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C50/C75/C100  

†New cells or new processing required to achieve higher Q’s and gradients  

*Engineering required at additional cost (not included) 
‡Digital LLRF required 

C50 Estimate  
• Based on C50-11 + escalation  
• Added Mag shielding  & NEG Pumps 

C75 Estimate  
• Based on C50-11 with C75 Cavities  
• Includes Actual Vendor Quotes as of June2017 for Cavity Fab, Ingot & Ingot Slicing (reusing end groups )  
• Includes Mag shielding  & NEG Pumps 
C100 Estimate   

• Includes updated quotes from Vendors for one Cryomodule as of August 2017 for the following major procurements  
• Nb & Cavities, He Vessel, Tuners, Thermal Shield, Magnetic Shield, Vac Vessels  (End cans were not requoted).  

•  All other procurements used escalation + scaling factor (+15%)  due to low volume buys 
• C75 & C100  - LL RF for C75 & C100  and High power (for C100)  based on cost estimate from C. Hovator (June2017)  
What is not included  

• One time R&D costs for Cavity Development (already done)  
• One time cost for LL RF Development to address obsolesce (same design for c50, C75 and/or C100 zones) 
• Wave Guide Vendor Development + 8 Wave Guides  
 

Ref. DRAFT C50 vs C75 vs C100 Rev 49- 13Feb2017 

†New cells  or new processing required to achieve higher Q’s and gradients  

*Engineering required at additional cost (not included) 
‡Digital  LLRF required 

    Update - February 2018, with new vendor quotes for C75 & C100                

  

# Cav 
cells 
/cav 

cav 
length m 

Active 
Length 

m 
fill factor 

% MV 

volts 
/cav  
(MV) 

gradient 
(MV/m) 

klystron 
power 

unit cost 
(FY18 M$ 

Direct) *RF Cost 
Total Cost 

FY18 Direct 
MV 

(gain) 
V(gain) 

/$ 

C50 8 5 0.5 4 48.1 50 6.25 12.5 6 1.42   1.42 20 14.1 

C75† 8 5 0.5 4 48.1 75 9.4 18.8‡ 8 1.76 0.84 2.60 45 17.3 

C100‡ 8 7 0.7 5.6 64.4 100 12.5 17.9‡ 13 4.57 1.81 6.38 70 11.0 

2/15/2018 C75 Project and Implementation Review 
3 



Adjusted CPP Schedule 

Fiscal Year Modules Installed during SAD 
FY18 F100, SL21 

FY19 C75-01 

FY20 C75-02, C100-Refurb-0 

FY21 C75-03, C75-04, C100-Refurb-1 

FY22 C75-05, C75-06, C100-Refurb-2 

FY23 C75-07, C75-08, C100-Refurb-3 

FY24 C100-Refurb-4 

FY25 C75-09 

FY26 C100-Refurb-5 

FY27 C75-10 
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CPP Cryomodule Plan  
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Fiscal Year

LCLS II

Cavity Qual

Cavity String 

CM assembly

CM Test

C75-01 

In-house cavity pair

Procedure development and tooling

Cavity processing

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

Nb3Sn QCM

QCM CM Assembly

C75-02

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

C100

Placeholder for 1st Rework

FY20

Nov Dec Jan Feb Mar Apr May Jun Jul Aug SepOctMay Jun Jul Aug SepMar AprNov Dec Jan FebJun Jul Aug Sep Oct

FY18 FY19

Plan C75-01 and C75-02 
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Forecasted C75-01 FTE per Month 

Based on C50-11 Actuals 

Fiscal Year

C75-01 

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly 5.5 months

Acceptance test 1.5 months

Install and commission 1 month

Total FTE

4 months

months7

FY18 FY19

0.12 0.25 0.5 0.5 0.85 0.85 1.4 1.2 1.2 0.8 0.8 0.6 0.5

Mar Apr MayNov Dec Jan FebJun Jul Aug Sep Oct Jun Jul Aug Sep
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Forecasted C75-01 FTE per Month 

Based on C50-11 Actuals 
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C50-11 Actual FTE per Month   

C75 Project and Implementation Review 2/15/2018 

FY13/14

C50-11

CM Disassembly

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

Total FTE 0.86 0.77 0.55 0.1

Oct '13

0.16 0.16 0 0.31 0.88 1.28 1.52 1.61 1.11

Apr '13 May '13 Jun '13 Jul '13 Aug '13 Sep '13Oct '12 Nov '12 Dec '12 Jan '13 Feb '13 Mar '13

