
NCSX Work Approval Form (WAF)

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

Description:
This WBS element consists of the manufacturing design and fabrication of the PF 
conductor assembly of the PF winding packs including interface elements for 
connections to power and cooling supply at the coils, and integration of the PF1a coils 
with the central solenoid structural elements.  

Schedule:
See Attached

Approvals:
____________________________________                     ___________________
Job Manager                                                                         Date

____________________________________                     ___________________
Responsible Line Manager                                                    Date

____________________________________                     ___________________
Project Manager                                                                   Date

____________________________________                     ___________________
Engineering Department Head                                               Date
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NCSX June 2007 ETC 
TABLE I - DESIGN LABOR

WBS Number:  132
WBS Title: PF Coils
Job Number: 1302
Job Title: PF Coil Design  
Job Manager:  Mike Kalish

Description:

HOURS

Task 
ID O

R
N

L 
EM

O
R

N
L 

D
SN

E
M

E
M

E
M

S
M

E
M

S
B

E
M

TB

E
A

E
M

E
A

D
M

E
A

S
B

E
E

E
M

E
E

S
M

E
E

S
B

E
E

TB

E
C

E
M

E
C

S
B

E
C

TB

R
M

2

R
M

3

Basis of Estimate

Title I and II Design
Complete PF Coil SRD                             24

Update PF Analysis                               160

Update analysis to reflect new coil structure, Examine stresses with fully anealed copper 
for lower manufacturing costs.  Evaluate thermal stresses with new support structure 
Engineering judgment based on past analysis. 120hrs Analyst, 40hrs Eng

Update PF Coil SDD 24 Past experience

Complete PF4 PDR Model 80
Revise model to reflect changes and coplete lead area, based on experiance with past 
iterations of PF coil design

Complete PF5 PDR Model 80
Revise model to reflect changes and coplete lead area, based on experiance with past 
iterations of PF coil design

Complete PF6 PDR Model 80
Revise model to reflect changes and coplete lead area, based on experiance with past 
iterations of PF coil design

Prepare for PDR - presentation materials Designer                                 36 12 hours per coil set
Prepare for PDR - presentation materials Eng                               52 Prepare presentation, Define interfaces and responses to design requirements
PDR                                              16 Covers personel on job who attend review
Prepare Review and Approve Conductor Spec 16 Past Experience - 1.5 days to write spec and 4hrs for revisions and approvals
Prepare Review and Approve Coil Spec          48 Past Experience - 4 days to write spec and 2days for revisions and approvals
Detail Drawings PF4                              80 16hrs per drawing 5 drawings
Disposition PDR Chits                            24 Past experience
Detail Drawings PF5                              80 16hrs per drawing 5 drawings
Detail Drawings PF6                              80 16hrs per drawing 5 drawings
Analysis Support 70 25% of analysis time to evaluate analysis and iterate design
PDR Level Design Support 60 25% of design time for development of PDR Coil Models, Engineering Judgement
Drawing Support 60 25% coverage for detailed drawing development
PF Stress analysis with leads                    120 Evaluate lead area including 
Prepare for FDR - presentation materials Designer                                 36 12 hours per coil
Prepare for FDR - presentation materials Eng                               52 Prepare presentation, Define interfaces and responses to design requirements
PF FDR                                           16 Covers personel on job who attend review

Resolve Chits                                    80
Resolve Design issues resluting from FDR, Based on past experience and engineering 
judgment

Subtotal Title I & II Design 0 0 0 0 0 0 762 612 0 0 0 0 0 0 0 0 0 0

Title III 
None - in Job 1352

Subtotal Title III Design 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Title I and II Engineering for PF Coils and Title III Support of Fabrication Effort.
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NCSX June 2007 ETC 
TABLE II - Materials and Subcontracts

Materials and Subcontracts (M&S)
Description: FY07$K HOURS
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Basis of Estimate
Procrurement & Fabrication
PF Coil RFQ and Procurement 120 Past Experience with procurement of TF Coils
Procurement Vendor Evaluation 5.00 40 Travel to Evaluate Vendors (2trips)

Conductor Procurement PF4 29.80 16
Outokumpu (Luvata) estimate and internal calculation of weight of CU (adjusted for 
COMEX prices in mid-May 2007) - See Table V

Conductor Procurement PF5 38.20 16
Outokumpu (Luvata) estimate and internal calculation of weight of CU (adjusted for 
COMEX prices in mid-May 2007) - See Table V

