  If 
applicable, any PB BCP to OECM SC-28  SC-28  SC-28  SC-28  SC-28  SC-28  

Allow expenditure of TPC funds.  Update budget document 
and OMB 300s if applicable. SC-AD SC-AD SC-AD SC-AD SC-AD SC-AD

Update PARS II with monthly status Prog. Mgr., FPD, and 
Contractor                 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr., FPD, and 
Contractor 

Prog. Mgr. & FPD
No Earned Value (EV)

Continue with Monthly or Quarterly Project  Reporting/Meeting SC-AD                    
Invite SC-1 and SC-28

SC-AD                    
Invite SC-1 and SC-28

SC-AD                    
Invite SC-2 and SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28 SC-AD to invite SC-28

Perform EVMS surveillance review Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor

Bi-annually by SC-28
Annually by Contractor Annually by Contractor N/A

Submit Lessons Learned regarding up-front planning and 
design 90 days after CD-3 FPD FPD FPD FPD FPD FPD

SC-AD Request Annual Project Peer Review by PMSO SC-28  SC-28  SC-28  SC-28  SC-28
Tailored

SC-28
Tailored
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Final	  Design	  
•  100%	  design	  completed	  for	  
Conven;onal	  Construc;on	  

•  Details	  in	  Conven;onal	  
Construc;on	  Breakout	  

•  TS	  Module	  design	  90%	  complete.	  70%	  
of	  final	  drawings	  complete.	  

•  Prototype	  module	  nearly	  complete	  
•  Test	  plan	  in	  place	  

•  Internal	  design	  review	  scheduled	  
•  Readiness	  Review	  in	  early	  2015	  
•  Issue	  P.O.	  in	  April	  2015	  to	  maintain	  
schedule.	  

•  Detailed	  TS	  Module	  presenta;on	  
in	  Solenoid	  Breakout	  
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Summary/Charge Questions for CD-2!
1.  Do the proposed technical design and associated implementation approach 

satisfy the performance requirements? How has the project team ensured that the 
subsystems will be fully integrated? Are CD-4 goals reasonable and well defined?!

•  Technical design at or beyond Preliminary design stage for vast majority of 
components. !
–  Design satisfies requirements (see following talks from L2 Managers)!
–  Integration incorporated into design process. Integration team in place. Signed 

agreements between responsible parties required as part of final design.!
–  KPPs developed in consultation with OHEP. Define CD-4 requirements. 

Threshold and Objective KPPs defined. Threshold KPPs produce good 
physics. (See Management breakout)!

2.  Is the cost estimate and schedule consistent with the plan to deliver the technical 
scope? Is the contingency adequate for the risk?!

•  Comprehensive RLS has been constructed consistent with Fermilab standards 
including the certified EVM System. !
–  Overall contingency of 32%. 37% contingency on technical scope.!

•  Have identified scope contingency that could further increase contingency, 
if necessary.!
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Summary/Charge Questions for CD-2!
3.  Are the management structure and resources adequate to deliver the proposed 

technical scope within the baseline budget and schedule as specified in the PEP?!
•  Lab management reorganized to better support Projects!
•  Mature, experienced Project team in place and functioning.!
•  Resource needs understood. Most resources required for FY15 identified by 

name.!
4.  Is the documentation required by DOE Order 413.3B for CD-2 complete?!
•  CD-2 documentation is complete!
5.  Are ES&H aspects being properly addressed given the Project’s current stage of 

development?!
•  ES&H embedded into all aspects of Lab/Project work (see management Breakout)!
6.  Has the Project responded satisfactorily to the recommendations from the 

previous independent project review?!
•  Have positively responded to recommendations from all previous reviews (see 

Management Breakout)!
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Summary/Charge Questions for CD-3b!
7.  Is the detailed design sufficiently mature so that the Project can continue with 

procurement and fabrication? Has there been adequate progress on the long-lead 
procurement activities approved under CD-3a?!

•  Conventional Construction design 100% complete. Interfaces defined, understood 
and signed off by all owners.!

•  TS Module design !
–  90% complete. !
–  Drawings 70% complete.!
–  Prototype module nearly complete. Detailed test plan in place for prototype 

Good progress on solenoid conductor authorized by CD-3a. !
–  Much more detail in Solenoid Breakout!

8.  Is the documentation required by DOE Order 413.3B for CD-3b complete?!
•  Documentation is complete.!
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Summary!
•  We are ready for CD-2!!
•  The Detector Hall and TS Modules are ready for CD-3!!
!
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