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In addition the NSTX Upgrade will require analysis of the passive plates for disruption and thermal loads. CDR level calculations were 
performed that addressed one of five disruptions. The remaining identified disruptions are to be completed during Preliminary Design. During 
Final design, analysis updates are expected as a result of preliminary design evolution. Modest hardware upgrades are anticipated are 
anticipated as part of this task. Additions of accelerometers or other diagnostics to benchmark calculations with actual performance in NSTX 
are also anticipated. This analysis effort is included in this WBS element.

   1- A detailed Control Account schedule showing all work packages and planning packages.

   2- Budgeted Cost by month.

   3- Original Work Authorization Form (WAF)

Passive Plate Analysis &Upgrade

Plasma Facing Components

4 January 2010 through 23 March 2011

Authorized Budget: Titus



Activity
ID

SC Activity
Description

Work
Days

BASELINE
START

Forecast
Start

BASELINE
FINISH

Forecast
Finish

Schedule
Slip (Days)

Total
Float

Budgeted
Cost

n
n
%

PPCTe
B

Earned value
cost (BCWP) m

Bg
o
%CPlanned value

cost (BCWS)

NSTX Upgrade Project
Subtotal 461 04JAN10A 04JAN10A 23MAR11 28OCT11 -154 242 253,999.49 238,481.82 250,920.34

Job: 1002 -Passive Plate Analysis &Upgrade-TITUS
Subtotal 461 04JAN10A 04JAN10A 23MAR11 28OCT11 -154 242 253,999.49 238,481.82 250,920.34

1000-0014 Maintain Disruption Scenarios (xfer from 1000) 241* 01JUL10A 01JUL10A 25FEB11 17JUN11 -79 126 18,705.28 85 15,666.23 18,430.86

1002-0005 Check/Correct Vector Potential Solution 21 03MAY10A 03MAY10A 01JUN10A 01JUN10A 0 0.00 100 0.00 0.00

1002-0014 Disposition PDR Chits 144* 02JUN10A 02JUN10A 03JAN11 02DEC10A 16 14,288.68 100 14,413.76 14,413.76

1002-0015 Check/Correct Vector Potential Solution 200* 02JUN10A 02JUN10A 22MAR11 29OCT10A 94 14,055.04 100 14,693.94 14,693.94

1002-0016 Run Disruption files based on lower
background F

200* 02JUN10A 02JUN10A 22MAR11 29OCT10A 94 10,541.28 100 11,020.46 11,020.46

1002-0017 Add Halo Loads 262* 02JUN10A 02JUN10A 22MAR11 17JUN11 -62 126 7,432.22 85 6,244.92 7,346.97

1002-0018 Complete Bolting and Bracket Evaluation 262* 02JUN10A 02JUN10A 22MAR11 17JUN11 -62 126 3,716.11 90 3,306.14 3,673.49

1002-0019 Monitor fiberoptic Disruption Instrumentation 200* 02JUN10A 02JUN10A 22MAR11 02DEC10A 72 7,144.34 100 7,346.97 7,346.97

1002-0020 Fatigue Assessment / Evaluation 218* 02JUN10A 02JUN10A 22MAR11 15APR11A -18 7,376.71 100 7,346.97 7,346.97

1002-0021 Input to the DCPS 200* 02JUN10A 02JUN10A 22MAR11 29OCT10A 94 7,027.52 100 7,346.97 7,346.97

1002-0025 Determine Passive Plates Hardware Impact 241* 02JUN10A 02JUN10A 22MAR11 18MAY11 -41 126 3,704.13 75 3,674.62 4,899.49

1002-0025A Procure 1000 718 bolts 20 03OCT11* 28OCT11 0 242 5,515.80 0.00 0.00

1002-0029 Bracket re-work, in-house 241* 02JUN10A 02JUN10A 22MAR11 18MAY11 -41 126 3,704.13 10 367.35 3,673.49

1002-0030 Drawing Update (As Builts) 241* 02JUN10A 02JUN10A 22MAR11 18MAY11 -41 126 7,408.25 50 3,673.49 7,346.97

1002-0099 PP analysis complete for FDR 119* 23MAR11* 03JAN11A 23MAR11 17JUN11 -61 126 0.00 75 0.00 0.00

