Work Authorization Document
NSTX Upgrade Project

igggtj)rln # 1001 Title: CS Plasma Facing Components

WBS 111 Title: Plasma Facing Components

Period of Performance: 23 February 2009 to 25 November 2013

Authorized Budget: $2,169 Control Account Manager: Tresemer
Revision #: 0 Revision Date: July-11

Authorized Work Description:

The plasma facing components (PFCs) include all the systems and related elements that serve to protect the vacuum vessel from the charged
particles and radiation flux from the plasma. These include the plasma facing tiles and mounting components, passive stabilizers, inner wall
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.

Attachments:
1- A detailed Control Account schedule showing all work packages and planning packages.
2- Budgeted Cost by month.
3- Original Work Authorization Form (WAF)

4- WBS Dictionary sheet that defines the scope of work for this WBS element.

Control Account History

Implement

ECP# Date

Prior Budget New Budget Signature

Approvals Name Signature Date

NSTX-U Project Manager R. Strykowsky

Control Account Manager K. Tresemer

Functional Manager L. Dudek




Activity Activity Work BASELINE Forecast BASELINE Forecast Schedule Total Budgeted PPC Earned value Planned value|
ID Description Days START Start FINISH Finish Slip (Days) Float Cost cost (BCWP)  cost (BCWS) H'\:m\]\-\ H'\:\mﬁ\ H'\:\mﬁ\ Hmﬁmmﬁﬁmmﬁﬁ‘}“
NSTX Upgrade Project
Subtotal 1,182|23FEBOYA |23FEBO9A 25NOV13  |08NOV13 11| 1,706  2,169,095.88 607,780.69 670,087.66- -
|y
Job: 1001 - CS Plasma Facing Components-TRESEMER
Subtotal 1,182|23FEB0O9A |23FEB09A 25NOV13  |08NOV13 11| 1,706|  2,169,095.88 607,780.69|  670,087.6
Design
1001-0021  |NDA, Export Control Issues 146 03MAY10A |03MAY10A 29NOV10  |290CT10A 19 7,256.97|100 7,342.02 7,342.02
1001-0029  |PDR Prep 36/03MAY10A |03MAY10A 22JUN10A |22JUN10A 0 0.00]|100 0.00 0.00
1001-0030  |CONDUCT PDR 2|23JUN10A |23JUN10A 24JUN10A |24JUN10A 0 0.00]|100 0.00 0.00
1001-0031  |Receipt of Material data 110%23JUN10A |23JUN10A 29NOV10  |290CT10A 19 292.33|100 206.49 296.49
1001-0031A |Processing of Material data 5/30NOV10  |01NOV10A 06DEC10  |05NOV10A 19 316.42|100 316.42 316.42
1001-0032  |Order Samples for testing (6 wks lead) 149*23JUN10A |23JUN10A 28FEB11  |31JAN11A 20 19,543.06 | 100 19,616.75 19,616.75.E =08 :41=15000
1001-0034  |PDR chit resolution 60*25JUN10A |25JUN10A 20SEP10A |20SEP10A 0 0.00]100 0.00 000/, =60 EAIES =160
1001-0035  |Update WAF for Lehman Review (prep) 30|25JUN10A |25JUN10A 06AUG10A |06AUG10A 0 0.00]100 0.00 0.00
1001-0036  |Generic Tile Qualitfication Program 61*25JUN10A |25JUN10A 21SEP10A |21SEP10A 0 0.00]100 0.00 000/, =20 EAIEM =200
1001-0037  |Lehman Review 2|10AUG10A |10AUG10A 11AUGI0A |11AUG10A 0 0.00]100 0.00 0.00
1001-0038A |Fastener Mock-up 77+/02SEP10A |02SEP10A 06DEC10  |22DEC10A -12 45,622.41 |100 45.436.17 45,436.17, =08 :41=15000 -
1001-0039 | Disruption Forces - Final Tile Analysis 75+ 12AUG10A |12AUG10A 29NOV10  |290CT10A 19 20,651.65 |100 21,008.28 21,008.284F =20 :EA/ES =40
