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Cost Center:
Job Number:
Job Title:

Job Manager:

Description:

Schedule:

Approvals:

Work Approval Form (WAF)

9417

5501

Bus Bars Upgrade
Neway Atnafu

The control account #5501 was assigned to a new CAM (Neway Atnafu). This

ECP covers a bottoms-up-estimate for all bus bars upgrade including TF,
OH, PFlabc and CHI bus bars. It also covers analysis on the PF2345 bus
bars to investigate if there is a need for reinforcement. NOTE: The schedule
shown in the WAF assumes that a replacement designer will be provided by

March 01, 2013.

See Tab B or attached

Digitally signed by Neway D.

N eWay D . Atnafu
DN: cn=Neway D. Atnafu, o, ou,
Atnafu

Date: 2013.03.21 11:43:52 -04'00'

email=natnafu@pppl.gov, c=US
Job Manager

Digitally signed by Ron

L E Digitally signed by Lawrence E. Dudek Ro n Strykowsky
aWre n Ce . DN: cn=Lawrence E. Dudek, 0=PPPL, DN: cn=Ron Strykowsky, o,
ou=Fabrtication and Operations, ou=PPPL,
D k email=ldudek@pppl.gov, c=US Str kOWS k email=rstrykow@pppl.gov, c=US
U e Date: 2013.03.21 12:59:21 -0400" Date: 2013.03.21 15:05:02 -04'00'

Project Manager

M H k Digitally signed by Mike Williams

| e DN: cn=Mike Williams, 0=PPPL,
ou=Engineering and Infrastructure,

Wi | I I am S email=williams@pppl.gov, c=US
Date: 2013.03.22 07:03:19 -05'00

Engineering Department Head
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Activity Activity Work | Forecast Forecast Budgeted EVMS FY13 ‘ EY14 FY15
D Description Days| start Finish Cost FIMIATMIdTaTalslolINIDIITFIMIATMTITITATS[OINTIDIITFIME
NSTX Upgrade Project
Job: 5501 - Coil Bus Runs-ATNAFU
Subtota | s [zsaie fuaisony "

ECP-064
Start/Finish
5501-0138A |ECP-064 START | oowpris | | 0.00| ¥ start Milestone
Design
5501-0138C Develop Fab and Assly Methodology 15/01APR13* |19APR13 7,085.60 |E EM//EM=40
5501-0138G Designer - Learn the system 10|01APR13* |12APR13 11,188.80 |E EA//SB=80
5501-0138D Develop Testing Methodology 15/22APR13* |10MAY13 7,085.60 | E DEM//EM:4O
5501-0138E Develop Silver Plating Methodology 15/13MAY13* |03JUN13 7,085.60|E [DEM//EM=4O
5501-0138F Develop Installation Methodology 15|04JUN13* |24JUN13 7,085.60 E l:lEM//EM:40
OH Bus
5501-0139A OH Bus Analysis 0*|01APR13* |29MAR13 0.00|E EA//IEM=120
5501-0139B OH Bus Design 10{15APR13* |26APR13 12,605.92 |E .EA//SB=80 : EM//EM=8
5501-0139C OH Bus Drawings 15/29APR13* |17MAY13 18,200.32|E .EA//SB=120 . EM//EM=8
TF Bus
5501-0140A TF Bus Design 12|20MAY13* |05JUN13 12,605.92 |E .EA//SB=80 : EM//EM=8
5501-0140C TF Bus Analysis 0*|29APR13  |26APR13 0.00|E [EA//EM=80 ; EA//SB=16
5501-0140B TF Bus Drawings 10|06JUN13* |19JUN13 12,605.92 |E .EA//SB:80 ; EM/IEM=8
PF-labc Bus
5501-0141C PF-labc Bus Analysis 20*|01APR13  |26APR13 25,887.60|E -EA//EM=120
5501-0141A PF-labc Bus Design 10/20JUN13* |03JUL13 14,023.04|E .EA//SB=80 : EM//EM=16
5501-0141B PF-labc Bus Drawings 15/08JUL13*  |26JUL13 18,200.32 |E .EA//SB:120 . EM//EM=8
PF-2345 Bus
5501-0142A PF-2345 Bus Analysis ‘ 20 01APR13 ‘26APR13 ‘ 41,826.56‘E _ [EA/EM=160 ; EA//SB=32 : EM//EM=16
CHI Bus
5501-0143C CHI Bus Analysis 0*|01APR13* |29MAR13 0.00|E EA//EM=160
5501-0143A CHI Bus Design 10/29JUL13*  |09AUG13 12,605.92 |E .EA//SB=80 : EM//EM=8
5501-0143B CHI Bus Drawings 18|12AUG13* |05SEP13 12,605.92|E BEA//sB=80 ; EM//EM=8
Misc
5501-0144A Calc Preparation and Documentation 10|29APR13* |10MAY13 34,516.80|E IEA//EM:]_GO
5501-0144B Prepare Final Design Review 5/13MAY13* |17MAY13 22,098.40|E IEA//EM=16 ; EA/ISB=32 ; EM//EM=80
5501-0144C Conduct Final Design Review 1|20MAY13* |20MAY13 2,839.48|E |EA//EM=4 : EA//SB=4 ; EM//EM=8
5501-0144D Prepare Req./Procurement Package 5[21MAY13* [28MAY13 8,204.48 |E IEA//SB:S : EM//EM=40
5501-0144E Prepare Fab/Assly Procedure 15/29MAY13* |18JUN13 23,494.56 |E BEA//sB=16 : EMI/EM=120
DESIGN REVIEW
5501-0145M Design/Peer Review ‘ 0‘ ‘29MAR13 ‘ 0-00‘ YPeer/Design Review Milestone

Data Date 01APR13 E\(;f/l‘ts Rule NSTX UPGRADES Sheet 1073/ | | FORECAST
Run Date 19MAR13 09:03|A =LOE K =Planning Pkg ECP-064 N P10 esS Bar

© Primavera Systems, Inc.