FY101002 FY10 Actual Cost 105 04JAN10A 04JAN10A 28MAY10A 28MAY10A 0 84,302.00 100 84,302.00 84,302.00

FY101002A FY10 Actual Cost 110 03MAY10A 03MAY10A 30SEP10A 30SEP10A 0 59,078.00 100 59,078.00 59,078.00

FY11 FY12 FY13 FY14 FY15 FY16
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1002 Passive Plate Analysis & Upgrade (Titus) START      28FEB2009  31MAR2009  30APR2009  31MAY2009  30JUN2009  31JUL2009  31AUG2009  30SEP2009  31OCT2009  30NOV2009  31DEC2009 
BCWS 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWS 0 0 0 0 0 0 0 0 0 0 0 0

BCWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWP 0 0 0 0 0 0 0 0 0 0 0 0

ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CV 0 0 0 0 0 0 0 0 0 0 0 0

SV . . . . . . . . . . . .

CPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

SPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A



1002 Passive Plate Analysis & Upgrade (Titus)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2010  28FEB2010  31MAR2010  30APR2010  31MAY2010  30JUN2010  31JUL2010  31AUG2010  30SEP2010  31OCT2010  30NOV2010  31DEC2010 
16 16 18 18 27 22 23 24 23 13 12 10

16 32 51 68 95 117 140 165 188 201 213 224

0 0 0 0 0 0 0 0 0 0 0 214

0 0 0 0 0 0 0 0 0 0 0 214

0 0 0 0 0 0 0 0 0 0 0 183

0 0 0 0 0 0 0 0 0 0 0 183

0 0 0 0 0 0 0 0 0 0 0 31

-16. -32. -51. -68. -95. -117. -140. -165. -188. -201. -213. -10.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.17

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.96



1002 Passive Plate Analysis & Upgrade (Titus)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2011  28FEB2011  31MAR2011  30APR2011  31MAY2011  30JUN2011  31JUL2011  31AUG2011  30SEP2011  31OCT2011  30NOV2011  31DEC2011 
11 10 6 0 0 0 0 0 0 0 0 0

235 245 251 251 251 251 251 251 251 251 251 251

10 4 7 3 0 0 0 0 0 0 0 0

224 228 235 238 238 238 238 238 238 238 238 238

2 12 9 8 0 0 0 0 0 0 0 0

184 196 205 214 214 214 214 214 214 214 214 214

39 32 29 24 24 24 24 24 24 24 24 24

-11. -17. -16. -13. -13. -13. -13. -13. -13. -13. -13. -13.

1.21 1.16 1.14 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11

0.95 0.93 0.94 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95



Annex I – WBS Dictionary  

 Annex I - 1 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

This Work Breakdown Structure (WBS) organizes and defines the scope of the NSTX 
Upgrade using the WBS as established by the original NSTX project and modified to 
accommodate the NSTX Upgrade. 
 
WBS  
L1 L2 L3  Description 
1    NSTX UPGRADE PROJECT 
  
 1.1   Torus Systems   
  1.1.0 Project Integrated Model 
  1.1.1 Plasma Facing Components 
  1.1.2 Vacuum Vessel and Support Structure 
  1.1.3 Magnet Systems 
   
 1.2   Plasma Heating and Current Drive Systems 
  1.2.1 High Harmonic Fast Wave (HHFW) 
  1.2.2 Coaxial Helicity Injection (CHI) Current Drive  
  1.2.3 Electron Cyclotron Heating (ECH) 
  1.2.4 Neutral Beam Injection (NBI) 
 
 1.3   Auxiliary Systems 
  1.3.1 Vacuum Pumping System 
  1.3.2 Coolant Systems 
  1.3.3 Bakeout Heating System 
  1.3.4 Gas Delivery System 
  1.3.5  Glow Discharge Cleaning System 
 
 1.4   Plasma Diagnostics 
  1.4.1 Plasma Diagnostics 
 
 1.5   Power Systems 
  1.5.1 AC Power Systems 
  1.5.2 AC/DC Converters 
  1.5.3 DC Systems 
  1.5.4 Control and Protection System 
  1.5.5 General Power Systems and Integration 
 
 1.6   Central Instrumentation and Controls (I&C) 
  1.6.1 Control System 
  1.6.2 Data Acquisition System 
 
 1.7   Project Support & Integration 
  1.7.1 Project Management and Integration 
  1.7.2 Project Physics 
  1.7.3 Integrated Systems Tests 
 
 1.8   Site Preparation and Assembly 
  1.8.1 Site Preparation 
  1.8.2 Torus Assembly and Construction 



Annex I – WBS Dictionary  

 Annex I - 3 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

protection, divertor area strike plates, and local I&C. This element 
consists of the engineering design, analysis, procurement activities and 
component fabrication. 