EA] =80 ;
1001-0040  |Thermal system - Final Tile Analysis 52+180CT10* |180CT10A 30NOV10  |07JAN11A 22 26,630.60 |100 26,630.60 26,630.60| guEE =20 :EA/Em=160 ;
E =40
1001-0041  |Fastener Scheme - Final Tile Analysis 125* 14JAN11* |16DEC10A 25FEB11  |17JUN11 79| 135 37,473.80(85 31,852.73 37,473.80 =20 |: EA//Em=160:
EA/les=40
1001-0043  |Part re-design 61*28FEB11  |24FEB11A 25MAR1L  |19MAY11 39| 135 21,264.00 |60 12,758.40 21,264.00 =64 | EAlles =128
1001-0044  |Tile adjustments/Drawings 41%28MAR11 |24MAR11A 15APR11  |19MAY11 24| 178 10,885.28 |60 6,531.17 10,885.28 -16 EAles =64
1001-0045  |Fastener Prototype 97+/25MAR11* |15FEB11A 27MAY11  |30JUN11 23| 135 48.489.24 (15 7,273.39 27,406.96 EM//EM | =44 |:EAJES =40 :
EM//ST=320;M&S=5,000
1001-0046  |Testing 20|31MAY11 |01JUL11 27JUN11  |290UL11 23| 135 16,651.50 0.00 0.00 MI/EM =30 | EM/JST =120
1001-0048  |Mechanical - Material Testing 59*01MAR11* |20DEC10A 28MAR11  |18MAR11A 6 20,132.30|100 20,132.30 20,132.30 B =30 :EA/IES =40
=120;
1001-0049  |Thermal - Material Testing 53+ 01MAR11 |20DEC10A 2IMAR11  |10MAR11A 7 12,999.70 |100 12,999.70 12,999.70 =10 :EMIST =80:eallesd0
Data Date 30APR11/1105 NSTX UPGRADES Sheet 1 0f 3 [ ‘ Early Bar
Run Date 20MAY11 10:44 RESOURCE LOADED SCHEDULE
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Activity Activity Work BASELINE Forecast BASELINE Forecast Schedule Total Budgeted PPCT| Earned value Planned value|
D Description Days START Start FINISH Finish Slip (Days) Float Cost cost (BCWP)  cost (BCWS) ‘m\‘(‘l“]‘_‘ H'\:\mﬁ\ H'\:\mﬁ\ Hl‘:‘mm h mﬁm \mﬁﬁ ‘} i
1001-0050 Review Data - Material Testing 10 22MAR11 |16MAY11* 04APR11 27MAY11 -39 123 6,328.40 0.00 6,328.40 | HE WEM =40
1001-0053  |Make Material Choices 10|05APR11* |31MAY11 18APR11  |13JUN11 -39| 127 6,328.40 0.00 6,328.40 HEI‘ JEM =40 -
1001-0054 Finalize Designs/Drawings 45(28JUN11* |01AUG11 30AUG11 |030CT11 -23] 135 0.00
o o 50,734.78 0.00 SEMI/EM =144 EAIES =320 ;
1001-0055 Drawings (Assem/Installation 287*/110CT10* |01NOV10A 21DEC11 23DEC11 -2 369 40 88,935.77| T T
gs ( ) 195,023.02 77,899.95 -ﬂEN/es =2200
1001-0056 Prep Procurement Specs 15/31AUG11 |040CT11 21SEP11 240CT11 -23| 135 5,204.70 0.00 0.00 '}EM//EM =30 -
1001-0056A |CS Plasma Facing Components Peer Review 0 18MAY11* 0| 2,326 0.00 0.00 0.00
1001-0057  |FDR Prep 24|13MAY11* |16MAY11 10JUN11  |17JUN11 5| 123 34,174.08 0.00 0.00 EM/EM =128 | - EAlles =160 -
1001-0058  |CONDUCT FDR 3[13JUN11  |22JUN11* 14JUN11  [24JUN11 8| 121 7,612.80 0.00 0.00 EM/EM =16 |;EAJES =16 ;
EA//EM =16
Procure, Fab & Assembly
1001-0062  |Prep Req & Proc Package - Tiles (CFC) 9/030CT11* |250CT11* 130CT11  |04NOV11l -16| 135 6,939.60 0.00 0.00 HEM JEM =20
1001-0063 Submit Req. to Procurement - Tiles (CFC) 2|140CT11 |07NOV11 170CT11 08NOV11 -16 135 693.96 0.00 0.00 “EM//E =04 )
1001-0064  |Bid & Award (Procurement Lead Time - Tiles 40|180CT11 |09NOV11 14DEC11  |13JAN12 -16| 135 5,551.68 0.00 0.00 ‘H Lo,
(CFC) EM//EM =32 ;
