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 Quick tour LHC CMS Detector Upgrade Project  
 aka Project 401, or U.S. CMS Upgrades Phase 1 

 Organizational Structure 

 RLS 

 EVMS 

 Change Control 
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Roadmap 
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 Scope: Upgrade 3 subsystems to sustain current 

performance with increasing difficult conditions 
 Hadron Calorimeter – HCAL – WBS 401.02 

 Forward Pixels – FPIX- WBS 401.03 

 Level 1 Trigger – TRIG or L1T – WBS 401.04 

 Schedule: Motivated by Large Hadron Collider (LHC) plans 
 Target installation dates driven by LHC Technical Stops 

 Part of a larger Upgrade coordinated by International CMS 

 TPC: DOE 33.22M + NSF 9.67M = 42.9M 
 Approval history 

o CD-0         September 18, 2012 

o CD-1         October 17, 2013 

o NSF Approval of Cooperative Agreement  June 21, 2014  

o CD-2 and CD-3       November 12, 2014 
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The 401 Project in a slide 
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Motivation 

  
P5 Recommendation 10: Complete the LHC phase-1 upgrades 
and continue the strong collaboration in the LHC with the 
phase-2 (HL-LHC) upgrades of the accelerator and both 
general-purpose experiments (ATLAS and CMS). The LHC 
upgrades constitute our highest-priority near-term large 
project. 
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U.S. CMS Detector Phase 1 Upgrades 

Muon 
Detectors 

Magnet 

Electromagnetic 
Calorimeter 

Si Strip 
Tracker 

Pixel 
Detector 
401.03 

Hadron  
Calorimeter 

401.02 
HB, HE, HF 

L1T  - 401.04 (off-detector) 
• Muon Trigger 
• Calorimeter Trigger 
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Hadron Calorimeter (HCAL) Upgrades 

Hadron  
Calorimeter 

401.02 
HB/HE, HF 

New “frontend” photodetector:  
higher granularity,  time info 
and “backend” electronics 
increased bandwidth  
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Forward Pixel (FPIX) Upgrades 

Barrel Pixel 
Detector (BPIX) 

Forward Pixel 
Detector (FPIX) 

Pixel 
Detector 
401.03 

New 3 layer endcap detector: improves 
precision,  efficiency 
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L1 Trigger Upgrades 

Electromagnetic 
Calorimeter 

Muon 
Detectors 

Hadron  
Calorimeter 

401.02 
HB, HE, HF 

L1T  - 401.04 (off-detector) 
• Muon Trigger 
• Calorimeter Trigger 

Modern electronics system: more sophisticated filtering  
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The LHC schedule 

HB FE Install 
HE FE Install 

FPIX Install 
HF FE Install 

HCAL BE Install 
L1T Install/Commission 

To avoid dependence on the LHC schedule, “threshold” success  
defined as delivering completed components to CERN and 
demonstrating that they work  there.  

Outside detector hall: Install at will 
Inside detector hall: Installation windows 
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Coarse Granularity Schedule 

FY19 FY18 FY17 FY16 FY15 FY14 FY13 

CD4 CD1 CD2/3 CD0 

LS 1: Splice rework LS 2: Injectors ETS Physics TS Physics Physics LHC Schedule 

Proto/Preproduction 

 Installation* Electronics Prod 

SiPM Production 

Production Readiness Review 

Beam Tests 

RM Assm/Burn-in 

Preproduction Prod Install 
Prototype 

Beam Tests 

Production Readiness Review 

Prod Testing 

Backend Operations with trigger upgrade 

Operations Forward 

Barrel/Endcap 

  Installation 

Electronic 
System 
Review 

Preproduction Sensors/Modules 

Electronics 

Mechanics 

Assembly 

Production 

Preproduction Production ASICs 

Preproduction Production HDIs, PC, PS,  
POH, Cables 

Preproduction Production 

Integration 

½ Disks 

½ Cylinders Install 

MPCM connection 

Preprod Prod Prototype Soft/Firmware Commission Muon Trigger 

Preprod Prod Soft/Firmware Commission Prototype Calorimeter Trigger 

Calorimeter Connection 

H
C

A
L 

FP
IX

 
L1

T 

TS Physics 
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Organization – Funding Agencies 