 
The NSTX Upgrade Project will require new PFCs on the new Center 
Stack Casing (CSC) and the new Inboard divertor (IBD). This WBS 
element includes the design and analysis for both the CS and IBD PFCs, 
design modifications to the PFC tiles to accommodate surface diagnostics, 
including design of the tile mounting schemes and routing plans for 
diagnostic wires, generation of required documentation such as checked 
calculations, specifications and procedures, the procurement and 
installation of all PFC tiles and hardware on the CSC and IBD. 
{Center Stack Upgrade (CSU) PFCs (Job 1001)} 
 
In addition the NSTX Upgrade will require analysis of the passive plates 
for disruption and thermal loads. CDR level calculations were performed 
that addressed one of five disruptions. The remaining identified 
disruptions are to be completed during Preliminary Design. During Final 
design, analysis updates are expected as a result of preliminary design 
evolution. Modest hardware upgrades are anticipated are anticipated as 
part of this task. Additions of accelerometers or other diagnostics to 
benchmark calculations with actual performance in NSTX are also 
anticipated. This analysis effort is included in this WBS element. 
{Passive Plate Analysis and Upgrade Activity (Job 1002)} 
 
With the exception of the modifications identified above, no additional 
modifications to the PFCs are anticipated. 
 

WBS Element: 1.1.2    WBS Level: 3 
WBS Title: Vacuum Vessel and Support Structure 
Definition: The vacuum vessel & support structure (VVSS) consists of the vacuum 

chamber, not including the PFCs, all ports and vacuum boundary closures 
and the torus support structure which provides the overall supporting 
mechanism for the torus components to the test cell floor.  This WBS 
element includes the engineering design, analysis, procurement activities 
and component fabrication.  

 
The NSTX Upgrade Project will require that the existing VVSS be 
modified to accommodate the new center stack structure, including the 
umbrella structure and the new center stack support structure. This WBS 
element includes the analytical and CAD design of the support structures 
associated with the Magnet upgrade activities. The scope includes; the 
Vacuum Vessel & Structural Support, the Outer TF Structures, the Outer 
PF Coil Structures, the Umbrella Structural Reinforcement, the CS 
Support Pedestal and miscellaneous Vacuum Vessel Structural Supports. 
It also includes the procurement and fabrication of these structures, but 



Work Almroval Form (WAF} 

Cost Center: 
Job Number: 
Job Title: 
Job Manager: 

9417 

1002 

Passive Plate Analysis & Upgrade Activities 

P. Titus 

Description: 
This job Continues analysis of the passive Plates for disruption, halo, and 
thermal loads. PDR level calculations addressed three of five disruptions. The 
remaining identified disruptionshave been completed during Preliminary 
Design. Durinng Fina! design, analysis updates are expected as a result of 
preliminary design evolution. Halo current loads will be applied. Modest 
hardware upgrades are anticipated. Additions of accelerometers or other 
diagnostics to benchmark calculations with actual performance in NSTX are 
also anticipated 

See Tab B or attached 

Approvals: z/2tl/rJ 

.~ e(LJ--==---1~ --
Engineering Department Head 

JOB NO 1002 CD2.xls Tab A Description 7/20/2010 8:25 AM 
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Cost Center: 
Job Number:
 

Cost 19417
 
IJob ~10021 I
 

9417
 
1002
 

Passive Plate Analysis & Upgrade Activities 
P. Titus I I I I, I I 

SCHEDULE 

USER INPUT TASKS AND DESCRIPTIONS USER INPUT Calculated 

"L
 
DURATION in User InputlAgi.«d Pr~req"uik$ (oneWORK START I " FINISH 

wi< 

Start Date task mlmlurs in eQcII 

TASK DESCRIPTION ResponsJble column ,any order) (optional) DATE DATEDAYS 
.' crOj;~ 

ref 
numb (optinal) 

Preliminary Delian 

'511/10,61112010' '"Check/Correct Vector Potential Solution Khodak? 