1001-0065 Award - Tiles (CFC) 1|14DEC11* |13JAN12* 14DEC11 13JAN12 -16 135 0.00 0.00 0.00 “
1001-0066  |Fabricate and Deliver - CFC Material 160[15DEC11 |16JAN12 06AUG12 |28AUG12 -16| 135 432,818.40 0.00 0.00 = 35=14,000 ; EM//EM =384
41=300,,000
1001-0066B |Prep Req & Proc Package - Machine Tiles 10|04JUN12 04JUN12 15JUN12 15JUN12 0 98 0.00
oy ] g 6,049.80 0.00 [EM/EM =20 :35=2,000 :
1001-0066C |Submit Req. to Procurement - Machine Tiles 2[313uL12  [31JUL12 01AUG12 |01AUG12 o] 113 693.96 0.00 0.00 ‘ _ .
(CFC) EM/EM| =04 ;
1001-0066D |Bid & Award (Proc Lead Time - Machine 39/02AUG12 [02AUG12 26SEP12  |26SEP12 o] 113 5,551.68 0.00 0.00 E _ .
Tiles(CFC) EM//EM =32 ;
1001-0066E |Award - Machine Tiles (CFC) 2|27SEP12 27SEP12 28SEP12 28SEP12 0 113 0.00 0.00 0.00
1001-0066F |Fabricate/Machine tiles + diagnostics 85/010CT12* [010CT12* 07FEB13  |07FEB13 o] 113 321,316.90 0.00 0.00 ﬂ4;|_=; 30,000 :35=2,000
EM//EM=85
1001-0069 | Tile Bakeout 40|08FEB13 |08FEB13 04APR13  |04APR13 o] 113 66,000.00 0.00 0.00 841‘ 50000 -
1001-0071  |Prep Req & Proc Package - hardware, other 10[18JUN12* |[18JUN12* 29JUN12  [29JUN12 o] o8 6,049.80 0.00 0.00 H _ .
mater| EM//[EM | =20 ;
1001-0072 Submit Req. to Procurement - hardware, othel 2|02JuL12  |02JUL12 03JUL12 03JUL12 0 98 693.96 0.00 0.00 X
mat EM/EM | =04 ;
1001-0073 Procurement Lead Time - hardware, other 40(05JUL12 05JUL12 29AUG12 |29AUG12 0 98 5,551.68 0.00 0.00 H L _ .
material EM/IEM =32
1001-0074  |Award - hardware, other materials 1|30AUG12 [30AUG12 30AUG12 [30AUG12 o] o8 0.00 0.00 0.00 ‘
1001-0075 Fabtric_a}e and Deliver - hardware, other 160|31AUG12 |31AUG12 25APR13  |25APR13 o] 98 282,951.30 0.00 0.00 EEN”EM =320 ;
materia 41=170,000;35=2,000
1001-0078  |Fab/Assembly Procedures 30[08JUL13  [19JUN13 16AUG13 |01AUG13 11 1 21,256.80 0.00 0.00 EEM//EM 120 -
1001-0079 Tile Assembly with Hardware 40{010CT13* |16SEP13* 25NOV13 08NOV13 11 1 0.00
y 39,949.48 0.00 M/EM =32 :EM/
1001-0082 |[Installation Procedure 30[19AUG13 [02AUG13 30SEP13  |13SEP13 11 1 21,256.80 0.00 0.00 MIEM =120 -
1001-0083 Tile Re-fit, as needed, additional machinin 30{010CT13* |16SEP13* 11NOV13 250CT13 11 1 0.00
g9 34,468.32 0.00 MI/EM =40 : EMI/J
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Activity Activity Work BASELINE Forecast BASELINE Forecast Schedule Total Budgeted PPC Earned value Planned value|
ID Description Days START Start FINISH Finish Slip (Days) Float Cost cost (BCWP) cost(BCws) | FY11 | FY12 | FY13 | FY14 [EY15] FY16 |
O A ] e A
FY091001  |FY09 Actual Cost 22|23FEBO9A |23FEBO9A 30SEP0O9A |30SEPO9A 0 64,576.00]|100 64,576.00 64,576.00
FY101001  |FY10 Actual Cost 100*|01DEC09A |01DECO9A 30APR10A |30APR10A 0 103,885.00/100 103,885.00 103,885.00
FY101001A [FY10 Actual Cost 130[01APR10A |01APR10A 30SEP10A |30SEP10A 0 99,233.32|100 99,233.32 99'233'3281—904 77
FY101110  |FY10 Actual Cost 85/010CTO9A |010CT09A 31JAN10A |31JAN10A 0 49,992.00 |100 49,992.00 49,992.00
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1001 CS Plasma Facing Components (Tresemer)
BCWS
CUM BCWS
BCWP
CUM BCWP