S. Rolli 

A. Harris 

S. Nahn - PM 
A. Dominguez – DPM, PI of NSF Coop. Agreement 

P. McBride/PPD 
Change Control Board 
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  401.01  LHC CMS Detector Upgrade Project 
 
         Project Office 
 
Project Manager:    Steve Nahn 
Deputy Project Manager:    Aaron Dominguez 
Deputy Project Manager:    Lucas Taylor 
ESH&Q Coordinator:   Stefan Gruenendahl 
Project Controls:    Bill Freeman 
Project Finance:    Jenny Teng 
Risk Manager:    Lucas Taylor 
Project Electronics Engineer  Michael Matulik 
Project Mechanical Engineer  Greg Derylo 

         401.02  HCAL 
 
L2 Manager:   Jeremy Mans 
Deputy L2 Manager:  Frank Chlebana 

        401.02.03  HF Front End 
 
L3 Manager:  Ulrich Heintz 
 

    401.02.04  HB/HE Front End 
 
L3 Manager: James Hirschauer 

      401.02.05  HCAL Back End 
 
L3 Manager:  Yuichi Kubota 

       401.03  FPIX 
 
L2 Manager:  Will Johns 
Deputy L2 Manager:  Marco Verzocchi 

     401.03.03  FPIX Components 
 
L3 Manager:  Harry Cheung 

401.03.04  FPIX Assembly & Testing 
 
L3 Managers: Cecilia Gerber 
  Petra Merkel 

    401.03.05  FPIX Pilot System 
 
L3 Manager: Karl Ecklund 

       401.04  Trigger 
 
L2 Manager:   Wesley Smith 
Deputy L2 Manager: Darin Acosta 

       401.04.03  Muon Trigger 
 
L3 Manager: Ivan Furic 

 401.04.04  Calorimeter Trigger 
 
L3 Manager:  Sridhara Dasu 
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LHC CMS Detector Project Organization 

EVMS Surveillance - LHC CMS Detector Upgrade Project 



LHC CMS 
Detector 
Upgrade 

Project 

 Multiple stakeholders, Global context 
 Funding Agencies, CERN, International CMS Collaboration, U.S. 

CMS Collaboration, U.S. CMS Operations Program 

o Other org charts which we interface with 

 

 Upgrade of existing experiment 
 Fit in existing volumes, use existing interfaces to environmental 

controls, data acquisition, etc 

 Avoid interfering with concurrent Operations and LHC schedule 

 Borrows procedures well established from 15 years of working in 

this environment 

o Sets the standard for international collaboration (P5)   
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Key features of the project 
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 Development of Resource Loaded Schedule (RLS)  
 CAMs and L2s work closely with Project Controls and PM to build RLS 

bottoms up 

o CD-1: Cost tool, to predict Cost Range 

o CD-2/3: Fully logically consistent Schedule with structure suitable for 

EVMS 

 Implemented in Primavera (P6) + Cobra, lab standard for Project 

Controls 

 Development of Total Project Cost 
 Basis of Estimate support for each WBS element (lowest level) 

o Bottoms up from the activities of that WBS 

 Estimate Uncertainty Contingency (“EU”) based on Maturity of Estimate 

 Full blown Risk Analysis using Primavera Risk Analysis (PRA) 
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Project Development  



LHC CMS 
Detector 
Upgrade 

Project 

 We follow well established standards and practices 
 Fermilab:  http://www.fnal.gov/directorate/OPMO/OPMOhome.html  

 DOE 413.3b:  http://science.energy.gov/opa/project-management/processes-and-procedures/ 

 ANSI / PMI-99-001-2008, “PMBOK”  http://www.pmi.org/PMBOK-Guide-and-Standards.aspx  
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Project Planning Process 

5.1 
Collect  

Require- 
ments 

5.2 
Define  
Scope 

5.3 
Create  

WBS 

6.1 
Define  

Activities 

6.2 
Sequence  
Activities 

6.3 
Estimate  
Activity 

Resources 

6.4 
Estimate  
Activity 

Durations 

6.5 
Develop  
Schedule 

11.1  
Plan  
Risk 

Mgmt 

11.2 
Identify  

Risks 

11.5 
Plan Risk  
Responses 

11.3 
Qualitative  

Risk 
Analysis 

11.4  
Quantitative  

Risk 
Analysis 

BoE 
Forms 
(Excel) 

TDR 
(LaTeX) 

Risk 
Mgmt.  