B = Milestone
C =% Complete

I Critical Activity






Activity Activity Work | Forecast Forecast Budgeted EVMS FY13 ‘ Y14 EY15
D Description Days| start Finish Cost FIMIATMIdTaTalslolINIDIITFIMIATMTITITATS[OINTIDIITFIME
Procurement
5501-0145A Copper Procurement 40|29MAY13*  |25JUL13 100,708.48|C 2 1=5$72,000 ; EMI/EM=32
5501-0145B OH Coaxial Bus 20[29MAY13* |25JUN13 2,640.00|C B4 1=$2,000
5501-0145C Insulation and Protection Total 40|29MAY13* |25JUL13 2,640.00|C I 1=52,000
5501-0145D G10 FR4 Total 40|29MAY13* |25JUL13 13,200.00|C I 1-510,000
5501-0145E Structural Support Hardware, fittings etc. 40|29MAY13*  |253UL13 19,800.00|C B 1=515,000
5501-0145F Bolts, washers, nuts, etc. 20|29MAY13* |25JUN13 6,600.00|C -41:$5’000
5501-0145G Silver plating materials 20|29MAY13*  [25JUN13 2,640.00|C B4 1=$2,000
5501-0145H Fab. & Safety Consumables 20|29MAY13*  [25JUN13 3,960.00|C Bl41=$3,000
5501-0145I Stockroom Items 1[20MAY13  |29MAY13 2,000.00|C [37=$2,000
Fabrication / Assembly
5501-0146A Prepare/Submit Work Package 10|26JUL13*  |0BAUG13 7,085.60|E .EM//EM:40
5501-0146B Setup Bus Bars Fabrication Work Area 3|06SEP13* |10SEP13 4,752.48 |E IEM//EM:8 : EM//ITB=32
5501-0146C OH Bus: Fab, Field fit-up and Assly (Type: 1) 5[11SEP13* |17SEP13 10,459.60 |E IEM//EM:4 ; EM//SM=8 ; EM//TB=80
5501-01407 OH: Coaxial Bus (Type: 1) 15/18SEP13* |080CT13 35,065.60|E -EM//EM=40 ; EM//TB=160 ; EM//SB=80
5501-0146D OH Flags: Fab, Field Fit-up and Assly (Type: 1) 5/090CT13* |150CT13 9,353.36 |E IEM//EM=4 . EM//TB=80
5501-0146E Brazing: OH Bus Bars (Type: 1) 5/160CT13* |220CT13 13,240.16 |E BEM/I/EM=4 ; EE/ITB=40 ; EM//TB=80
5501-0146F OH: Install fittings/Conduct Hydro Test (Type: 2 3|230CT13* |250CT13 5,905.04 |E IEM//EM:4 ; EM//TB=48
5501-01461 OH Support Structures: Fab and Assly (Type: 1) 15|230CT13* |12NOV13 28,792.64 |E .EM//EM:16 ; EM//TB=240
5501-0146G OH Bus: Insulation and Protective Layer (Type: 2 5[280CT13* [01INOV13 8,506.16 |E IEM//EM:4 ; EE/ITB=80
5501-0146H OH Bus: Electrical Testing (Type: 2) 5/04NOV13* |08NOV13 17,764.32 |E IEM//EM=4 ; EE//[TB=24 ; EE//[EM=16 ;
EE//SM=16 ; EM//TB=80
5501-0146J OH Bus: Silver Plating (Type: 2) 3[11INOV13* |13NOV13 6,682.40 |E |EM//EM:4 ; EE/ITB=8 ; EM//TB=48
5501-0146K TF Bus: Fab, Field fit-up and Assly (Type: 1) 5[13NOV13* [19NOV13 10,810.80|E IEM//EM:4 ; EM//SM=8 ; EM//TB=80
5501-0146L TF Flags: Fab, Field fit-up and Assly (Type: 1) 3[20NOV13* [22NOV13 5,905.04 |E IEM//EM:4 ; EM//TB=48
5501-0146M Brazing: TF Bus Bars (Type: 1) 5[25NOV13* |03DEC13 10,908.08 |E “EM//EM:4 : EE/ITB=16 ; EM//TB=80
5501-0146N TF: Install fittings/conduct hydro test (Type: 2 3|04DEC13  |06DEC13 5,905.04 |E IEM//EM:4 - EM//TB=48
5501-0146Q TF Support Structures: Fab and Assly (Type: 1) 15|04DEC13* |03JAN14 33,188.00 |E HEM//EM:40 ; EM/ITB=240
5501-01460 TF Bus: Insulation and Protective Layer (Type: 2 15|09DEC13* |08JAN14 36,989.84|E HEM//EM:lG ; EE/ITB=40 ; EM//TB=280
5501-0146S PFlabc: Fab, Field fit-up and Assly (Type: 1) 8|06JAN14* |15JAN14 18,008.96 |E lEM//EM=8 ; EM//ISM=8 ; EM//TB=140Q
5501-0146P TF Bus: Electrical Testing (Type: 2) 5|09JAN14*  |15JAN14 14,724.88 |E IEM//EM=4 ; EE/ITB=24 ; EE//EM=8 ;
EE//SM=8 ; EM//TB=80
5501-0146R TF Bus: Silver Plating (Type: 2) 3|16JAN14* |20JAN14 6,682.40|E |EM//EM:4 : EE//TB=8 ; EM//TB=48
5501-0146T PFlabc Flags, Field fit-up and Assly (Type: 1) 5[16JAN14* [22JAN14 9,353.36 |E IEM//EM:4 ; EM//TB=80
5501-0146U Brazing: PFlabc Bus Bars (Type: 1) 5/23JAN14*  |29JAN14 10,130.72|E IEM//EM=4 . EE//TB=8 ; EM//TB=80
5501-0146V PFlabc: Insulation and Protective Layer (Type: 2 10{30JAN14* |12FEB14 24,058.64|E .EM//EM:lG ; EE/ITB=40 ; EM//TB=160
5501-0146X PFlabc Support Structures Fab and Assly (Type: 1 15|30JAN14* |19FEB14 33,188.00 |E -EM//EM:40 ; EM/ITB=240
5501-0146W PFlabc: Electrical Testing (Type: 2) 5|13FEB14* |19FEB14 16,986.96 |E IEM//EM:4; EE//TB=16 ; EE//EM=16 ;
EE//SM=16 ; EM//TB=80
5501-0146Y PFilabc: Silver Plating (Type: 2) 3|20FEB14* |24FEB14 6,682.40 |E IEM//EM=4 : EE//TB=8 ; EM//TB=48
5501-0146Z CHI Bus: Fab, Field fit-up and Assly (Type: 1) 15|20FEB14  |12MAR14 48,145.44 |E .41=$10,000 ; EM//EM=40 ; EM//SM=8,
EM//TB=240
5501-01400 CHI Flags: Fab, Field fit-up and Assly (Type: 1) 10|13MAR14* |26MAR14 18,706.72|E .EM//EM:8 ; EM/ITB=160
5501-01401 Brazing: CHI Bus Bars (Type: 1) 10|27MAR14* | 09APR14 21,038.80|E .EM//EM=8 ; EE/ITB=24 ; EM//TB=160
5501-01402 CHI: Install fittings and conduct hydro test (Ty 5[10APR14* |16APR14 10,085.92 |E IEM//EM:B ; EM//TB=80
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Activity Activity Work | Forecast Forecast Budgeted EVMS
ID Description Days Start Finish Cost E ‘ M