ACWP

CUM ACWP
Ccv

SV

START 28FEB2009 31MAR2009 30APR2009 31MAY2009 30JUN2009 31JUL2009 31AUG2009 30SEP2009 310CT2009 30NOV2009 31DEC2009
0 2 9 9 8 9 9 9 9 14 12 28
0 2 11 20 29 38 47 56 65 79 91 119
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
. -2. -11. -20 -29 -38 -47 -56 -65 -79. -91 -119.
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A




1001 CS Plasma Facing Components (Tresemer)
BCWS
CUM BCWS
BCWP
CUM BCWP

ACWP

CUM ACWP
Ccv

SV

31JAN2010 28FEB2010 31MAR2010 30APR2010 31MAY2010 30JUN2010 31JUL2010 31AUG2010 30SEP2010 310CT2010 30NOV2010 31DEC2010

33 20 23 39 16 19 20 24 38 43 54 16

152 173 196 236 252 271 291 315 353 397 450 466

0 0 0 0 0 0 0 0 0 0 0 456

0 0 0 0 0 0 0 0 0 0 0 456

0 0 0 0 0 0 0 0 0 0 0 431

0 0 0 0 0 0 0 0 0 0 0 431

0 0 0 0 0 0 0 0 0 0 0 25

-152. -173. -196. -236. -252. -271. -291. -315. -353. -397. -450. -10.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.06




1001 CS Plasma Facing Components (Tresemer)
BCWS
CUM BCWS
BCWP
CUM BCWP

ACWP

CUM ACWP
Ccv

SV

31JAN2011 28FEB2011 31MAR2011 30APR2011 31MAY2011 30JUN2011 31JUL2011 31AUG2011 30SEP2011 310CT2011 30NOV2011 31DEC2011

30 39 81 51 56 54 36 39 18 23 18 43
496 535 616 667 723 777 814 853 871 894 912 955
12 28 42 69 0 0 0 0 0 0 0 0
468 495 537 606 606 606 606 606 606 606 606 606
19 27 36 25 0 0 0 0 0 0 0 0
450 477 512 537 537 537 537 537 537 537 537 537
18 19 25 69 69 69 69 69 69 69 69 69
-29. -40. -80. -61. -117. -171. -207. -246. -265. -288. -306. -349.
1.04 1.04 1.05 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13




1001 CS Plasma Facing Components (Tresemer)
BCWS
CUM BCWS
BCWP
CUM BCWP

ACWP

CUM ACWP
Ccv

SV

31JAN2012 29FEB2012 31MAR2012 30APR2012 31MAY2012 30JUN2012 31JUL2012 31AUG2012 30SEP2012 310CT2012 30NOV2012 31DEC2012

57 54 57 54 59 66 60 18 35 117 112 107
1,012 1,066 1,122 1,177 1,236 1,302 1,362 1,381 1,416 1,533 1,645 1,751
0 0 0 0 0 0 0 0 0 0 0 0
606 606 606 606 606 606 606 606 606 606 606 606
0 0 0 0 0 0 0 0 0 0 0 0
537 537 537 537 537 537 537 537 537 537 537 537
69 69 69 69 69 69 69 69 69 69 69 69
-405. -459. -516. -570. -629. -696. -756. -774. -809. -926. -1038. -1145.