12
 

13 I Ifina' Daaign
 

14 Disposition PDR Chits Khodak? ':61c11JO'12/:J'lii01Q,{{'"
 
15 CheckiCorrect Vector Potential Solution Khodak?,;.,611110,:12/3112010 ...
 

16 Run Disruption files based on IO'Ner background Fie Khodak?i:-::··~i.1h6~.1·~.~12~.10:~::~~'
 
17 Add Halo Loads Khodak? '. ,61111'0 '12f.Hmio, :J
 
18 Complete Bolting and Bracket Evaluation Khodak? \:::';-::~~~JtO'12fJ1~Q1~"'"
 
19 Monitor fiberoptic Disruption Instrumentation Khodak? " '61t/hi 12131l2010'
20 Fatigue Assessment Khodak?611/10,12t.HI2(J10.
 

21 Input to the DCPS Khodak? '61111'0 '1213112610'
 

22 I
 

~I	 I ~;
24 Procurement 

25 I 1100 718 bolts
 

26 I I I
 
27 IFeb/A.semblv 

28 I I 1
 

29 IBracket re-work, in-house
 

30 IDrawing Update 

31 InstaUation
 

32 Assumed in Mike Viola's WAF",/I~)
 

I I TOT~LS I	 );,;i,c; $0 $0 $0 ...$0 so 
I I
 I I I I I I I I I I I
 

l, 

WR~Mr9F,','.w1il'r~~''''''~JI ., '.,
 $0 $0 $0 $0 so S8..'i $.."i so SO NiHHI so $0 .. ~ "'n 4
'v 'vNOles-I I
.	 --'--""~'''.~~''H+-H._-
I CATEGORIZATION CODES: I
 

1 - National Standards I
/11 Procuremenllead time: I I I	 wake
 
2 - Engineering JudgementlExperlence I IPurchase orders-Commercial, ~ff-~he-shelfitems I I I I I 1----

Purchase orders-NoncommercIal items 3 - Estimates/Data from Externsl Sources (e,g" W7X, AT 
Subcontracts (non construction) 4 - Previous PPPUORNL Experlelnce (e,g" TFTR, NSTX, 

Construction subcontracts 9	 5 - Protolype OallllTesl Resulls
 
6 - Catelogue PrlceNendor Cuote
 

7 - Placed Contracts I
I
 I I	 I I I I I I
 
I I I I I I I I I I I 18 - Actual axperlence for NCSX Work 

"j.,:	 la-Other I
 

EStimate (User InDU 

FYlOSK HOURS (priced at FYIO rales) %1% 

.- L 

....,.
f ~ ! !£ 

;;1 ~ ~~ ! i
 Basis of .. ~ 1 !~ 
II ~... I

t 

I
1; 

"I Names of:!. III ~ Estimatea:>= '"W ~-15 ffi ~ ",!'dskillsif~ ~ il' i: o knownlui w Category~ ~ ~ ~ ~i W ~ '" 
.'4."\. 
,l> ~:, ! I 

40
 30% 30% 8
 

20% 20% 8
80
 

80
 20% 20% 8
 

20%60
 20% 8
 

20%40
 20% 8
 

20
 20% 20% 8
 

40
 20% 20% 8
 

40
 20% 20% 8
 

20% 8
40
 20% 

lk 20% 20% 8
20
 

20% 20%20
 8
 

40
 20% 20% 8
 

f- .. .. 
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Cost Center: 9417 

Job Number: 1002 

Co 9417 Passive Plate Analysis & Upgrade Activities 

Jot·1002 P. Titus 

\: :.:". ',:::'..; 
I, 

':: 
I I 

" '0..:> 

Uncertainty of the Estimate I I I I I I I I I 

Uncertainty 
High Medium Low Range (0/0) Comments/Other Considerations 

Design Maturity X 

Design Complexity X 

I 1 I I I I I I I I 

Residual ImDacts I I I I I I I. I I 

Cost Impact Schedule Impact 
Likelihood of Low High 

Risk Description Occurring Mitigation Plan Basis of estimate Low ($K) High ($K) (weeks) (Weeks) 
Hardware will be low$, 

