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Mu2e!

Mu2e Project History!
•  CD-0 approved November 2009!
•  CD-1 approved July 2012!

–  Cost range of $200 - $300M!
•  CD-3a approved July 2014!

–  Authorizes procurement of long-lead superconducting cable for 
solenoids (~$6M)!

•  CD-2/3b approval anticipated March 1, 2015!
–  CD-3b authorizes construction of Detector Hall (~$13M) and 

procurement of Transport Solenoid Modules (~$6M, on critical 
path).  !

•  CD-3c projected for Spring 2016!
•  CD-4 projected for early FY21!

–  24 months of schedule float!
12/10/14!R. Ray - EVMS Review!2!
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Mu2e Scope!
•  New building to house the experimental apparatus!

12/10/14!R. Ray - EVMS Review!3!
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Mu2e Scope!
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Mu2e Scope!
Mu2e apparatus!
•  Superconducting Solenoids!
•  Tracker!
•  Calorimeter!
•  Cosmic Ray Veto (not shown)!
•  DAQ!

12/10/14!R. Ray - EVMS Review!5!
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Mu2e Scope!
•  Full scope is defined and described in the Mu2e WBS 

Dictionary, !
–  under configuration control in Mu2e document database!
–  Accessible from web page!

!

12/10/14!R. Ray - EVMS Review!6!

Total	  Project	  Cost	  of	  $271M	  
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Dollarized Ram!

12/10/14!R. Ray - EVMS Review!7!

Report:�Dollarized�Responsibility�Assignment�Matrix Project:�MU2E

Currency�reported�in:��Dollars�in�Thousands

Work�Package.WBS�(2) (All)

CAM

Control�Account
09462N�
Ray,�Ron

08689N�
Werkema,�
Steve

09990N�
Drendel,�
Brian

03438N�
Leveling,�
Tony

13469N�
Nagaslaev,�
Vladimir

09374N�
Dey,�Joe

08969N�
Still,�
Dean

13371N�
Prebys,�
Eric

05374N�
Coleman,�
Rick

06758N�
Lackowski,�
Thomas

06093N�
Lamm,�
Mike

12305N�
Kashikhin,�
Vadim

14711N�
LOPES,�
MAURICIO�
DE�LIMA

15812N�
BUEHLER,�
MARC

10048N�
Page,�
Tom

02883N�
Hays,�
Steven�L

07920N�
ORRIS,�
DARRYL�
F

07837N�
Brandt,�
Jeff

14877N�
Ginther,�
George

07204N�
Mukherjee,�
Aseet

03530N�
Wagner,�
Robert

14858N�
Rusu,�
Vadim

02181V�
Hitlin,�
David�G

02243V�
Dukes,�
Craig

07784N�
PlaͲ
Dalmau,�
Anna

10356N�
Whitmore,�
Juliana

09390J�
Group,�
Craig

05760N�
Bowden
,�Mark

11214N�
Biery,�
Kurt

13852N�
Rivera,�
Ryan

Grand 
Total

475.01.02�Project�Office�Conceptual�Design�(Post�CDͲ0:�OPC)
Total�Budget�($K) 4,951 4,951

%�of�LOE 100% 100%

475.01.03�Project�Office�Preliminary�&�Final�Design�Phase�to�CDͲ2/3
Total�Budget�($K) 5,215 5,215

%�of�LOE 100% 100%

475.01.04�Project�Office�Implementation�&�CloseͲout�to�CDͲ4
Total�Budget�($K) 11,180 11,180

%�of�LOE 100% 100%

475.02.01�Project�Management
Total�Budget�($K) 3,338 3,338

%�of�LOE 100% 100%

475.02.03�Instruments�and�Controls
Total�Budget�($K) 2,131 2,131

%�of�LOE 16% 16%

475.02.04�Radiation�Safety�and�Improvments
Total�Budget�($K) 1,965 1,965

%�of�LOE 15% 15%

475.02.05�Resonant�Extraction�System
Total�Budget�($K) 5,313 5,313

%�of�LOE 7% 7%

475.02.06�Rings�RF
Total�Budget�($K) 1,667 1,667

%�of�LOE 10% 10%

475.02.07�External�Beamline
Total�Budget�($K) 6,999 6,999

%�of�LOE 4% 4%

475.02.08�Extinction�Systems
Total�Budget�($K) 2,934 2,934

%�of�LOE 15% 15%

475.02.09�Target�Station
Total�Budget�($K) 10,083 10,083

%�of�LOE 15% 15%

475.02.10�Accelerator�Conceptual�Design/R&D��(OPC)
Total�Budget�($K) 5,045 5,045

%�of�LOE 0% 0%

475.03.01�Conv.Constr.�Conceptual�Design
Total�Budget�($K) 537 537

%�of�LOE 100% 100%

475.03.02�Conv.Constr.�Preliminary/Final�Design
Total�Budget�($K) 2,258 2,258

%�of�LOE 6% 6%

475.03.03�Conv.Constr.�Construction�Phase�Oversight
Total�Budget�($K) 2,556 2,556