5501-01405 CHI Support Structures: Fab and Assly (Type:1) 20[10APR14* |07TMAY14 44,918.24 E
5501-01403 CHI Bus: Insulation and Protective Layer (Type: 15|17APR14* |07MAY14 32,679.44 |E
5501-01404 CHI Bus: Electrical Testing (Type: 2) 5|08MAY14* |14MAY14 15,432.24 |E
5501-01406 CHI Bus: Silver Plating (Type: 2) 1015MAY14* |29MAY14 21,816.16|E
5501-01408 Clean Fabrication Work Area 3|30JUL14*  |01AUG14 5,172.48|E
Installation

5501-0147A Prepare Work Package 10|11SEP13* |24SEP13 14,171.20|E
5501-0147B Install OH Bus Bars & Support Structures SHIFT 1 5[30MAY14* |05JUN14 17,318.88|E
5501-0147C Install TF Bus Bars & Support Structures SHIFT 2 10|30MAY14* |12JUN14 31,715.20 |E
5501-0147E Install CHI Bus Bars & Support Structures SHIFT 15|06JUN14* |26JUN14 46,111.52|E
5501-0147D Install PFlabc Bus Bars & Support Structures SHI 15/13JUN14* |03JUL14 46,111.52|E
5501-0147F PTP Testing: All bus bars SHIFT 1 15/07JUL14*  |25JUL14 55,433.32|E
5501-0147G Clean installation work area 2|28JUL14*  |29JUL14 5,172.48|E
Closing

5501-0148A As-built drawing changes 10|30JUL14* |12AUG14 15,963.36 |E
5501-0148B Document lessons learned and Archive Files 5|13AUG14* |19AUG14 2,930.24 |E
5501-0148C ECP FINISH 5/20AUG14* |26AUG14 2,930.24|E

EY13 FY14
AlMIITITATsIoINIDIITFIMIATIMIITITATS
BEM/EM=40 ; EM//TB=320 ; EE//TB=32

[ EMi/EM=80

EM//EM=40 ; EM//SM=8 ; EE//TB=120 ;.
EE//EM=24 ; EE//SM=24 ; EM//TB=240

EY15
olNIDIJTFIMH

BEMI/EM=16 ; EE/ITB=40 ; EM//TB=240

IEM//EM=4 , EE/ITB=32 ; EE//EM=16 ;
EE//SM=16 ; EM//TB=80

BEM//EM=8 ; EE/TB=32 ; EM//TB=160
lemiTB=48

IEM//EM:16 ; EM//SM=8 ; EM//TB=120

.EM//EM=24 ; EM//ISM=8 ; EM//TB=240
.EM//EM=32 ; EM//SM=8 ; EM//TB=360
-EM//EM=32 EM//SM=8 ; EM//TB=360

[emiTB=48

BEA//SB=80 ; EMI/EM=24
IemiEM=16
BemiiEmM=16
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Cost Center:
Job Number:
Job Title:
Job Manager:

Bus Bars Upgrade
Neway Atnafu

Basis of
Materials and Subcontracts (M&S) Estimate
Description:
5501-0145A $ 72,000.00 3
Copper Procurement
5501-0145B $ 2,000.00 2
OH Coaxial Bus
5501-0145C $ 2,000.00 2
Insulation and Prote
5501-0145D $ 10,000.00 2
G10 FR4 Total
5501-0145E $ 15,000.00 2
Structural Support H
5501-0145F $ 5,000.00 2
Bolts washers nuts
5501-0145G $ 2,000.00 2
Silver plating mater
5501-0145H $ 3,000.00 2
Fab. & Safety Consum
5501-01462 $ 10,000.00 2
CHI Bus: Fab Field
CATEGORIZATION CODES:
1 - National Standards 1 % - 0%
2 - Engineering Judgement/Experience 2 $ 49,000 40%
3 - Estimates/Data from External Sources (e.g., W7X, ATF, etc.) 3 $ 72,000 60%
4 - Previous PPPL/ORNL Experieince (e.g., TFTR, NSTX, PLT, etc.) 4 3 - 0%
5 - Prototype Data/Test Results 5 $ - 0%
6 - Catelogue Price/Vendor Quote 6 $ - 0%
7 - Placed Contracts 7 % - 0%
8 - Actual experience for NCSX Work 8 % - 0%
9 - Other 9 3 - 0%
TOTALS $121,000 100%