1001 CS Plasma Facing Components (Tresemer)
BCWS
CUM BCWS
BCWP
CUM BCWP

ACWP

CUM ACWP
Ccv

SV

31JAN2013 28FEB2013 31MAR2013 30APR2013 31MAY2013 30JUN2013 31JUL2013 31AUG2013 30SEP2013 310CT2013 30NOV2013 31DEC2013

117 75 70 38 0 0 13 15 14 50 25 0
1,869 1,944 2,013 2,052 2,052 2,052 2,064 2,080 2,094 2,144 2,169 2,169
0 0 0 0 0 0 0 0 0 0 0 0

606 606 606 606 606 606 606 606 606 606 606 606

0 0 0 0 0 0 0 0 0 0 0 0

537 537 537 537 537 537 537 537 537 537 537 537
69 69 69 69 69 69 69 69 69 69 69 69
-1262. -1337. -1407. -1445. -1445. -1445. -1458. -1473. -1488. -1538. -1563. -1563.




Annex | - WBS Dictionary

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.
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Description
NSTX UPGRADE PROJECT

Torus Systems

Project Integrated Model

Plasma Facing Components

Vacuum Vessel and Support Structure
Magnet Systems

Plasma Heating and Current Drive Systems
High Harmonic Fast Wave (HHFW)

Coaxial Helicity Injection (CHI) Current Drive
Electron Cyclotron Heating (ECH)

Neutral Beam Injection (NBI)

Auxiliary Systems

Vacuum Pumping System
Coolant Systems

Bakeout Heating System

Gas Delivery System

Glow Discharge Cleaning System

Plasma Diagnostics
Plasma Diagnostics

Power Systems

AC Power Systems

AC/DC Converters

DC Systems

Control and Protection System

General Power Systems and Integration

Central Instrumentation and Controls (I&C)
Control System
Data Acquisition System

Project Support & Integration
Project Management and Integration
Project Physics

Integrated Systems Tests

Site Preparation and Assembly

Site Preparation
Torus Assembly and Construction
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Annex | - WBS Dictionary

protection, divertor area strike plates, and local 1&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

WABS Title:
Definition:

Vacuum Vessel and Support Structure

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

Annex | - 3
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Description:

Schedule:

Approvals:

Cost Center: 9417
Job Number:1001
Job Title:

Job Manager: Kelsey Tresemer
Rev 5 7/13/2010

Work Approval Form (WAF)

NSTX CS Upgrade PFCs

Q

Provide adequate thermal cov
1) Includes the design and analysis fo

components. 2)
Includes design modifications to the tiles to accommodate surface diagnostics

3) Includes design of tile mounting schemes and routing plan for diagnostics
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wires 4) Includes
generation of required documentation such as checked calculations, specs
and procedures. 5) Includes the

procurement of all PFC tiles and hardware for the CS and IBD

See Tab B or attached
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Engin'eering Department Head
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JOB NO 1001 CD2.xIs Tab A Description 7/20/2010 8:25 AM