Plan 
(MS Word) 

Risk 
Register 

(Excel) 

Cost 
Book 

(COBRA) 

Resource 
Loaded 

Schedule 
(Primavera) 

WBS 
(Primavera) 
& dictionary 
(MS Word) 

Note:   process numbers refer to “PMBOK”, 4th Ed,  ANSI / PMI 99-001-2008. 

Scope processes Schedule processes 

Risk processes 

Cost processes 

7.1 
Estimate  

Costs 

7.2 
Determine  

Budget 

http://www.fnal.gov/directorate/OPMO/OPMOhome.html
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://science.energy.gov/opa/project-management/processes-and-procedures/
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
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 All project scope (DOE and NSF) is included in a hierarchical 

product-oriented Work Breakdown Structure 
 https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605  (all) 

 https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606  (HCAL) 

 https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607  (FPIX) 

 https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608  (Trigger) 
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Work Breakdown Structure 

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11605
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11606
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11607
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=11608
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RLS Characteristics  

Target no. 

1 (project start) 

1 (project end) 

0 

0 

As few as needed 
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 Systematic metric for measuring 
progress vs. plan 

 Ingredients 
 A Plan: Budgeted Cost of Work Scheduled 

(BCWS) 

 Status: Work Scheduled (WS) becomes 
Work Performed (BCWP)  

 Actuals: Cost of Work Performed  (ACWP) 

 Measurements 
 Cost Performance (BCWP, ACWP) 

 Schedule Performance (BCWP, BCWS) 

 Differences  Variance 

 Ratios  Performance Indices 
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What is EVMS 

The basics on a free mouse pad from training 
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EVMS Structure: CAs and CAMs 

401.01 
Nahn 

401.02.02 
Mans 

401.02.03 
Heintz 

401.02.04 
Hirschauer 

401.02.05 
Kubota 

401.03.02 
Johns 
401.03.03.01 
401.03.03.02 
401.03.03.03 
Cheung 
401.03.04 
Verzocchi 

401.03.05 
Ecklund 

401.04.02 
Smith 

401.04.03 
Smith 

401.04.04 
Smith 

 EVMS underpinned by Control Accounts (CA) 
managed by Control Account Managers (CAMs) 
 Control Account = High level correlated set of tasks 

 Maps naturally to WBS structure 

 CAs further divided into Chargable Task Codes (CTCs)  

o Used by FNAL finance system  
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Dollarized RAM 

Total Project 29.36% 34,312,952

Values
WBS L2 Control Account CAM % LOE %Complete TOTAL

401.01 Project Management 401.01 Project Management Nahn, Steve 100.00% 30.11% 6,135,558

401.01 Project Management Total 100.00% 30.11% 6,135,558

401.02 Hadron Calorimeter (HCAL) Detector Upgrade401.02.02 HCAL Management Mans, Jeremiah 100.00% 31.80% 397,538
401.02.03 HF Front-End Heintz, Ulrich 0.00% 70.99% 1,637,093

401.02.04 HB/HE Front-End Hirschauer, James F 1.74% 13.11% 9,003,338

401.02.05 HCAL Back End Kubota, Yuichi 1.08% 31.29% 1,739,651

401.02 Hadron Calorimeter (HCAL) Detector Upgrade Total 102.82% 23.58% 12,777,620

401.03 Forward Pixels (FPIX) Detector Upgrade 401.03.02 FPIX  Management Johns, Will 81.84% 50.63% 537,585

401.03.03.01 Components - Module Cheung, Harry 0.00% 22.21% 2,752,976

401.03.03.02 Components - Electronics Cheung, Harry 11.17% 37.06% 3,027,797

401.03.03.03 Components - Mechanical Structures & Cooling Cheung, Harry 0.00% 43.14% 2,050,061

401.03.04 Assembly & Testing Verzocchi, Marco 21.74% 9.27% 1,361,282

401.03.05 Pilot System Ecklund, Karl 39.01% 60.99% 90,008

401.03 Forward Pixels (FPIX) Detector Upgrade Total 153.75% 31.27% 9,819,709

401.04 Trigger Upgrade 401.04.02 Trigger Management Smith, Wesley H. 100.00% 36.00% 184,971

401.04.03 MUON Trigger Smith, Wesley H. 18.00% 23.16% 2,338,652
401.04.04 Calorimeter Trigger Smith, Wesley H. 22.69% 50.15% 3,056,442