%�of�LOE 100% 100%

475.03.04.01�Mu2e�Detector�Service�Building�&�Hall�Fixed�Price
Total�Budget�($K) 12,991 12,991

%�of�LOE 0% 0%

475.03.04.02�Delivery�Ring�Upgrades
Total�Budget�($K) 350 350

%�of�LOE 0% 0%

475.03.04.03�Fermi�Procured�Items�and�T&M
Total�Budget�($K) 1,883 1,883

%�of�LOE 0% 0%

475.03.04.04�Accelerator�Absorber

Page�1�of�4 Date:�12/08/2014
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Organization!

12/10/14!R. Ray - EVMS Review!8!
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Organization!
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L2 Managers!

12/10/14!R. Ray - EVMS Review!10!

2  
Accelerator 

 
S. Werkema 

FNAL 
 
 

3 
Conventional 
Construction 
T. Lackowski 

FNAL 
 

4   
Solenoids 

 
M. Lamm 

FNAL 
 
 

5  
Muon 

Beamline 
G. Ginther 

FNAL 
 

6  
Tracker 

 
A. Mukherjee 

FNAL 
 
 
 

7  
Calorimeter 

 
S. Miscetti 
Frascati 

 
 

8  
Cosmic Ray 

Veto 
C. Dukes 

UVa. 

9  
Trigger and 

DAQ 
M. Bowden 

FNAL 
 
 

1  
Project 

Management 
R. Ray 
FNAL 



Mu2e!

Cost Methodology!

12/10/14!R. Ray - EVMS Review!11!

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!

TPC =  base estimate +  
  100% estimation uncertainty + 
  statistical evaluation of risks at 80% C.L. 
  + application of burdening and escalation 
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Resource Loaded Schedule!

12/10/14!R. Ray - EVMS Review!12!

•  Activity based RLS contains!
–  6924 activities!
–  4710 Work Packages!

•  3538 current budget!
•  793 contracted labor/material 

purchases!
•  375 obligations!

–  74 Control Accounts (56 open) and 30 
CAMs!

–  1109 milestones!
–  236 Constraints!

•  12 are accelerator shutdowns !
•  12 are Muon Campus milestones!
•  212 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!



Mu2e!

Rates and Assumptions!
•  Schedule trued-up with actuals through end of April 2014 and 

statused through November 2014.!
•  Estimate developed in FY14$!
•  One person-year = 1768 hours!

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

done!
–  Divisions/Sections at Fermilab may have 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.!

12/10/14!R. Ray - EVMS Review!13!
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Schedule!

12/10/14!R. Ray - EVMS Review!14!

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!

12/10/14!R. Ray - EVMS Review!15!

	  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	  



Mu2e!

Work Authorization!
•  After baseline has been established, Project Office authorizes 

work through Authorization Documents (WADs)!
–  We have 56 open Control Accounts. !
–  WADs have been put into place for these control accounts!

•  WAD must be in place before new control accounts or any of 
its chargeable task codes can be opened!
–  Dale Knapp, our Financial Officer, is responsible for making 

sure the requirements have been satisfied before opening any 
CTCs.!

•  WADs must be updated if the Control Account is impacted by 
an approved change.!

12/10/14!R. Ray - EVMS Review!16!
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Work Authorization Document!

12/10/14!R. Ray - EVMS Review!17!

Control Account Manager: Ray, Ron
Control Account Number: 475.01.04
Control Account Description: 

Start: 10/1/2014 Finish: 11/9/2020

Budget HOURS DIRECT BAC
Funding Type DOE.HEP.LNI.CNSTR 78,116.11 4,098,147.27 11,179,514.48

Labor 77,896.11 3,889,782.79 10,921,643.31
Material 0.00 174,000.00 216,994.62
Non-Fermi Labor 220.00 34,364.48 40,876.55

Total Budget: 78,116.11 4,098,147.27 11,179,514.48

CAM: Date: 12/5/2014
Project Manager: Date: 12/5/2014

   

Currency reported in:  Dollars

Report Options
Report: WAD Report
Project File: 47501
Criteria: CAM, Control Account, Work Package.Fund Type, Resource.TYPE, Results
Calendar: 18 Required Set
Cost Sets: Scheduled
Filter: Control Account

Scope of Work: Provide labor resources during the implementation and closeout phases for Project Management, 
Project Engineering, Project Controls, Finance and ES&H. Includes preparations for CD-4. Most of the labor is in the 
form of Level-of-Effort and is based on assigned personnel and estimated effort. Activities are divided up by funding 
type and fiscal year. Provide funds for support of guest scientists, for Project Office staff travel, training and 
equipment.