Halo and new/other disruption loads are beyond the Size modificatio_ns based on Rework/Installation will be labor 
1 capacity of the present hardware medium calculationns, and implement intensive 

2 

3 

4 

5 

Notes: 
(1 ) Cost impacts should NOT include standing army c:osts which are separately calculated from the schedule impact 
(2) 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.
 
Likelihood 'of occurrence should be entered consh;tent with our risk classification methodology, i.e~
 

VL= Very Likely (P>SO%), L=Likely (SO%>P>400/0), IJ=Unlikley (400/0>P>1 00/0), VU=Very Unlikely (P<1 00/0 , NC=Non-credible (P<1 0/0)
 
(3) 

J.OS NO 1002 C02 RO.xls Tab C Risk and un~ertainty 2 of 8 7/30/201 0 "i ~ 36 PM 

'1_ 



Low	 -
IMediumLow	 -15% +25% -20% +40% -30% +60% 

-10% +15% -15% +25%-20%>+40% 
.....•••.. >•.......•.....•. 1= 

High	 -5% +10% -10% +15% -15% +25% 

Medium 

Hiah 

Per AACEI Recommended 

JOB NO 1002 C02 RO.xls Tab C Risk and uncertainty 3 of 8	 7/30/2010 1:36 PM 



Cost Center: 9417 

Job Number: 1002 

Cost Center: ### Passive Plate Analysis & Upgrade Activities 

Job Number: ### P. Titus 

Materials and Subcontracts (M&S) Basis of Estimate 

Description: 

I 

I I 

CATEGORIZATION CODES: 
1 - National Standards 
2 - Engineering Judgement/Experience 
3 • Estimates/Data from External Sources (e.g., W7X, ATF, etc.) 
4 • Previous PPPUORNL Experieince (e.g., TFTR, NSTX, PLT, etc.) 
5 - Prototype DatafTest Results 
6 - Catelogue PriceIVendor Quote 
7 - Placed Contracts 
8 - Actual experience for NCSX Work 
9· Other 

TOTALS 

#DIVIOI 
#DIVIOI 
#DIVlOI 
#DIVIOI 
#DIVIOI 
#DIVIOI 
#DIVIOI 
#DIVIOI 
#DIVIOI 

#D IVIOI 



III 

II 

o i oHioIi' 
I I • 

! I 

, .
 
i § 

III; 

!I
 

iii 
II
 
11

il 
Ii. 
II!
 
!Ii
 

aa' I: I'III 
II
 
III
 

!I
 

il! 
II 

.11/
 
!I 
II! 
III 

!I 
Iii 

I( !l 

II j 
!I 
!II 

!I ~ 

!i 
II' B!t !!!. 

Iii 

. ! 

, , 

,s;u 
!!!!! 

I . 

iilllll:11i: iii!!!!!!!:! I: iilii:!i iii!!!!! 
e~ . !l " !~i;~ ~ , ,! 

n . .. ~ ~ 

:!!~J ~ i 

I I iii:iii I!:!!!!! 
I I §§§~!§§~ ii:1ii:i 

I 
f 

1---.FTTT1-rTTTT"TTTT-rTTT.-rTTTTTT"n-rTTTTTT1n-rTTTTTT1rTTTTrn.,-rTTTn-rTTTTTT"rTTTTTTTT1....-J.-r.....hl-r"ln-j 

I 



! • 

11'111 III 'il'lll"li III I 'lgll!ll! l'ii 1 l'lii '1'111'1'1'11 '111'111 I!I 

,. 

I ." 

H l! j 
~ ~ l! I~! 

• I 



o ~ 

o!

,gO
H+t++t++t+++H+H+H+H+H+HH+-H+-H+-t++t++t++t++t++t++t++t++t+++H+H+H+H+H+H+H+HH+-H+-H+-H+-H+-H+-t++t++t++t++t+++ti. I. 