401.04 Trigger Upgrade Total 140.69% 38.37% 5,580,065
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 Formalizes 

CAM scope of 

work and 

resources 
 WAD 

 Activity table 

 FY CAP and 

current FY 

monthly CAP by 

Activity and 

Resource  
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WADs and CAPs 
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 Lab has arranged for several EVMS and P6 

training sessions for personnel 

 2-day EVMS training (twice) 

 P6 training (twice) 

 23-session x 4 hours PMP training attended by PM 

 DPM (LT)  has ~80 class hours in general PM, cost, 

scheduling, quality, risk, case studies, etc and has 

passed PMP certification twice 

 The best training has been actually practicing 

EVM ahead of being baselined 
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Training 
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CAM Bootcamp July 3rd, 2014 

 Presentations by R. Marcum, PSS, and B 
Freeman, NOA/USCMS on CAM duties and 
necessary knowledge 
 Attended by 18 USCMSers locally, 8 teleconference, plus ~ 20 

from g-2 and 2e 
https://indico.cern.ch/event/323645/  access: uscms_utb 

L2 
L3 

DPM 
L4 

PM 
L3 
L2 
L3 

https://indico.cern.ch/event/323645/
https://indico.cern.ch/event/323645/
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EVMS procedures 
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 Step 1: Collect Monthly Statistics 
 BCWS – budgeted cost comes from P6 via Cobra 

 BCWP – work performed determined by collecting input from 
CAMs and determined via a variety of algorithms 

– 0 or 100% 

– Units (eg. widgets produced) 

– Milestones or steps 

o Effort to make non-LOE activity durations  2 months 

 ACWP – the actual cost to complete the work performed 
o Interfaced to fiscal system for  

– Fermilab labor and M&S 

– Monthly invoices from vendors and participating institutes 

o Accruals to account for time lag between performance and invoice 
when necessary 

 Step 2: Compute EVM metrics and produce trend plots 
at various levels from whole project to workpackage 
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Labwide approach to EVMS 
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 Shared Calendar 
 Automated reminders at 7 days and 2 days  
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The Reporting Cycle 
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 One entry per month includes all relevant files 
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Monthly Reporting 
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Monthly Reporting 

 Contract Performance Report Format 1 
 Information available at L2, CA, CTC, and WP level 

 

 

 

 

 

 

 Earned Value Summaries 
 Color Coded summaries at CA or CTC level 

CMS Upgrade Master Project
October 31, 2014

Currency in: Fully Burdened AY$

Cntrl Acct Budget Earned Actuals SV ($) SV (%) CV ($) CV (%) Budget Earned Actuals SV ($) SV (%) CV ($) CV (%) SPI CPI BAC EAC VAC % Spent % Complete

401.01 Project Management 129,631 129,631 101,959 0 0% 27,672 21% 1,847,633 1,847,633 1,642,378 0 0% 205,255 11% 1.00 1.12 6,135,558 5,930,302 205,255 28% 30%

401.02.02 HCAL Management 8,531 8,531 34,222 0 0% (25,691) -301% 126,399 126,399 64,268 0 0% 62,130 49% 1.00 1.97 397,538 335,408 62,130 19% 32%

401.02.03 HF Front-End 208,799 26,448 95,921 (182,351) -87% (69,474) -263% 1,209,730 1,162,247 1,254,640 (47,483) -4% (92,392) -8% 0.96 0.93 1,637,093 1,731,561 (94,467) 72% 71%

401.02.04 HB/HE Front-End 175,390 135,813 109,841 (39,576) -23% 25,972 19% 1,685,185 1,180,479 1,072,285 (504,707) -30% 108,194 9% 0.70 1.10 9,003,338 8,911,557 91,780 12% 13%

401.02.05 HCAL Back End 32,574 23,139 (1,104) (9,435) -29% 24,243 105% 542,699 544,371 355,734 1,672 0% 188,637 35% 1.00 1.53 1,739,651 1,555,565 184,086 23% 31%