ECP-064 WAF .xIsx

Tab D M/S Description





Total

O dabe
37  -Stockroom 2000 2000
41 -41-M&S 922559700/ 42075 4000/ 6000 121000
EA//EM - EA//EM-Mech Engrg 280/ 312 148 740
EA//SB - EA//SB-Designers 168 197, 218 173 118, 18 80 972
EE//EM - EE//EM - Elect Engineer 16 8/ 16 16 24 80
EE//SM - EE//SM-Elect Sr Lab & Shop 16 8/ 16 16 24 80
EE//TB - EE//TB-Electrical tech 40(122 43 41 66 2/ 60| 63 31120 560
EE/TB - 32 32
EM//EM - EM//EM-FOM Engrg 65 87 223 125 421139 34 35 61| 24 71 29 60, 36| 94| 51 56 1232
EM//SB - EMSB 43| 37 80
EM//SM - EM//SM-FOM Sr Lab & Shop 8 8 2 6 3 5 29 11 72
EM//TB - Machine Techs 197/ 331|496/ 616/ 396, 640 320 528/480|976 384 72 5436
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Activity

Design

CHI Bus Design
CHI Bus Drawings
CHI Bus Analysis

Procurement

58 ft 1" SQ WC

85 ft 1.5" SQ AC

15ft 1.5" SQ WC

13ft X 2 ft X 0.5 in Plate
1ft X 1ftX0.25in Plate

Fab & Assy

CHI Bus: Fab, Field Fit-UP
and Assy

CHI Flags: Fab, Field Fit-Up
and Assy

Brazing: CHI Bus Bars

CHI: Install Fittings and
conduct Hydrostatic Test

CHI Bus: Insulation and
Protective Layer

CHI Bus: Electrical Testing

CHI Support Structures: Fab
and Assy

CHI Bus: Silver Plating

Installation

Install CHI Bus Bars and
Support Structures

PTP Test

Details

$2200/30' + Drilling
$2300/30'
$2300/30' + Drilling
605 Ib

12 1b

Cut, anneal, bend, field fit-
up and assemble
Cut, anneal, bend, field fit-
up and assemble

Clean and braze

Set-up area, install fittings
and hydrotest

Kapton + Wet Wrap + Wet
Wrap

Set-up and test

Fabricate, weld, field fit-up
and assemble

Clean and Silverplate
Field Fit-up, installation
and safety watch

Set-up and test

Duration M&S

$7,000
$7,000
$3,000
$4,840

$100

120 man
hours
80 man
hours
80 man

hours
80 man

hours
288 man
hours
80 man
hours

320 man
hours
80 man
hours

240 man
hours
60 man
hours

$10,000

Formula
Take two 10 ft long bus bars
Kapton: 8 man-hours per bar

Wet Wrap: 2 layers X 2 men X 1 hour: total 4 man-hours per bar
Brazing: Clean, Braze and Silverplate 8 man-hours

1 Ib mass copper is $8.0

Density of Copper is 0.323 Ib/in3





List of Copper for all work
Type

1" SQ Water Cooled Nus Bar
1.5" SQ Air Cooled Bus Bar

6" X 1" Bus Bar

4" X 4" Bus Bar

16 ft X 1 ft X 0.75 in thick Plate
13 ft X 2 ft X 0.5 in thick Plate
12 ft X 1 ft X 0.5 in thick Plate
1ft X 1ftX0.25in thick Plate

Length (ft)
73
195
150
1





Activity Details Duration

Design

OH Bus Design

OH Bus Drawings Formula

Take two 10 ft long bus bars
Kapton: 8 man-hours per bar

OH Bus Analysis

Procurement Wet Wrap: 2 layers X 2 men X 1 hour: total 4 man-hours per bar
15 ft 1" SQ WC $2200/30' + Drilling $3,000 Brazing: Clean, Braze and Silverplate 8 man-hours

20 ft 1.5" SQ AC $2300/30' $2,000

6 ft X 1 ft X 0.5 in Plate 140 Ib $1,120 1 Ib mass copper is $8.0

Co-Axial Bus Assembly Fab + Assy + Brazing $10,000 Density of Copper is 0.323 Ib/in3

Fab & Assy

OH Bus: Fab, Field Fit-Up
and Assy

OH Flags: Fab, Field Fit-Up
and Assy

Brazing: OH Bus Bars

OH: Install Fittings and
conduct Hydrostatic Test

OH Bus: Insulation and
Protective Layer

OH Bus: Electrical Testing
OH Support Structures: Fab
and Assy

OH Bus: Silver Plating

Installation

Install OH Bus Bars and
Support Structures

PTP Test

Cut, anneal, bend, field fit-
up and assemble
Cut, anneal, bend, field fit-
up and assemble

Clean and braze

Set-up area, install fittings
and hydrotest

Kapton + Wet Wrap + Wet
Wrap

Set-up and test
Fabricate, weld, field fit-up

and assemble

Clean and Silverplate

Field Fit-up, installation
and safety watch

Set-up and test

80 man
hours
40 man
hours
40 man
hours
40 man
hours
80 man
hours
80 man
hours
160 man
hours
40 man
hours