1!! !! !Ii!' 
f++I+++1+++-I-+++++H+++1f-H+I-+++++H+++1f-H+I-+++++H+++1f-H+I-+++++H+++1+++-I-+++++H+++1f-H+I-+++++H+++1+++-f-H+I-+++++H+++1f-H+H-H 

::h 
H+++++++++++++1+I1+I-++1-++1r++1f-H-f-H-f-H-H+H+H+H++++++++++++++++++++++1+I1+I-++1-++1r++1r++1f-ttf-H-f-H-f-H-1-++H+H+H+H+++++++++tl~~ 

........ :! ;:,;:..t I:.to ! ~ 

Iii 
H++++++++++++++++1+I,,1+I+H,+,++++++++++++1+I1+I+H+H+H-++1-++1-++1r++1f-ttf-H-f-H-H+H+H+++++++++++++++++++++++++1+I1+I1+I+H-++1-H!; ~~ 

o!! I 
- II ., ~ ill 

IIi
H-J..jH+!+++++++++-I+HH+!+++++++++-I+HH+!+++++++++-I+H+++++++++-I+H-!+t+++++++++-I+H-!+t++++++-H+1H+!++++++H+1H+!+++++++++-H+1f-H 

H+t++t++t++t++t+++H+H+H+H+H+H+HH+JH+H+-t++t++t++t++t++t++t++t++t+++H+H+H+H+H+H+H+H+H+H+HH+-H+-H+-H+-t+++++-l 
1 

iU 
Ii 

0 1 

o!li~
f++I+++1+++-f-H+++H+++1f-H+I-++++++++++1f-H+I-++++++++++1+++-I-+++++H+++1+++-I-+++++H+++1f-H+I-+++++H+++1+++-f-H+I-++++++++++1f-H+++I+JJ~ 

01 !l 

,·,1 

... 
!!! 

,. ! 

!l L 
. ------_.-
t H . 
, ,tlllB'U 

n m • .. • :I!!! 
jj m :llm ... . 

0 1 

If 
rTTT'T"rT'T"rT'T"rT"TT-HorT1I'TrTTllr"'T"n"'T"nCTT1rrrrrrl""TT"'l.j'rTTT'T"rT'T"rT'T"rT"TTT"TTTT"TTT"TTrTTrT' In"'T''n.,..,.,CTT1rrrn-lrrrrrn-rn-rr'TTr'TTT'T''rT'T''rT"TTT"TT+--' 

! 

'j I 
I 

! I I 
I! Il\!1 I • 

'11 I I 
l!jllil.lil,lll

lill1.!l!l!l.l. I-



OH solenoid 
1997 $ 
$136.3 

Inflator % 
1.2992 

2009$ 
$177.1 

x4 k$ 
$708.3 

# Orig 
2340 

# Upgrade 
6400 3.0 

Conductor $7.50 
OH conductor 

$48,000.00 
$40.0 

FY97 cost 

2.2 
1.2992 
Escal 

$105,600.0 
$52.0 

$105.6 
S~155.90 6400 

12800 
2.2 

$92.2 
5 

TF bundle $83.0 1.2992 $107.8 $431.3 

$1,139.66 
$1,481.56 30% difficulty 

OTF Conductor 2x3 23 #/ft 3450# 25 ft/length 

Rotable flanges 
Inconel Forgings 

$13.2 
$30.9 

1.2992 
1.2992 

$17.1 
$40.1 1.5 $60.2 

6,400.0 

I width Height Hole Dia Hole Area Area CoilR Turn engthlTur engthlCo ength/Coil Wtlcoil 
PF Conductors in in in in2 in2 in in in ft x2 Ib x2 

PF1a 0.591 0.591 0.217 0.1180 0.231 12.571 120 78.946 9473.5 789.5 1578.9 701.1 1402.3 
PF1b 0.220 0.220 0.098 0.0024 0.046 15.763 180 98.992 17818.5 1484.9 2969.7 262.3 524.6 
PF1c 0.220 0.220 0.098 0.0024 0.046 21.674 162 136.113 22050.3 1837.5 3675.0 324.6 649.2 

x2.2 
2576.0 5667.2 

P'i 3.14 
0.32 #/Cu in 

$7.50 
$42.5 k 
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