401.03.02 FPIX  Management 0 0 (3,236) 0 0% 3,236 - 272,177 272,177 139,308 0 0% 132,869 49% 1.00 1.95 537,585 404,716 132,869 34% 51%

401.03.03.01 Components - Module 39,735 38,938 155,510 (798) -2% (116,572) -299% 759,716 611,454 461,900 (148,262) -20% 149,554 24% 0.80 1.32 2,752,976 2,609,805 143,171 18% 22%

401.03.03.02 Components - Electronics 29,778 61,436 77,168 31,657 106% (15,732) -26% 1,210,894 1,122,016 1,039,172 (88,878) -7% 82,843 7% 0.93 1.08 3,027,797 2,947,998 79,800 35% 37%

401.03.03.03 Components - Mechanical Structures & Cooling 72,701 26,805 79,945 (45,896) -63% (53,140) -198% 1,074,182 884,319 1,110,171 (189,864) -18% (225,853) -26% 0.82 0.80 2,050,061 2,283,710 (233,649) 49% 43%

401.03.04 Assembly & Testing 13,566 15,950 0 2,384 18% 15,950 100% 190,621 126,133 70,038 (64,488) -34% 56,095 44% 0.66 1.80 1,361,282 1,310,562 50,720 5% 9%

401.03.05 Pilot System 0 0 163 0 0% (163) - 54,896 54,896 65,113 (0) 0% (10,218) -19% 1.00 0.84 90,008 100,226 (10,218) 65% 61%

401.04.02 Trigger Management 5,826 5,826 5,090 0 0% 735 13% 66,596 66,596 35,038 0 0% 31,558 47% 1.00 1.90 184,971 153,413 31,558 23% 36%

401.04.03 MUON Trigger 67,503 44,059 18,352 (23,444) -35% 25,707 58% 655,323 541,557 386,840 (113,766) -17% 154,717 29% 0.83 1.40 2,338,652 2,186,805 151,847 18% 23%

401.04.04 Calorimeter Trigger 65,042 668,683 842,434 603,641 928% (173,751) -26% 924,580 1,532,766 1,349,999 608,186 66% 182,767 12% 1.66 1.14 3,056,442 2,859,566 196,876 47% 50%

Total 849,076 1,185,258 1,516,264 336,182 40% (331,006) -28% 10,620,630 10,073,042 9,046,884 (547,588) -5% 1,026,158 10% 0.95 1.11 34,312,952 33,321,192 991,759 27% 29.4%

Current Period Cumulative to Date At Complete
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Monthly Reporting 

 VARs: CV,SV above threshold 
 Required / Recommended  

 Key Features 

o Explanation 

o Impact 

o Corrective Action  

– copied to Log 

o Summary 

o Author/Approval IDs 

 Estimate At Completion Analysis 
 Project Manager’s summary of adjustments needed to EAC 

o Based on assessment of VARs and subsequent actions 
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Monthly Reporting 

 Variance Analysis Reports 

Corrective Actions 
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 Corrective Action Log 
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Monthly Reporting 
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 Both NSF and DOE information collected in the 

same manner 
 Separately tagged but within the same Control Accounts 

 Whitepaper explaining situation (ok’d by OPA) 

 Collecting Status since 12/2013 
 Up to April an exercise in getting CAMs familiar with the cycle 

 Since April exercising full machinery 

o Lessons learned 

– Misassignment of Charges early in project 

– Underestimate of Accruals, eg costed “In Kind” work early in project 

– Mistiming large procurements by one cycle 

– Subtle structure issues with initial RLS 

o Issues uncovered by CAMs in the process of understanding EVM data 
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EV Measurements 

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28 

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12216&asof=2014-05-28
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How are we doing? 