120 man
hours
40 man
hours





Activity

Design

PF1 Bus Design
PF1 Bus Drawings
PF1 Bus Analysis

Procurement

90 ft 1.5" SQ AC

16 ft X 1 ft X 0.75 in Plate
1 ft 4" SQ Plate

6 ft X 1 ft X 0.5 in Plate

Fab & Assy

PFlabc: Fab, Field Fit-Up
and Assy

PFlabc Flags: Fab, Field Fit-
Up and Assy

Brazing: PFlabc Bus Bars

PFlabc: Insulation and
Protective Layer

PFlabc: Electrical Testing
PFlabc Support Structures:
Fab and Assy

PF1labc: Silver Plating

Installation

Install PF1abc Bus Bars and
Support Structures

PTP Test

Details Duration

$2300/30' $7,000
560 Ib $4,480
62 b $500
140 Ib $1,120

Cut, anneal, bend, field fit- 120 man

up and assemble hours
Cut, anneal, bend, field fit- 80 man
up and assemble hours
40 man
Clean and braze hours
Kapton + Wet Wrap + Wet 192 man
Wrap hours
80 man
Set-up and test hours
Fabricate, weld, field fit- 120 man
up and assemble hours
40 man
Clean and Silverplate hours

Field Fit-up, installation 240 man

and safety watch hours
40 man

Set-up and test hours

Formula

Take two 10 ft long bus bars

Kapton: 8 man-hours per bar

Wet Wrap: 2 layers X 2 men X 1 hour: total 4 man-hours per bar
Brazing: Clean, Braze and Silverplate 8 man-hours

1 Ib mass copper is $8.0
Density of Copper is 0.323 Ib/in3





Activity Details Duration

Design
TF Bus Design
TF Bus Drawings Formula
TF Bus Analysis Take two 10 ft long bus bars
Kapton: 8 man-hours per bar
Procurement Wet Wrap: 2 layers X 2 men X 1 hour: total 4 man-hours per bar
150 ft X 6" X 1" Bus Bar $6000/30"' $30,000 Brazing: Clean, Braze and Silverplate 8 man-hours
1 Ib mass copper is $8.0
Fab & Assy Density of Copper is 0.323 Ib/in3
TE Bus: Fab, Field Fit-up  Cut, anneal, bend, field fit- 80 man
and Assy up and assemble hours
TF Flags: Fab, Field Fit-up Cut, anneal, bend, field fit- 40 man
and Assy up and assemble hours
40 man
Brazing: TF Bus Bars Clean and braze hours
TF: Install Fittings and Set-up area, install fittings 40 man
conduct Hydrostatic Test and hydrotest hours
TF Bus: Insulation and Kapton + Wet Wrap + Wet 320 man
Protective Layer Wrap hours
80 man
TF Bus: Electrical Testing ~ Set-up and test hours
TF Support Structures: Fab Fabricate, weld, field fit-up 160 man
and Assy and assemble hours
40 man
TF Bus: Silver Plating Clean and Silverplate hours
Installation
Install TF Bus Bars and Field Fit-up, installation 120 man
Support Structures and safety watch hours
40 man

PTP Test Set-up and test hours
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NATIONAL SPHERICAL TORUS EXPERIMENT
UPGRADE PROJECT
Engineering Change Proposal (ECP) Lag

Part | To be Completed by Originator

COVER PAGE

Originator (CAM) Atnafu

ECP No. 064
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ECP-064

PART I
Originator (CAM) Atnafu Date Submitted 3/22/2013

Type of ECP [X] Standard []Expedited

he ol emande [ Technical XCost XlSchedule [JEditorial []Other

Reason for Change Control Account 5501 has been assigned to a new CAM. The CAM has overhauled the
schedule which requires additional budget. All tasks that are "in-progress" will be
stopped as of the end of February 2013 and the new schedule will be used moving
forward. A bottoms up ETC was performed taking into account the maturity of design,
current real estate availability around and under the machine, and
historical field labor cost..
Impacted [ ]1.1  []Milestone
WBS Elements D 1.2 |:|Other...

1.3

[(J1.4

X 1.5

(1.6

[11.7

(1.8

CIPEP

Control Accounts []1000 []1306 [J2470 [J5000 [18200
[J1001 [J1307 [d2475 [d5200 [18210
[J1002 [J1310 [J2480 X5501 [18250
[J1200 [J2300 [J2485 [16100 []Other...
[J1300 [J2420 [J2490 []7200
[J1301 [J2425 [13200 [17300
011302 [J2430 [13300 []7400
[11303 [J2440 [13400 [J7100
01304 [J2450 [J4100 [J7710
[J1305 [J2460 [J4500 [J7900

Impacts of Change New schedule with increased budget.
(Briefly Describe)

Impact on Materials
Parts Already Manuf. O Yes @ No

If yes, what is
recommended
disposition
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ECP-064

Detailed Description of Change

Description Control Account 5501 has been assigned to a new CAM. The CAM has overhauled the
of Change schedule which requires additional budget. All tasks that are "in-progress" will be stopped as
of the end of February 2013 and the new schedule will be used moving forward.

The current BCWP (as of Feb. 28, 2013) = $515,589.38.

The current BAC for Control Account 5501 = $1,586,304.61
New BAC = $1,905,187.54 (priced in Cobra)

Delta budget/Contingency draw = $318,882.93

See attached WAF for schedule details.