Total = 9.3 FTE 
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PLC Labor Type 

Total 

FTEs

Scientist 0.12

ComSci 0.14

ElcEng + EACII 0.13

ElcTec 1.15

MecEng + MACII 1.32

MecTec 5.68

Sr Staff 0.51

Misc 0.25



LCLS II Ramp Down and C75-01 
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Fiscal Year

Pull a C20 Cryomodule

Pull a C100 Cryomodule

C75-01 to Tunnel

Pull a C20 Cryomodule

C75-02

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

C100-00

Rework C100-01

C75-03

Disassemble C20 CM

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

C75-04

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

C100-01

Rework C100-02

Install and commission 

Aug SepFeb Mar Apr May Jun Jul

FY21

Oct Nov Dec JanApr May Jun Jul Aug SepOct Nov Dec Jan Feb MarApr May Jun Jul Aug SepOct Nov Dec Jan Feb MarJun Jul Aug Sep

FY18 FY19 FY20

A Plan for Completing (2) C75 + (1) C100 

(16) Cavity procurement, 
implies we make or locate (8) 
additional end-group pairs 
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Forecast FTE per Month at Peak 
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Fiscal Year

Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21

C75-02 Cryomodule

C100-01 Cryomodule

C75-03 Cryomodule 

C75-04 Cryomodule 

C100-02 Cryomodule

C75-05 Cryomodule

C75-06 Cryomodule

C75-02 Cryomodule 0.53

C100-01 Cryomodule 1.23 1.23 0.83 0.83 0.63 0.53

C75-03 Cryomodule 0.12 0.25 0.50 0.50 0.85 0.85 1.40 1.20 1.20 0.80 0.80 0.60 0.50

C75-04 Cryomodule 0.53 0.53 0.88 0.88 1.43 1.23 1.23 0.83 0.83 0.63 0.53

C100-02 Cryomodule 0.53 0.53 0.88 0.88 1.43 1.23 1.23 0.83 0.83 0.63 0.53

C75-05 Cryomodule 0.53 0.53 0.88 0.88 1.43 1.23 1.23

C75-06 Cryomodule 0.53 0.53 0.88

Total FTE per Month 1.89 1.48 1.33 1.33 2.02 1.92 2.28 2.08 3.17 2.57 2.92 2.32 3.30 2.40 2.65 1.72 2.80 2.40 2.65

FY20 FY21



Infrastructure for C75 Cryomodules 

• Space to add a 4th rail 
for CEBAF modules 
during LCLS II 

• Decision not to add 
for C75-01 
– Plan to use exisitng 

rails similar to C50-13 

• Cryo-unit rails will be 
added for C75-01 

• Timing for adding 4th 
rail will be driven by 
future work 

C75 Project and Implementation Review 2/15/2018 
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SRF Organization 

SRF Engineering SRF Beam Support Cryomodule Group Cavity Processing

(DALY, E.) DRURY, M. LEGG, B. DAVIS, K.

BROCK, J. DUTTON, S.

CLEMENS, W. HUMPHRY, F. J. Cryomodule Assembly Tuning/HT/Assembly

HENRY, J. FISCHER, J. FOREHAND, D.

HUQUE, N. CAMPBELL, J. DREYFUSS, C.

TURLINGTON, L. SRF Project Support DESALVO, T. (t) OVERTON, R.

WILLIAMS, S. MCEWEN, A. LAWRENCE, S. (t) SESSOMS, T. (t)

MARTIN, J. WILDESON, A. (t)

BOOKWALTER, V. MURPHY, M. (t)

Technical Facilities SALVADOR, M. (t) PAGE, L. Chemistry

DENNY, P. BUCK, C. (s) PROSPER, T. FOLLKIE, J.

BARNES, C. (t) TUCKER, D. (t) ANDERSON, A.

BENNETT, R. CARPENTER, B. WILCOX, C. HARRIS, T.

CASTAGNOLA, S. DEKERLEGAND, A. JOHNSON, C.

DAIL, D. OGLE, J. (t) WORLAND, K.

DICKEY, M. ANTHONY, M. SRF Test &

QA ORGANIZATION AUSTON, A. Measurement

(LEUNG, J.) McCREA, M. GOODMAN, T.

SRF Accelerator Systems 11761 -Assembly Tech  (new) KUSHNICK, P.

POWERS, T. 11762 - Assembly Tech/Welder  (new) STIRBET, M.

WILSON, C.