 July - October 
 Handful of VARs in each month 

o Mix of “one-off” and persistent issues 

 CAMs digging into Statusing files, Fiscal reports to rectify variances 

o “Because of VARs I have a better grasp on my schedule” 

 

 

SV ($) SV (%) CV ($) CV (%) SV ($) SV (%) CV ($) CV (%)

0 0% 27,672 21% 0 0% 205,255 11%

0 0% (25,691) -301% 0 0% 62,130 49%

(182,351) -87% (69,474) -263% (47,483) -4% (92,392) -8%

(39,576) -23% 25,972 19% (504,707) -30% 108,194 9%

(9,435) -29% 24,243 105% 1,672 0% 188,637 35%

0 0% 3,236 - 0 0% 132,869 49%

(798) -2% (116,572) -299% (148,262) -20% 149,554 24%

31,657 106% (15,732) -26% (88,878) -7% 82,843 7%

(45,896) -63% (53,140) -198% (189,864) -18% (225,853) -26%

2,384 18% 15,950 100% (64,488) -34% 56,095 44%

0 0% (163) - (0) 0% (10,218) -19%

0 0% 735 13% 0 0% 31,558 47%

(23,444) -35% 25,707 58% (113,766) -17% 154,717 29%

603,641 928% (173,751) -26% 608,186 66% 182,767 12%

SV ($) SV (%) CV ($) CV (%) SV ($) SV (%) CV ($) CV (%)

0 0% 39,964 36% 0 0% 177,583 10%

0 0% 15,108 143% 0 0% 87,821 75%

243,173 1028% 241,757 91% 134,870 13% (22,919) -2%

(120,153) -49% 38,734 31% (463,577) -31% 82,222 8%

30,389 126% 7,184 13% 8,775 2% 164,394 32%

0 0% 14,784 86% 0 0% 129,633 48%

(2,558) -15% (8,709) -60% (147,464) -20% 266,126 46%

8,042 11% 19,474 25% (119,936) -10% 87,726 8%

(70,765) -79% (21,410) -115% (143,552) -14% (172,713) -20%

4,919 34% 19,389 101% (66,872) -36% 50,995 42%

0 0% 1,603 - (0) 0% (10,054) -18%

0 0% 15,302 301% 0 0% 30,823 51%

66,357 127% 52,206 44% (90,322) -15% 129,010 26%

(17,332) -32% (7,901) -21% 4,308 1% 356,518 41%

SV ($) SV (%) CV ($) CV (%) SV ($) SV (%) CV ($) CV (%)

9,370 9% 32,896 28% 0 0% 137,619 9%

0 0% 9,882 93% 0 0% 72,713 68%

(5,650) -13% (183,056) -464% (108,304) -11% (264,676) -30%

(91,945) -56% 60,756 83% (343,424) -27% 43,488 5%

10,312 71% (31,728) -127% (21,614) -4% 157,210 34%

0 0% 286,255 1664% 0 0% 114,849 45%

(30,333) -68% (41,821) -296% (144,906) -21% 274,835 49%

(24,527) -65% (183,083) -1371% (127,978) -12% 68,252 7%

(17,355) -44% (61,779) -281% (72,787) -8% (151,303) -18%

(11,536) -48% 5,062 41% (71,791) -41% 31,606 31%

1,916 10% (1,173) -6% (0) 0% (11,658) -21%

0 0% 11,390 224% 0 0% 15,520 28%

(29,660) -60% (10,340) -52% (156,679) -29% 76,804 20%

(6,118) -9% 21,776 33% 21,640 3% 364,419 44%

SV ($) SV (%) CV ($) CV (%) SV ($) SV (%) CV ($) CV (%)

(9,370) -8% 51,253 44% (9,370) -1% 104,724 7%

0 0% 5,434 49% 0 0% 62,831 65%

(26,111) -32% (861) -2% (102,654) -11% (81,620) -10%

(95,192) -58% (31,407) -46% (251,479) -23% (17,269) -2%

(10,461) -39% (7,742) -47% (31,925) -7% 188,938 43%

0 0% (23,916) -133% 0 0% (171,407) -72%

(18,809) -5% 338,968 101% (114,573) -17% 316,655 58%

104,414 40% 310,272 85% (103,451) -10% 251,335 26%

(20,117) -51% (16,284) -85% (55,432) -6% (89,524) -11%

(17,581) -55% (4,809) -34% (60,254) -40% 26,544 30%

7,202 543% 5,302 62% (1,916) -5% (10,485) -31%

0 0% (19,557) -367% 0 0% 4,130 8%

2,255 3% 49,663 56% (127,018) -26% 87,145 24%

(25,990) -35% 5,735 12% 27,758 4% 342,643 45%

July September August October 
Current     |    Cumulative Current     |    Cumulative Current     |    Cumulative Current     |    Cumulative 