Submitted by:

Digitally signed by Neway D.
N eWa.y D . Atnafu
DN: cn=Neway D. Atnafu, o, ou,

Atn afu email=natnafu@pppl.gov, c=US

Date: 2013.03.27 14:54:45 -04'00'

Neway Atnafu

Reviewed by:

Lawrence E.
Dudek
Larry Dudek

ek@pppl.gov, c=US
Date: 2013.03.27 15:26:17 -04'00"

SUBMIT ECP

Do not fill in information below this point

Listof [ Primavera Schedule (Before/After) []Cobra (Before/After) []Other...
Attachments
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Activity Activity Work  Forecast Forecast Budgeted Total % EVMS RESP ‘ FY13 ‘ FY14 FY15 ‘
D Description Days  Start Finish Cost  Float Comp sloINIDlaTFIMIAIMIITITATs|OINIDI I TFIMIAIMI 3 TaTATs[OINIDI 3 TFIMIAIMI I TaTATS(q
NSTX Upgrade Project
Job: 5501 - Coil Bus Runs-ATNAFU
Subtotal 351|01APR13  |26AUG14  |1,392,925.28| -82 0
5501-0138A ECP-064 START 0|01APR13* 0.00| -82 0 ATNAFU Start Milestone
5501-0138C Develop Fab and Assly Methodology 15/01APR13* |19APR13 7,085.60| 142 0|[E |ATNAFU EM//EM=40
5501-0138D Develop Testing Methodology 15/22APR13* |10MAY13 7,085.60| 142 0|E |ATNAFU DEM//EM=40
5501-0138E Develop Silver Plating Methodology 15/13MAY13* |03JUN13 7,085.60| 142 O|E |ATNAFU [DEM//EM:40
5501-0138F Develop Installation Methodology 15|04JUN13* |24JUN13 7,085.60 142 0|E  |ATNAFU DEM//EM:40
5501-0138G Designer - Learn the system 10|01APR13* |12APR13 11,188.80| -82 0|E |ATNAFU EA//SB=80
5501-0139A OH Bus Analysis 15/01APR13  |19APR13 25,887.60| -78 0|[E |ATNAFU lEA//EM=120
5501-0139B OH Bus Design 10|15APR13* |26APR13 12,605.92| -82 0[E |ATNAFU BEA//sB=80 ; EM//EM=8
5501-0139C OH Bus Drawings 15|29APR13* |17MAY13 18,200.32| -82 0|E |ATNAFU lEA//SBZlZO : EM//EM=8
5501-01400 CHI Flags: Fab, Field fit-up and Assly (Type: 1) 10/13MAR14* |26MAR14 18,706.72|  -82 0|[E |ATNAFU IEM//EM=8 - EM//TB=160
5501-01401 Brazing: CHI Bus Bars (Type: 1) 10|27MAR14* |09APR14 21,038.80| -82 0|E |ATNAFU IEM//EM:8 : EE//TB=24 : EM//TB=160
5501-01402 CHI: Install fittings and conduct hydro test (Ty 5|10APR14* |16APR14 10,085.92 -82 O|E ATNAFU IEM//EMZS : EM//TB=80
5501-01403 CHI Bus: Insulation and Protective Layer (Type: 15/17APR14* |07MAY14 32,679.44 -82 O|E ATNAFU .EM//EM:]_G ; EE/ITB=40 ; EM//TB=240
5501-01404 CHI Bus: Electrical Testing (Type: 2) 5/08MAY14* |14MAY14 15,432.24| -82 0|E |ATNAFU IEM//EM:4 EE//ITB=32 ; EE//EM=16 ;
EE//SM=16; EM//TB=80
5501-01405 CHI Support Structures: Fab and Assly (Type:1) 20|10APR14* [07MAY14 4491824 -62 0|E |ATNAFU BEM//EM=40|; EM//TB=320 ; EE//TB=32
5501-01406 CHI Bus: Silver Plating (Type: 2) 10|15MAY14* |29MAY14 21,816.16| -82 0|E |ATNAFU HEM//EM:S : EE/ITB=32 : EM//TB=160
5501-01407 OH: Coaxial Bus (Type: 1) 15/18SEP13* |080CT13 35,065.60| -82 0|[E |ATNAFU BEM/EM=40 ; EM//TB=160 ; EM//SB=80
5501-01408 Clean Fabrication Work Area 3/30JUL14*  |01AUG14 5,172.48| -70 0|E  |ATNAFU |EM// TB=48
5501-0140A TF Bus Design 12|20MAY13* |05JUN13 12,605.92| -82 0|[E |ATNAFU lEA//SB=80 : EM//EM=8
5501-0140B TF Bus Drawings 10/06JUN13*  |19JUN13 12,605.92| -82 0|E |ATNAFU BeA/sB=80 ; EMI/EM=8
5501-0140C TF Bus Analysis 15[29APR13  |17MAY13 19,496.16| -78 0[E |ATNAFU BEA/EM=80 ; EA//SB=16
5501-0141A PF-1labc Bus Design 10/20JUN13*  |03JUL13 14,023.04| -82 0|E |ATNAFU IEA//SB:SO - EMI/EM=16
5501-0141B PF-1labc Bus Drawings 15/08JUL13*  |26JUL13 18,200.32| -82 0|[E |ATNAFU IEA//SB=120 - EM//EM=8
5501-0141C PF-1abc Bus Analysis 5¢|22APR13  |26APR13 25,887.60| -78 0|[E |ATNAFU [EA/EM=120
5501-0142A PF-2345 Bus Analysis 5¢|22APR13  |26APR13 41,826.56| 182 0|[E |ATNAFU [EA//EM=160 : EA//SB=32 : EMI//EM=16
5501-0143A CHI Bus Design 10/29JUL13*  |09AUG13 12,605.92| -82 0|E |ATNAFU BeA//sB=80 ; EM//EM=8
5501-0143B CHI Bus Drawings 18/12AUG13* |05SEP13 12,605.92| -82 0|[E |ATNAFU .EA//SB=80 - EM//EM=8
5501-0143C CHI Bus Analysis 15/01APR13  |19APR13 34,516.80| 182 0|[E |ATNAFU EAEM=160
5501-0144A Calc Preparation and Documentation 10/20MAY13* |03JUN13 34,516.80 -78 0|E |ATNAFU IEA//EM:160
5501-0144B Prepare Final Design Review 5/04JUN13* |10JUN13 22,098.40 -78 0|E |ATNAFU IE/—\//EM:lG : EA//SB=32 ; EM//EM=80
5501-0144C Conduct Final Design Review 1/11JUN13*  |11JUN13 2,839.48| -78 0|[E |ATNAFU ‘EA//EM:ZL : EA//SB=4 : EM//EM=8
5501-0144D Prepare Req./Procurement Package 5|12JUN13* [18JUN13 8,204.48 -78 O|E ATNAFU IEA//SB=8 ; EM//EM=40
5501-0144E Prepare Fab/Assly Procedure 15/19JUN13* |11JUL13 23,494.56 -53 0|E |ATNAFU HEA//SB:]_G : EM//EM=120
5501-0145A Copper Procurement 40|19JUN13* |15AUG13 100,708.48 -68 0|C |ATNAFU _41:3;72’000 ; EM/IEM=32
Data Date 01APRI3|Eo 1 e NSTX UPGRADES Sheet1of3/ | FORECAST
Run Date 27MAR13 14:40|A =LOE K = Planning Pkg ECP-064 I Progress Bar