Production Coordinator KING, L.

MACHA, K. BROCK, N. (t)

MORRONE, M.

ZHAO, L. (t)

SRF OPERATIONS

REILLY, A.

(SRFOPS)

DALY, E. 

Key Points 
• Cavities/Cryomodules move through 

work centers 
• Work centers have leads 
• Do not have project based dedicated 

teams 
• Work is prioritized scheduled in 

weekly planning sessions 
• Schedule is reviewed daily (twice) 

C75 Project and Implementation Review 
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SRF Facilities at JLab 

Start 

Ship 

Located in Annex – 
Receiving 
Inspection 
Inventory 

Offsite Storage 
(Production) 

CMM/RF Checks 

C75 Project and Implementation Review 



SRF Quality Management System 

• Goal to enable high quality, highly effective and efficient 

operations in fulfilling the SRF Mission. 

 Models the ISO 9001 Quality Standards. 

 Supplements the Jlab lab-wide Quality Assurance Plan.  

• Structured deployment of quality assurance practices 
through quality policy and procedures. 

• System is being implemented and continually improved. 

C75 Project and Implementation Review 2/15/2018 
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a)  Process elements are based on ISO 9001 
 
b)  Lists a full set of quality process procedures (section 2). 
 
c)  Explains different levels of process documents (section 3). 
 
d)  Supplements lab-wide Jlab Quality Assurance Plan (section 3). 
 
e)  Describes SRF process interactions (section 4.2.2.1). 
 
f)  Captures SRF Mission Statement (section 5.3). 
 
g)  Explains SRF quality objectives (section 5.4.1). 
 
h)  …..… and the quality processes (section 5.5 to section 8.5). 

Highlights: 

Quality Policy:  SRF Quality Manual QA-M-001 

A “Road Map” describing the SRF Mission, the quality assurance/control 
systems, and mechanism to produce high quality deliverables.    

C75 Project and Implementation Review 2/15/2018 
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Data, Document & Process Management   

• Data Management & Storage 

– subcomponent test data 

– processing & testing procedures  

– Inventory 

– R&D and Production  

 

• Knowledge Management    

– to Maximize learning from 

expensive prototyping and low-

volume production 

– Adopted by other DOE Lab  

– SNS (Spallation Neutron Source) 

– LCLS-II Cryomodules at JLAB 

PANSOPHY  
A Process & Data Management Tool  

C75 Project and Implementation Review 2/15/2018 
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DocuShare Tool 

Data, Document & Process Management   

 Web-accessible centralized file storage 

database (Lab-wide & SRF). 

 Controlled-Sharing access to site 

content. 

 Collection-Based filing structure. 

 Files for SRF organizational info, Quality 

Management System, Project 

Management, procedures, travelers, etc. 

 Plus other account and content features. 
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Pansophy Traveler – An Example 

Traveler Cover Page: 

 
 Descriptions & approvals.  
 Links to associated 

procedures. 
 Revision history. 
 

DATA INPUT –  
 
1. Process instructions & steps to guide work flow. 
2. Data Input – data entry and comments made by 

user at prescribed process points. 
3. ‘Hooks’ to inventory system – automatic serial 

number push and I.D.s for individual components 
and assemblies. 
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Pansophy Traveler – An Example (cont.) 

• Status Board - provides snapshot of work-in-process. 
• Data Query and Filter Functions for REPORTs on selected parameters. 
• Export function to MS Excel for other data analyses. 

DATA OUTPUT 

Status Board 

Traveler Report 

Query 

C75 Project and Implementation Review 2/15/2018 
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Control of Non-Conforming Product (MAI-P-004) 

 Formal process for identification and disposition of Non-Conforming 

products. 

 Process Integration between quality control, inventory control, and the 

production Travelers. 

 Tie-ins to Pansophy for automatic Non-Conforming Reporting. 

 A Supplemental Tool for capturing “Off-Normal” events that occur 

before, during or even after the production process. 

 Tie-ins to Pansophy for automatic reports and search query. 