Authorization Signatures

Work Authorization Document
Control Account Information

Period of Performance

Project Office Implementation & Close-out to CD-4

WAD Scope



Mu2e!

Work Authorization!
•  Fermilab labor is reported to open CTCs through Kronos time 

and effort system!
•  Weekly reports from Kronos made available to CAMs and 

Project Office for accuracy checking!
–  Shows hours reported to each CTC by name!

!

•  Monthly financial reports include same information for the 
month along with associated costs, obligations, RIPs.!

12/10/14!R. Ray - EVMS Review!18!
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Work Authorization!
•  Moving funds to other institutions requires a Statement of 

Work and a Purchase Requisition.!
–  One SOW per fiscal year per institution.!

12/10/14!R. Ray - EVMS Review!19!
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Monthly Reporting Process!
•  CAMs meet Project Controls Specialist each month!

–  Status activities!
–  Update milestones!
–  Update ETC if necessary!

•  Mu2e has been doing status updates to the schedule since 
January to train the CAMs and establish the culture!

•  We have been generating CPRs since April!
•  Internal Baseline was established in September, prior to DOE 

CD-2 Review and after receiving funding profile.!
•  October is the first month of data since baselining!

–  November CPR issued this week.!

12/10/14!R. Ray - EVMS Review!20!
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October Performance!

12/10/14!R. Ray - EVMS Review!21!
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October Performance!

12/10/14!R. Ray - EVMS Review!22!
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Variance Thresholds!

12/10/14!R. Ray - EVMS Review!23!
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Variances!
•  FRA Certified EVM System requires a variance analysis 

report for red variances.!
•  Mu2e PM requires variance analysis reports for yellow 

variances!
–  We want to keep yellow variances from turning into red 

variances.!

12/10/14!R. Ray - EVMS Review!24!
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Variance Reports!

12/10/14!R. Ray - EVMS Review!25!
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Variance Reports!

12/10/14!R. Ray - EVMS Review!26!
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Variance Reports!
•  Variance 

reports are 
approved 
electronically!

12/10/14!R. Ray - EVMS Review!27!

Submi]er	  

L2	  Manager	  
Project	  Controls	  

Project	  Manager	  
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Corrective Action Log!
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10.14%2.5%001 475.02.05 21%Nov%14 24%Nov%14

Nagaslaev,2

Vladimir

2Need2to2administratively2limit2Mechanical2Engineering2(ME)2

resources2and2make2schedule2corrections2in2the2forthcoming2

Change2Request2(CR):22"Modify2the2electrostatic2septum2design2

schedule".22Assuming2ME2availability2at212FTE2level2from2

12/2014%06/20152and20.5FTE2from207/2015%07/2016.2

Resources2for2this2change2will2be2redistributed2from2future2

tasks2so2that2there2is2no2net2cost2increase.2

Open 21%Nov%14

10.14%2.5%002 475.02.05 21%Nov%14 24%Nov%14

Nagaslaev,2

Vladimir

2Bring2up2to2the2Accelerator2Division2Management2the2need2to2

finish2magnet2power2supply2prototyping2which2has2been2

pending2for2a2long2time. Open 21%Nov%14

10.14%2.5%003 475.02.05 21%Nov%14 24%Nov%14

Nagaslaev,2

Vladimir

2Submit2a2CR2to2redistribute2resources2of2the2"CD%3c2Review2

preparations"2into2new2activities2to2accommodate2Technical2

Review,2Director's2Review2and2CD%3c2Review2without2overall2

cost2change2resulting2from2the2redistribution2of2resources;2and2

add2the2new2estimated2travel2expenses2that2correspond2to2

bringing2the2required2experts2to2Fermilab2to2perform2the2new2

Technical2Review2activity. Open 21%Nov%14

10.14%2.7%001 475.02.07 20%Nov%14 24%Nov%14 Still,2Dean

Attempting2to2allocate2design2resources2and2assess2hours2for2

LCW2design2in247502.07.203.002000.22Should2be2an2additional222

or232months2to2correct2design2tasks. Open 20%Nov%14

10.14%2.9%001 475.02.09 20%Nov%14 24%Nov%14 Coleman,2Rick

No2additional2progress2will2be2statused,2the2variance2will2

remain2until2the2end2of2March2when2the2deliverable2is2

completed2and2the2variance2will2be2normailzed2by2the2invoice.222222222Open 20%Nov%14