© Primavera Systems, Inc.

B = Milestone

C =% Complete

I Critical Activity






Activity Activity Work  Forecast Forecast Budgeted Total % EVMS RESP ‘ FY13 ‘ FY14 EY15 ‘
ID Description Days  Start Finish Cost  Float Comp sloINIDIaTFIM[AIMIgTaTATsIOINIDII FIMIAIMI 3 TaTAals[oINIDIJ TFIMIAIMI I TaTATS(d
5501-0145B OH Coaxial Bus 20 19JUN13*  18JUL13 2,640.00  -58 0C ATNAFU "41=$2,000
5501-0145C Insulation and Protection Total 40{19JUN13* |15AUG13 2,640.00( -78 0|C |ATNAFU _41:$2,000
5501-0145D G10 FR4 Total 40|19JUN13* |15AUG13 13,200.00| -78 0|C |ATNAFU _41:$10,ooo
5501-0145E Structural Support Hardware, fittings etc. 40{19JUN13* |15AUG13 19,800.00 -78 0[C |ATNAFU _41:$15’000
5501-0145F Bolts, washers, nuts, etc. 20{19JUN13* [18JUL13 6,600.00| -58 0|C |ATNAFU “41=$5,000
5501-0145G Silver plating materials 20[19JUN13* |18JUL13 2,640.00| -58 o|C |ATNAFU “41=$2,000
5501-0145H Fab. & Safety Consumables 20/19JUN13* [18JUL13 3,960.00| -58 0|C |ATNAFU “41:$3,ooo
5501-0145| Stockroom Items 1|19JUN13  |19JUN13 2,000.00| -39 0|C |ATNAFU \37:$2,000
5501-0145M Design/Peer Review 0 29MAR13 0.00| 269 0 'Peer/Design Review Milestone
5501-0146A Prepare/Submit Work Package 10|16AUG13* |29AUG13 7,085.60 -78 O|E ATNAFU IEM//EM:40
5501-0146B Setup Bus Bars Fabrication Work Area 3|06SEP13* |10SEP13 4,752.48| -82 0|E |ATNAFU |EM//EM:8 . EM//TB=32
5501-0146C OH Bus: Fab, Field fit-up and Assly (Type: 1) 5/11SEP13* |17SEP13 10,459.60|  -82 0|E |ATNAFU |EM//EM:4 : EM//SM=8 ; EM//TB=80
5501-0146D OH Flags: Fab, Field Fit-up and Assly (Type: 1) 5/090CT13* |150CT13 9,353.36| -82 0|E |ATNAFU IEM//EM=4 . EM//TB=80
5501-0146E Brazing: OH Bus Bars (Type: 1) 5(160CT13* |220CT13 13,240.16| -82 0|[E |ATNAFU |EM//EM=4 : EE//TB=40 ; EM//TB=80
5501-0146F OH: Install fittings/Conduct Hydro Test (Type: 2 3|230CT13* |250CT13 5905.04| -31 0|E |ATNAFU |EM//EM:4 . EM//TB=48
5501-0146G OH Bus: Insulation and Protective Layer (Type: 2 5/280CT13* [01NOV13 8,506.16 -31 O|E ATNAFU IEM//EM:4 . EE/ITB=80
5501-0146H OH Bus: Electrical Testing (Type: 2) 5/04NOV13* |08NOV13 17,764.32| -31 0|E |ATNAFU IEM//EM:4 ; EE/ITB=24 ; EE//EM=16 ;
EE//SM=16 ; EM//TB=80
5501-01461 OH Support Structures: Fab and Assly (Type: 1) 15/230CT13* |12NOV13 28,792.64 -82 O|E ATNAFU .EM//EM:16 ; EM//TB=240
5501-0146J OH Bus: Silver Plating (Type: 2) 3[11INOV13* |13NOV13 6,682.40| -31 0|[E |ATNAFU |EM//EM=4 . EE//TB=8 ; EM//TB=48
5501-0146K TF Bus: Fab, Field fit-up and Assly (Type: 1) 5/13NOV13* |19NOV13 10,810.80| -82 0|E |ATNAFU IEM//EM:4 ; EM//ISM=8 ; EM//TB=80
5501-0146L TF Flags: Fab, Field fit-up and Assly (Type: 1) 3|20NOV13* [22NOV13 5,905.04 -82 O|E ATNAFU |E|\/|//EM:4 : EM/ITB=48
5501-0146M Brazing: TF Bus Bars (Type: 1) 5/25NOV13* |03DEC13 10,908.08| -82 0|E |ATNAFU HEM//EM:4 : EE//TB=16 ; EM//TB=80
5501-0146N TF: Install fittings/conduct hydro test (Type: 2 3|04DEC13 06DEC13 5,905.04 -43 O|E ATNAFU IEM//EM:4 ; EM//ITB=48
5501-01460 TF Bus: Insulation and Protective Layer (Type: 2 15/09DEC13* |08JAN14 36,989.84| -43 O|E |ATNAFU HEM//EM:16 ; EE/ITB=40 ; EM//TB=280
5501-0146P TF Bus: Electrical Testing (Type: 2) 5/09JAN14*  |15JAN14 14,724.88| -43 0|E |ATNAFU IEM//EM=4 ; EE/ITB=24 ; EE//[EM=8 ;
EE//SM=8 ; EM//TB=80
5501-0146Q TF Support Structures: Fab and Assly (Type: 1) 15/04DEC13* |03JAN14 33,188.00 -82 O|E ATNAFU HEM//EM:40 ; EM/ITB=240
5501-0146R TF Bus: Silver Plating (Type: 2) 3|16JAN14*  |20JAN14 6,682.40| -43 0|E |ATNAFU |EM//EM=4 : EE//TB=8 ; EM//TB=48
5501-0146S PFlabc: Fab, Field fit-up and Assly (Type: 1) 8|06JAN14*  |15JAN14 18,008.96 -82 O|E ATNAFU IEM//EM:8 ; EM//ISM=8 ; EM//TB=140
5501-0146T PFlabc Flags, Field fit-up and Assly (Type: 1) 5/16JAN14*  |22JAN14 9,353.36| -82 0|E |ATNAFU |EM//EM:4 : EM//TB=80
5501-0146U Brazing: PFlabc Bus Bars (Type: 1) 5/23JAN14*  |29JAN14 10,130.72|  -82 0|E |ATNAFU |EM//EM:4 : EE//TB=8 ; EM//TB=80
5501-0146V PFlabc: Insulation and Protective Layer (Type: 2 10|{30JAN14* |12FEB14 24,058.64 -50 O|E ATNAFU IEM//EM:]_G ; EE/ITB=40 ; EM//TB=160
5501-0146W PFlabc: Electrical Testing (Type: 2) 5|13FEB14* |19FEB14 16,986.96|  -50 0|[E |ATNAFU IEM//EM:4; EE//TB=16 ; EE//EM=16 ;
EE//ISM=16 ; EM//TB=80