Non-Conforming Reports (NCRs): 

Detours, Deviations and Discrepancies (D3s): 

C75 Project and Implementation Review 2/15/2018 
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Traveler Reports 
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NCR Reports 
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Status Boards and Drilldowns 
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Summary 
• Resources for C75 cryomodules are well understood 

– Based off of C50 refurbishment program – 13 CM completed 

– C75 introduces new cavity shape, modifications to tuner ends 
and supports for HOM elbows 

• LCLS II will bring challenges to C75-01 (and possibly C75-02) 
– C50-13 was completed on schedule in the midst of LCLS II 

– CPP is top priority for the Lab, LCLS II is also a high priority 

– Stretching out C75-01 helps manage resource loading 

– May need to add resources depending on LCLS II future work 
• If LCLS II is extended, HE is added  

• A plan has been made to meet the CPP for FY18 and beyond 
– Strategically start cryomodules ahead of FY installation dates   

• The SRF organization and means for completing cryomodule 
assembly projects is well established and experienced 
– Completed about 60 cryomodules 

– Currently working on C75-01(currently in the books as C50-13) 

• SRF quality systems are established, C75 specific in progress 

2/15/2018 C75 Project and Implementation Review 
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Backup  
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Back Up - C50/C75/C100  

†New cells or new processing required to achieve higher Q’s and gradients  

*Engineering required at additional cost (not included) 
‡Digital LLRF required 

What changed from August 2015 to January 2016 ? 
• C75 & C100 - Addition of RF (assumes C50 still usable) 
• C75 - Improved estimate for in House Fabrication and other costs  
What changed from January 2016 to February 2018 ? 
• C50 & C75 - Mag shielding  & NEG Pumps added  
• C75 - Actual Vendor Quotes for Cavity Fab, Ingot & Ingot Slicing (reusing end groups ) 
• C75 & C100  - LL RF based on cost estimate from C. Hovator (June2017)  
• C100 New Vendor (1-CM)  quotes (Aug2017) for Nb & Cavities, He Vessel, Tuners, Thermal Shield, Magnetic Shield, Vac Vessels 
What is not included ?  
• One time R&D costs for Cavity Development (already done)  
• One time cost for LL RF Engineering & Development to address obsolesce (same design for C50, C75 and/or C100 zones) 
• Wave Guide Vendor Development + 8 Wave Guides  

Ref. DRAFT C50 vs C75 vs C100 Rev 49- 13Feb2017 

†New cells or new processing required to achieve higher Q’s and gradients 

*Engineering required at additional cost (not included) 
‡Digital LLRF required 

    From Accelerator "STAY Treat" July2015) - see Slide 6                 

  

# Cav 
cells 
/cav cav length m 

Active 
Length m fill factor % MV 

volts 
/cav  
(MV) 

gradient 
(MV/m) 

klystron 
power 

unit cost (FY16 
M$ Direct) RF Cost 

Total Cost FY16 
Direct 

MV 
(gain) 

V(gain) 
/$ 

C50 8 5 0.5 4 48.1 50 6.25 12.5 6 1.51     20 13.3 

C75† 8 5 0.5 4 48.1 75 9.4 18.8‡ 8 1.91     45 23.6 

C100‡ 8 7 0.7 5.6 64.4 100 12.5 17.9‡ 13 4.77     70 14.7 

    Update - January 2016                       

  

# Cav 
cells 
/cav cav length m 

Active 
Length m fill factor % MV 

volts 
/cav  
(MV) 

gradient 
(MV/m) 

klystron 
power 

unit cost 
(FY16 M$ Direct) *RF Cost 

Total Cost FY16 
Direct 

MV 
(gain) 

V(gain) 
/$ 

C50 8 5 0.5 4 48.1 50 6.25 12.5 6 1.23   1.23 20 16.3 

C75† 8 5 0.5 4 48.1 75 9.4 18.8‡ 8 1.73 0.77 2.50 45 18.0 

C100‡ 8 7 0.7 5.6 64.4 100 12.5 17.9‡ 13 4.30 1.56 5.85 70 12.0 

    Update - February 2018, with new vendor quotes for C75 & C100                

  

# Cav 
cells 
/cav cav length m 

Active 
Length m fill factor % MV 

volts 
/cav  
(MV) 

gradient 
(MV/m) 

klystron 
power 

unit cost 
(FY18 M$ Direct) *RF Cost 

Total Cost FY18 
Direct 

MV 
(gain) 

V(gain) 
/$ 

C50 8 5 0.5 4 48.1 50 6.25 12.5 6 1.42   1.42 20 14.1 

C75† 8 5 0.5 4 48.1 75 9.4 18.8‡ 8 1.76 0.84 2.60 45 17.3 

C100‡ 8 7 0.7 5.6 64.4 100 12.5 17.9‡ 13 4.57 1.81 6.38 70 11.0 
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Approx. Labor for CM Projects 