10.14%3.2%001 475.03.02 20%Nov%14 1%Dec%14 Lackowski,2Tom

The2Preliminary2/Final2Design2will2be2closed2on2receipt2of22DOE2

approvals2of2CD3b.222222222 Open 20%Nov%14

10.14%3.3%001 475.03.03 20%Nov%14 1%Dec%14 Lackowski,2Tom

The2contract2will2be2implemented2as2soon2as2possible2following2

the2DOE2approvals2of2CD3b.222222222 Open 20%Nov%14

10.14%4.3%001 475.04.03 20%Nov%14 24%Nov%14 Lopes,2Mauricio

Further2negative2increases2in2the2schedule2variance2are2not2

anticipated.2As2TS2is2on2the2critical2path,2we2are2actively2

investigating2ways2to2improve2the2overall2schedule.2It2may2be22

possible2to2shorten2the2fabrication2and2test2time2for2the2TS.2

These2changes2would2reduce2the2cumulative2schedule2

variance.2It2is2not2possible2to2recover2the2cost2variance2for2the2

TS2Test2facility.2We2are2re%evaluating2the2cost2and2schedule2for2

the2test2facility,2as2it2is2a2important2part2of2the2TS2program.2

Additionally,2as2a2result2of2the2October2CD%2/3b2design2review,2

we2have2been2directed2to2focus2our2attention2on2testing2the2TS2

prototype2coil2module.2Based2on2this2mandated2scope2change,2

we2will2reorder2and2reassign2resources2in2the2RLS2as2needed2to2

meet2the2CD%2/3b2recommendation.22222222222 Open 20%Nov%14

10.14%4.4%001 475.04.04 20%Nov%14 24%Nov%14 Buehler,2Marc

When2the2baseline2is2established,2following2CD%22approval,2

setting2the2baseline2equal2to2actual2cost2will2restore2the2correct2

budget2amount.

Open

20%Nov%14

10.14%6.4%001222222222222222475.06.04 20%Nov%14 24%Nov%14 Rusu,2Vadim

The2tasks2related2to2this2schedule2variance2will2be2restarted2

once2the2motherboard2for2the2panel2electronics2are2designed.2

The2estimated2date2is2December21st.2 Open 20%Nov%14

10.14%8.6%001222222222222222475.08.06 20%Nov%14 24%Nov%14 Dukes,2Craig

A2Change2Request2will2made2to2add2a2new2activity2with2FNAL2

resources2to2reflect2the2move2from2UVa2to2FNAL.22Hansen's2and2

Kiper's2hours2are2being2moved2to2the2FNAL2electronics2

department2and2to2475.8.6.2.222222222 Open 20%Nov%14

Status 
(Open/Closed) Status Details

Status Detail 
Date

Completion 
DateItem # (date-CA-#)

Control 
Account # Date Posted

Date 
Approved by 

PM
Responsible 

Person (CAM) Corrective Action
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Change Control!

12/10/14!R. Ray - EVMS Review!29!

•  Change control 
thresholds are defined in 
the PEP!

•  Change process 
described in Mu2e 
Configuration 
Management Plan 
(docdb#509)!

•  Change mechanism 
described in Mu2e 
Change Control 
Procedure (docdb# 
2971)!

•  Mu2e Technical Board is 
the Level 3 CCB!

•  Mu2e PMG is the Level 
2 CCB.!
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Change Control!

12/10/14!R. Ray - EVMS Review!30!

Printable	  form	  produced	  for	  each	  CR	  
•  Stored	  as	  PDF	  in	  docdb	  
•  Signature	  box	  for	  approvals	  
•  Lists	  cost,	  schedule	  impacts,	  

suppor(ng	  documents,	  change	  
type,	  other	  affected	  systems,	  
jus(fica(on,	  risk	  impacts…	  
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Change Request Log!

12/10/14!R. Ray - EVMS Review!31!
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Lessons Learned (and Incorporated)!
•  Don’t baseline on early dates (Lesson Learned from NOvA)!
•  Annual accelerator shutdowns impact resource availability 

and should be reflected in schedule resource profile!
•  Reviews consume not only the time of managers but 

technical staff as well. That effort should be reflected in 
schedule.!

•  We systematically underestimate the amount of effort 
required to modify/upgrade existing equipment and systems.!
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Mu2e!

CAM Training!
•  All Mu2e CAMs have received EVMS training!
•  The Lab has arranged several training sessions!

–  2-day EVMS training!
–  Series of 1 hour presentations by R. Marcum on various EVMS 

topics!
•  Bill Freeman, former NOvA Project Control Lead shared his 

experiences with CAMs from Mu2e, CMS and g-2 at an 
EVMS Bootcamp.!
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Mu2e!

Summary!
•  Mu2e is using the FRA EVM System to manage the Project.!

–  Lessons Learned have been incorporated into the Project!
•  Change Control fully implemented!
•  All CAMs have received training, but the best training is 

actually doing it.!
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