Conductor Procurement PF6 27.30 16
Outokumpu (Luvata) estimate and internal calculation of weight of CU (adjusted for 
COMEX prices in mid-May 2007) - See Table V

Conductor Procurement Spare 19.10 Enough copper to build one spare of any coil, Outokumpu (Luvata) estimate and 
internal calculation of weight of CU (adjusted for COMEX prices in mid-May 
2007) - See Table V

PF 4  Materials 40.90 Internal PF4 Estimate - See Table V
PF 5  Materials 52.77 24 Internal PF5 Estimate - See Table V
PF 6  Materials 42.00 24 Internal PF6 Estimate - See Table V
PF 4 Tooling 72.00 Everson e-mail (B. Umbenaur to M. Kalish) of  4/12/07 - see Table V
Fabrication of PF4 40.20 Everson e-mail (B. Umbenaur to M. Kalish) of  4/12/07 - see Table V
Fabrication of PF 5, Inlcuding Tooling 415.00 Everson e-mail (B. Umbenaur to M. Kalish) of  12/5/06 - see Table V
Fabrication of  PF 6, Including Tooling 485.00 Everson e-mail (B. Umbenaur to M. Kalish) of  12/5/06 - see Table V
Fabrication Oversight 784 During fabrication at vendor, 2days per week +80hrs drafting. Based on experience 

supporting TF Coil Procurement, Coverage is 2 days per week instead of 2.5 because coils
are simpler than TF Coils

Refurbish PF1a 80 Based on engineering evaluation of condition of PF1A
PF Inspection and Testing 120 60 One week per fcoil set (upper & lower) for EMTB - basis of estimate
PF1a Assembly 160 40 two technicians for two weeks with oversight - includes assembly of buswork but not 

fabrication of buswork, Based on engineering judgement and evaluation of the number of 
parts to assemble
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NCSX June 2007 ETC 
TABLE III - Fabrication/Assembly Installation

In-house Fabrication and Assembly and Installation

Description: Incl in Field Period Assembly and Machine Assembly Jobs
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NCSX June 2007 ETC 
TABLE IV - Uncertainty of Estimate and Residual Risk Assessment

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

Uncertainty of the Estimate

High Medium Low
Uncertainty 
Range (%) Comments/Other Considerations

Job 1302 -15%/+25%
Design Maturity X

Design Complexity X PPPL has significant experience designing conventional solid copper round coils (e.g., TFTR, PLT, PBX-M, etc.)

Job 1352 -15%/+25%
Design Maturity X

Design Comlexity X

Note:  High/Medium/Low uncertainty assessment from Job Manager. Uncertainty range based on AACEI recommended practice 18R-97 as amended for NCSX.

Residual Impacts
Schedule Impact

Job
Likelihood of 

Occurring Low High Low High

1302 - NONE

1352 VU + $15 + $35 + 0.00 + 0.00

U + $0 + $300 + 0.00 + 0.00

Notes:
[1] Low cost and schedule impacts are considered the minimum (0-percentile) impacts should the event occur.

High cost and schedule impacts are considered the maximum (100-percentile) impacts should the event occur
[2] Cost impacts should be entered as man-hours (by demographic) and M&S direct cost under basis of estimate.

Cost impacts should NOT include standing army costs which are separately calculated from the schedule impact
Project control is reponsible for quantifying the low and high cost impacts based on the labor hours and M&S identified

[3] The schedule impacts should be entered as the min and max impacts on the critical path.
If there is no critical path impact then the schedule entries should be zero.

[4] Likelihood of occurrence should be entered consistent with our risk classification methodology, i.e.
 VL= Very Likely (P>80%), L=Likely (80%>P>40%), U=Unlikley (40%>P>10%), VU=Very Unlikely (P<10%), NC=Non-credible (P<1%)

Still in initial design phases - although much design work accomplished, still haven't held PDR. Interfaces with coil structures still
not finalized.

Still in initial design phases - although much design work accomplished, still haven't held PDR. Interfaces with coil structures still not 
determined.
Both PPPL  and outside vendors have significant experience manufacturing  conventional solid copper round coils (e.g., TFTR, PLT, PBX-M, 
etc.)

Other Comments: Have budget estimates from a single vendor, risk that final estimate could increase.  See COMEX quote on 5/10/2007. Original pricing based on April COMEX quote @ $3.14/lb => as of May 10, 2007, 
now at ~$3,60/lb  => used this COMEX quote as of mid-May.