Month SPI CPI SPI3 CPI3 SPIC CPIC

Apr-14 5.76 1.17 0.79 1.17

May-14 1.59 1.24 0.92 1.19

Jun-14 0.74 0.50 2.54 1.06 0.90 1.06

Jul-14 0.91 2.32 1.09 1.13 0.90 1.16

Aug-14 0.70 0.84 0.81 1.00 0.89 1.13

Sep-14 1.20 1.95 0.94 1.67 0.91 1.18

Oct-14 1.40 0.78 1.13 1.00 0.95 1.11

Current 3 Month Cumulative
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Approve 
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approval of 
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[ Project Controls ] 

Review CR 
 

[ PM, CCB ] 
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[ Project Controls ] 
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Request (CR) 

 
[ L2 PM, CAM ] 
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END 
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BCR Form 
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 Tabulated in DocDB/Change Log Spreadsheet 
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Change Requests 
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 The project itself is complicated by the international nature and 

the consequences of being an upgrade to an existing program 

 We have built an RLS appropriate for managing the Project and 

EVMS based on FNAL PSS standards 

 We have invested in more training for our CAMs 

 Executing full EVM has been a learning experience 

o CAMs understand Cost and Schedule Variances and what they 

can tell you about your project 

 We use formal Baseline Change Control  

 We are using EVM as a tool to manage the 

project to reach a successful conclusion on time 

and under budget 
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Take away… 
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Backup Material 
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Phases of CMS Upgrade  

FY22 FY21 FY20 FY19 FY18 FY17 FY16 FY15 FY14 FY13      

LS 1: Splice rework LS 2: Injectors ETS Physics TS Physics Physics LHC Sched 

LS1 Consolidation 

Completion of ME4 

ME1, DT  electronics 

  HF (new PMTs) 

  HO (HPDSiPM) 

Phase 1 Prep  

  Optical splitters for  TRIG 

  Beampipe for FPIX 

TS Physics Ph TS Physics LS 3 

Phase 1 Upgrades 

Pixel Detector Replacement 

HCAL Electronics and Photodetectors Upgrade 

L1 Calorimeter and Muon Trigger Upgrade 

Phase 2 Upgrades 

 Full Tracker Upgrade, addition of L1 Trigger ability 

          HCAL/ECAL/MUON DAQ Upgrades – 1 MHz readout 

  Extend Forward reach for all 

TS Physics 
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 Chargeable Task Codes (CTCs)  further 
subdivide Control Accounts 
 This is the level on which Earned Value information is rolled 

into 

 Anatomy of a CTC 
401.XNNNY 

 X is L2 (1,2,3,4 for PM, HCAL, FPIX, L1T) 

 NNN counts from 0 (max 14 so far) 

 Y is fund source 

 CTCs have CTC Managers 
 Usually but not always CAM 

 CTC Grouping designed for 
 Segregation  of LOE tasks 

 Not too much unrelated activity concentrated in any CTC 

 Not too little activity in any CTC  

 CTC Managers responsible for deliverable 
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CAs and CTCs 

401.10001  Nahn 
401.10002  Dominguez 
401.10003  Nahn 

401.10011  Nahn 
401.10013  Nahn 

401.10021  Nahn 
401.10023  Nahn 
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 14  CTCs Mostly covered by L3, with some institute 
specific exceptions 
 Divisions done to the specifications of the responsible CAM 
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CTCs  and CTC Managers HCAL 

(401.20)00A Mans 
(A=1,3)   

01A Heintz   

04A Belloni  (MD)
  

09A Hirschauer 
FNAL 

14A Belloni  (MD) 

 52 Wayne (ND)  

 62 Wayne (ND)  

Hirschauer 

L3/CAM Heintz  L3/CAM Hirschauer  

2A 

11A 

10A 

12A 

13A 

13A 

7A 

7A 

7A 

13A 

2A 

7A 

L3/CAM 
Kubota  

8A 

03A Kubota   
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CTCs  and CTC Managers FPIX 
(401.30)00A 
Johns L3/CAM Cheung  DL2/CAM Verzocchi  