5501-0146X PFlabc Support Structures Fab and Assly (Type: 1 15/30JAN14* |19FEB14 33,188.00 -82 O|E ATNAFU .EM//EM:4() : EM//TB=240
5501-0146Y PFlabc: Silver Plating (Type: 2) 3|20FEB14* |24FEB14 6,682.40| -50 0|E |ATNAFU |EM//EM:4 ; EE/ITB=8 ; EM//TB=48
5501-0146Z CHI Bus: Fab, Field fit-up and Assly (Type: 1) 15|20FEB14  |12MAR14 48,145.44| -82 0|E |ATNAFU .41=$10,000 ; EM//EM=40 ; EM//SM=8,

EM//TB=240
5501-0147A Prepare Work Package 10[11SEP13* |24SEP13 14,171.20| 89 0|E |ATNAFU DEM//EMZBO
5501-0147B Install OH Bus Bars & Support Structures SHIFT 1 5/30MAY14* |05JUN14 17,318.88| -77 0|E |ATNAFU |EM//EM= 16 ; EM//SM=8 ; EM//TB=120
5501-0147C Install TF Bus Bars & Support Structures SHIFT 2 10/30MAY14* [12JUN14 31,715.20| -82 0|E |ATNAFU IEM//EM=24 : EM//SM=8 ; EM//TB=240
5501-0147D Install PF1abc Bus Bars & Support Structures SHI 15/13JUN14*  |03JUL14 46,111.52| -82 O0|E |ATNAFU .EM//E =32 ; EM//SM=8 ; EM//TB=360
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Activity
ID

5501-0147E
5501-0147F

5501-0147G
5501-0148A
5501-0148B
5501-0148C

Activity
Description

Install CHI Bus Bars & Support Structures SHIFT

PTP Testing: All bus bars SHIFT 1

Clean installation work area
As-built drawing changes
Document lessons learned and Archive Files

ECP FINISH

i

Forecast
Start

15 06JUN14*

07JUL14*

28JUL14*
30JUL14*
13AUG14*

20AUG14*

Forecast
Finish

26JUN14

25JUL14

29JUL14

12AUG14
19AUG14
26AUG14

Budgeted Total

Cost
46,111.52

55,433.32

5,172.48
15,963.36
2,930.24

2,930.24

m m m m

RESP

ATNAFU

ATNAFU

ATNAFU

ATNAFU

ATNAFU

ATNAFU

s|oINIDIJ[FI

FY13 FY14
MAIMIITITATSIOINIDIITFIMIAIMII TITATS

Bem/EM
MIEM=40 ; EMIISM=8 ; EE/TB=120 ;8
E/[EM=24 ; EE//SM=24 ; EM//TB=240
[EM/I
Beas
Iem
[

FY15 \
oINIDIJTEIMIAIMIITaTATSId
=32 ; EM//SM=8 ; EM//TB=360

SB=80 ; EM//EM=24
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