Fiscal Year

LCLS II

Cavity Qual ~ 4 FTE

Cavity String ~ 3 FTE

CM assembly ~ 20 FTE

CM Test ~ 3 FTE

Approx. Technician FTE

C75-01 

In-house cavity pair

Procedure development and tooling

Cavity processing

Cavity Procurement

Cavity process and qual

Cryounit Assembly

Cryomodule assembly

Acceptance test

Install and commission 

Total FTE

327 23 23 23 2331 31 31 31 31

FY18 FY19

0.12 0.25 0.5 0.5 0.85 0.85 1.4 1.2 1.2 0.8 0.8 0.6 0.5

Mar Apr MayNov Dec Jan FebJun Jul Aug Sep Oct Jun Jul Aug Sep
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Projected C75 Labor by Resource Type 
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C75-01 FTE

Jun '18 Jul '18 Aug '18 Sep '18 Oct '18 Nov '18 Dec '18 Jan '19 Feb '19 Mar '19 Apr '19 May '19 Jun '19

Scientist 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01

ComSci 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01

ElcEng+EACII 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01

ElcTec 0.01 0.03 0.06 0.06 0.10 0.10 0.17 0.15 0.15 0.10 0.10 0.07 0.06

MecEng+MACII 0.02 0.04 0.07 0.07 0.12 0.12 0.20 0.17 0.17 0.11 0.11 0.09 0.07

MecTec 0.07 0.15 0.31 0.31 0.52 0.52 0.86 0.73 0.73 0.49 0.49 0.37 0.31

Sr Staff 0.01 0.01 0.03 0.03 0.05 0.05 0.08 0.06 0.06 0.04 0.04 0.03 0.03

Misc 0.00 0.01 0.01 0.01 0.02 0.02 0.04 0.03 0.03 0.02 0.02 0.02 0.01

0.12 0.25 0.50 0.50 0.85 0.85 1.40 1.20 1.20 0.80 0.80 0.60 0.50

Derived from C50-11 actuals 



Cost and FTE for C50-11, 12 and 13 

Direct $

1.04.09.002 C50-11 FY13 FY14 FY15 FY16 FY17 Total Cost

Labor 762.250$    74.155$   13.023$   -$         -$         849.428$    

Non-Labor 263.372$    4.788$     -$         -$         -$         268.160$    

Total 1,025.622$ 78.943$   13.023$   -$         -$         1,117.588$ 

FTEs 8.59            0.57         0.09         -           -           9.25            

1.04.09.004 C50-12 FY13 FY14 FY15 FY16 FY17 Total Cost

Labor -$            153.683$ 153.070$ 519.033$ 36.468$   862.254$    

Non-Labor -$            62.269$   105.208$ 161.721$ 0.907$     330.105$    

Total -$            215.952$ 258.278$ 680.754$ 37.375$   1,192.359$ 

FTEs -              1.39         1.38         5.87         0.38         9.02            

1.04.09.010 C50-13 FY13 FY14 FY15 FY16 FY17 FY18 Total Cost

Labor -$            -$         -$         -$         363.508$ 18.504$      382.012$    

Non-Labor -$            -$         -$         -$         211.607$ -$            211.607$    

Total -$            -$         -$         -$         575.115$ 18.504$      594$           

FTEs -              -           -           -           4.07         0.16            4.23            
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C50-13 NP Actuals ($575k direct) 

C50-11 and C50-12 actuals were each ~ $1,150k 

direct 

Differences with C50-13 explains cost 

• Started out as a C50 cryomodule (C50-7), not a C20 
– Minimal cavity processing was required to regain the gradient 

• Lower cost to recover the cavities ($108k for C50-13 vs. $370k for 

C50-12) 

• AIPNCP was created and used to cover the cost of the 

“C75” cryounit 

– Cost for roughly one-fourth of the module refurbishment was 

shifted to AIP($324k direct in FY17) 

• Acceptance testing was not preformed in the CMTF ( ~ 

$47k direct) 

• Commissioning will be done in FY18 (~ $34k) 
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FY18 Plan for CM Refurbishment 

• Cost for C50-11 and C50-12 was about $1150k, 
each 

• Use AIP funds to purchase and qualify (8) 
upgraded cavities 

– Industry provides fabricated cavities 

– Process and test in house 

• Use NP funds to refurbish the C20 cryomodule 

– Same as C50-12 for example minus cavity processing 
and testing 

• Amount needed from NP is $1185k-$350k = $835k 

• Amount needed from AIP is $250 (buy) + $370k = 
$620k 
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