L3/CAM 
Ecklund 

 One to one mapping CA to CTC, CAM to CTC manager 
 But for fund type distinction 

01A, 012 
Cheung 

02A, 022 Cheung 

03A,Cheung 

04A,042 Verzocchi 
05A,052 Ecklund 
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 Four CTCs (including Mgmt) 
 But for fund type distinction 

 Many to one mapping (CA, CTC) to CAM 
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CTCs  and CTC Manager L1T 
(401.40)00A 
Smith L3 Furic  

L3 Dasu 

02A, 022 Smith 

03A Smith 

01A,012 Smith 
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 Composition 
 50 Institutes (30 on Upgrade) 

o  425 Fac/staff, 225 Students 

 ~ 28% of CMS 

 Responsibilities  
 Overall Coordination 

 Detector Operations 

o Did R&D for Phase 1 

o Dominant overlap with Project 

 Software and Computing 

 Significant Symbiosis 
 Same relationships with Funding 

Agencies, FNAL 

 Overlap/Complementarity of goals 

 Adopted Governance through 
Statements of Work (SOWs)  
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Umbrella: U.S. CMS Program 
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 Relevant for LHC CMS Detector Upgrades Project 
 Technical Coordination – Installation, Electronics Oversight, Safety 

 L1 Trigger, Tracker, HCAL Projects – Integration 

o Considerable past and current overlaps in these Organizations 

 Upgrade Coordinators   (Phase 2) 
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International CMS Organization 
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 Structure in place since Construction Project 
 Familiar with the pitfalls 

 Model for  U.S. participation in international science on this scale  

o Reconfirmed recently by P5, p. 10 of draft report 

 Multidimensional organization is a strength 
 Allows flexible solutions to maximize physics potential 

 Can join forces on topics of mutual interest 

o Design, Procurement Readiness, Installation Reviews  

o LS1: Operations prepares Collision Hall for Upgrade Project  

 Requires frequent communication and synchronization 
 Moderate overlap in organizations facilitates coordination 

o Careful overt assessment of conflict of interests 

 High level milestones form basis of information exchange 
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On interweaved Organizations 
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 Each work package and its resources are described in a 

“Basis of Estimate” (102 in total) 
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs%20for%20CD-2-3%20DOE%20Review.aspx  

 Created by CAMs and L2s using standard cost estimation rules including estimate 

uncertainty based on maturity of design guidelines 
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Basis of Estimates 

One BoE per  
Work Package 

Supporting material 
(e.g. vendor quotes) 

https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
https://web.fnal.gov/project/cmsupgrades/SitePages/BoEs for CD-2-3 DOE Review.aspx
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Basis of Estimate  –  example 
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Basis of Estimate  –  example 

… scrolling down … 
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Basis of Estimate  –  example 

Note: DocDB has access control, versions, etc. 

Supporting materials 
(e.g. vendor quotes) 

are in DocDB 
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Basis of Estimate  –  example 

Resources explicitly identified 
Note:  in P6/Cobra terminology 
   “Labor”         = Fermilab labor 
   “Nonlabor”  = University labor 

Funding 

Resource uncertainty 
Depends on resource type 

and estimate maturity 

Estimated resources 
M&S ($) and labor (hours) 
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 How much work has been 
done? 
 CAM/CTC Managers estimate 

using variety of techniques 
o Other than LOE, effort has been 

made to keep tasks less than 3 
months long or use steps 

 Information collected via Google 
o Convenient multi-user platform 
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“Statusing”  BCWP 
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 How much has been spent on associated work 
 FNAL M&S, Labor propagate through accounting system 

 Institute Invoices through FNAL/Nebraska accounting system 

 Accruals from CAMs account for latency in Invoices vs. Status 
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Actuals Strategy 
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Flow chart of EV information processing 

NSF ACWP from NE 
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 Monthly reports and data are stored in DocDB 
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Monthly Reporting 
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Monthly Reporting 

 Written report – technical progress, issues, etc. 
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Change Control  

 Process of specifying, quantifying, approving, 

and implementing specific change 
 Documents reasons change is needed 

 Estimates impact on cost, scope, schedule 

 Ensures approval and notification at the appropriate level of 

authority 

o Thresholds specified in PEP (higher level) and Change Control 

document (lower level) 

 Particular part of the configuration management 

system associated with Project Controls 