Cost Impact

Risk Description Mitigation Plan Basis of estimate

Conductor for extra coil will be 
procured in advance and 
available to wind a new coil if 
required.  Float in schedule 
appears adequate to avoid 
critical path impact.

Increase PPPL Title III by ~1 
man-month

No suitable PF coil vendor submits bid.  PC coils 
need to be built in-house.

PF is last major, special 
procurement.  Sources sought 
received two qualified 
respondants.  Capability to 
build at PPPL exists if needed.

Cost impact estimated to be up 
to $300k (1/3 of fabrication 
costs) for potentially higher 
labor rates at PPPL.  No impact 
on critical path expected.

PF vendor produces a non-compliant coil requiring 
fabrication of an additional coil
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NCSX June 2007 ETC 
TABLE V - Basis of Estimate

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

M&S Estimate Backup

Internal Estimate of Materials - based on quotes (Outokumpo), past procurements, & engineering 
judgement & calculations.

PF-5/PF-6 Tooling and Fabrication of PF-5 & PF-6
Everson Quote on PF5 and PF6 Fabrication and Tooling
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NCSX June 2007 ETC 
TABLE V - Basis of Estimate

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

PF-4 Tooling & Fabrication of PF-4

CU Cost Estimate - Internal 
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NCSX June 2007 ETC 
TABLE V - Basis of Estimate

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

PF4 Drawing

PF5 Drawing

Outokumpo Quote
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NCSX June 2007 ETC 
TABLE V - Basis of Estimate

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

PF6 Drawing

Job1302_1352_R2.xls Table V - Basis of Estimate    4 of 5 6/29/2007   9:08 AM



NCSX June 2007 ETC 
TABLE V - Basis of Estimate

WBS Number:  132
WBS Title: PF Coils
Job Numbers:  1302 and 1352
Job Title:  PF Coil Design (1302) and PF Coil Procurements (1352)
Job Manager:  Mike Kalish

Everson Quote on PF Fabrication 
and Tooling
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days
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Proposed
Budgeted

Job: 1302 - PF  Design -KALISH
FY07 Rebaseline Exercise

ECP53RBX02 FY07 Rebaseline exercise 22* 01MAY07A 31MAY07A 4,529.98

1302-200 Complete PF Coil SRD 20 01AUG07* 28AUG07 15 4,181.52

1302-205 Update PF Analysis 40 29AUG07 24OCT07 67 28,706.96

1302-210 Update PF Coil SDD 40 25OCT07 21DEC07 67 4,458.24

1302-211 Complete PF4 PDR Model 20 29AUG07 26SEP07 15 13,938.40

1302-212 Complete PF5 PDR Model 20 27SEP07 24OCT07 15 14,768.56

1302-213 Complete PF6 PDR Model 20 25OCT07 21NOV07 15 14,860.80

1302-251 PDR Level Design Support Support 62 29AUG07 23NOV07 23 10,900.12

1302-220 Prepare for PDR 10 22NOV07 07DEC07 15 16,346.88

1302-225 2 PDR 2 10DEC07 11DEC07 15 2,972.16

1302-214 Prepare,Review & Approve conductor spec 20 02JAN08* 29JAN08 32 2,972.16

1302-216 Prepare,Review & Approve coil spec 20 30JAN08 26FEB08 32 8,916.48

1302-240 Disposition PDR Chits 20 12DEC07 17JAN08 55 4,458.24

1302-235 Detail Drawings PF4 20 12DEC07 17JAN08 15 14,860.80

1302-245 Detail Drawings PF5 20 18JAN08 14FEB08 15 14,860.80

1302-260 Detail Drawings PF6 20 15FEB08 13MAR08 15 14,860.80

1302-250 Analysis Support 60 12DEC07 13MAR08 15 13,003.20

1302-217 Drawing Support 60 12DEC07 13MAR08 15 11,145.60

1302-218 PF Stress Analysis with leads 30 12DEC07 31JAN08 45 22,291.20

1302-265 Prepare for FDR 5 14MAR08 20MAR08 15 16,346.88

1302-270 3 PF FDR 2 21MAR08 24MAR08 15 2,972.16

1302-275 Resolve Chits 20 25MAR08 21APR08 110 14,860.80

Subtotal 0 21APR08 110 257,212.74

FY07 FY08 FY09 FY10 FY11 FY12

EA//EM =40hr ;

EA//EM =24hr ;

EA//EM =160hr ;

EA//EM =24hr ;

EA//EM =00hr ; EA//DM =80   ;

EA//EM =00hr ; EA//DM =80   ;

EA//EM =00hr ; EA//DM =80   ;

EA//EM =60hr ;

EA//EM =52hr ; EA//DM =36   ;

EA//EM =16hr ;

EA//EM =16hr ; EA//SB =00hr ;

EA//EM =48hr ; EA//SB =00hr ;

EA//EM =24hr ;

EA//DM =80   ;

EA//DM =80   ;

EA//DM =80   ;

EA//EM =70hr ;

EA//EM =60hr ; EA//SB =00hr ;

EA//EM =120hr ; EA//SB =00hr ;

EA//EM =52hr ; EA//DM =36   ;

EA//EM =16hr ;

EA//EM =80hr ;
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Job: 1352 - PF Coil Procurement-KALISH
PF Coil Fabrication

141-035 Bid & Award PF Coil Fabrication 45 25MAR08 27MAY08 15 35,811.60

141-036 2 PF Coils  Awarded 0 27MAY08 15 0.00

141-037 Bid & Award Conductor 25 22APR08 27MAY08 85 8,916.48

141-038 3 PF Conductor  Awarded 0 27MAY08* 85 0.00

141-038.1 PF Conductor  Delivery 65 28MAY08 27AUG08 85 149,635.20

141-039 Bid & Award Materials 25 27JUN08 01AUG08 58 8,916.48

141-040 PF Materials   Awarded 0 01AUG08* 58 0.00

1352-100 Materials Delivery PF 4,5,6 45 04AUG08 06OCT08 58 178,529.66

1352-121 Design/Fab Tooling for PF 5 80 28MAY08 18SEP08 15 280,747.50

1352-122 Design/Fab Tooling for PF 6 80 28JUL08* 17NOV08 18 331,639.61

1352-120 Tooling for PF 4 55 25JUL08* 10OCT08 54 74,072.29

1352-150 Fabricate/Dlvr PF 4 lower 35 13OCT08 02DEC08 54 21,125.10

1352-151 Fabricate/Dlvr PF 4 upper 45 03DEC08 12FEB09 405 21,125.10

1352-165 Fabricate/Dlvr PF 5 Lower 45 19SEP08 20NOV08 15 73,821.95

1352-145 Fabricate/Dlvr PF 6 Lower 45 21NOV08 04FEB09 15 86,654.95

1352-166 Fabricate/Dlvr PF 5 Upper 35 05FEB09 25MAR09 341 74,148.05

1352-146 Fabricate/Dlvr PF 6 Upper 35 26MAR09 13MAY09 341 86,654.95

141-031 Title III engr WBS 132 241 28MAY08 14MAY09 846 LOE 148,348.45

141-900 PF4 Lower Inspection & Test 5 03DEC08 09DEC08 54 3,561.30

141-900A PF4 Upper Inspection & Test 5 13FEB09 19FEB09 405 3,561.30

141-901 PF5 Lower Inspection & Test 5 21NOV08 01DEC08 60 3,561.30

141-902 PF6 Lower Inspection & Test 5 05FEB09 11FEB09 15 3,561.30

141-905 PF5 Upper Inspection & Test 5 26MAR09 01APR09 376 3,561.30

141-906 PF6 Upper Inspection & Test 5 14MAY09 20MAY09 341 3,561.30

141-903 Refurbish PF 1a 20 18FEB10* 17MAR10 101 6,820.80

141-904 Assemble PF1a and CS structure 30 18MAR10 28APR10 101 21,550.00

Subtotal 522 25MAR08 28APR10 610 1,629,885.97

FY07 FY08 FY09 FY10 FY11 FY12

EA//EM =160hr ; 35=05$k ;

EA//EM =48hr ;

41=114.4$k ;

EA//EM =48hr ;

41=136$k ;

48=273.9$k ;

48=320.1$k ;

48=72$k ;

48=20.1  ;

48=20.1  ;

48=70.55   ;

48=82.45  ;

48=70.55   ;

48=82.45  ;

EA//EM =784hr ;

EA//EM =10hr ; EM//TB =20hr ;

EA//EM =10hr ; EM//TB =20hr ;

EA//EM =10hr ; EM//TB =20hr ;

EA//EM =10hr ; EM//TB =20hr ;

EA//EM =10hr ; EM//TB =20hr ;

EA//EM =10hr ; EM//TB =20hr ;

EM//TB =80hr ;

EM//TB =160hr ; EA//EM =40hr ;
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