Wd 92:1  0L0Z/0E/L L 4o | ebed SIX'04 200 100+ ON 80F

z'9) %02+ %02 @21

. [ VILZRD LH12/20 6 |0z ouwssal ] | o5
z'9 02+ W02 u |w ] LLERD oviER) rr P2 | OF Jowssal | | i1 &
Burse L pueRN 8
92 %02+ %0 = Wwleo Lo o |51 swesal) LI w
a R = " L0 022z 2 A - — dnpon mueieey "
|2 | ozt w0z i 9 LLLLLD OLIERY LD ! sBumIp EUeLLEN{pE 8yl st
2 + %02 w w2l DWLERL OLBZ/LL zr oz uepyoel | uBjsep-i g [
z ubmeq musny) e
2y 0T %02 = W] OLBZ/L OSHI L ir_Jor |oL verysel swepgseuesel| | | zv |
z| %02+ %0Z w | | L DL/SH/LL 0L/SZOL or | Sl ] wejshs ey w
z'p| 02+ %0E 3 || o ] 0LSZO0L OLOES0 48 | ok opeog) 980404 uopdmsi | or
= I 1]_I i [ stekpruy eq ) puly | ee
%0+ %eDb- 9 I oL/Z1/80 01/0480 OIS % |2 Ioiesal] e BT s
%02+ %2 0z 002 DLOES0 OLBLLO o [oe warELEg umiBoid uoeaiEnp e oueven| | e |
2y %602+ %02 0 | OLIOE/B0 OMBVLO o | oE s | (dead) menend unwye] 10) v M BFpdn 9
f — ety I
z'9 %02+ %02 = e LUVZI0L 010820 re [00e [ euwesel fsucisimel Burobuo up) sbuweig| | | e |
z'g %02+ %02 % | D B | I OLOB/S0 OLBLILO | | loe [oe | sewesesy vopnposel wo Had| ve
| | ] » o I = UB[eGq (60| 3
92 02+ %02 0 s | OL/FLE0 0L/SOB0 o |1z |ze Jowese | [F9] S 91 Builo9) 1o} 0I0WS 9PIO) e
e W02+ %02- | 2 | | 01/90/80 0/SO/B0 o |12 |1 Jewasa)] | jep [BueiB 318&.[| 3
0 %01+ %0L- | [ 9 o OLBLILO OLBLIED 6 |2 Jowesel HOd LONANOD| ot
g 02+ %02 o o (v 01/£2/%0 01/60/%0 01679 oL sousoseL 9id H0d [
2’| %02+ %02 or D4/LZIS0 OL/ZZV0 OL/22IY sz Jeuiesal) AYmsoompdn| Ex
ze 0 wozewoz- | | | ) — o= OLDEND OLS2Y0 082y | | L | dewese)) Meiney] Jead Jddd| i3
z'8 %02+ %02 = e | OL/BZA0 01/I2V0 0LV s wesel daud meiney 84 Tddd [
|l |
|2 WOT+ W0Z- | ov ] _ [ 0L/BO/B0 OL/BER0 OL/BElY w2 |oE el | wreuBisT sz
2 %02+ %02 or oz OL/BZV0 OV/LLRO OVLVE 0§ Jaurasaiy se0io] ”
HOTH %02 " L OV/LL/Z0 6O/B20L  BO/BZI0L 08 Meryeei) ooy ) £
~ Jeweseyl sishuy o1, Arsujwiig| zz
2 %OZ+ W02 1 1= = == = 0L/S0M0 OL/EIED OLEBLE [IL= 0oL Jewesall| senss] joiuo] boda WaN| | | 1z
2 0T+ %02 - v OWLLZO GO0 60/BZ/0) oe eI SEWIUCD JOpUSA efely oz
i | 0S5 pueew
(. 15 _ e
%0Z+ %0Z- | 3 [ (Fiquassa-uou) sbuwaip Amupijesd o
B %02+ W02 weryees) (sm/puure dod 'yp-au pus) 1) smpuey Ay
W02+ %02 [ ] '50in0) Aema;
%02+ %02 : 1erysal) (sisfroun Jod 'yj-e1 pus) 1) ofjsouBerp puw i3 ejiL|
z = | %02+ %02- =3 a0zt L DL/BIR0 BUBZ0) BO/BZ/0L =L 09k | uerses| = 1o ubisaq o1y
. . _
|z %02+ %02~ 3 BO/VLOL BO/PLIOL oL Iowesai uolnjosel I HAD)
a2 DS
- . 3 _ l
2 8 s = ] S0/YL/0L BUEHOL BUELOL L . I €09 LONANOD
2 3 or BOZ 0L BOSVOL 60/S/01 S Jewesai) daid yao
t3 o ] BO/S0/0L BAYHED 60/FLE sL Jewesal | sishjEUy (BULBy | Bji| EIHY|
z o | o 00 = = il 60/80/04 BO/VL/B0 BOFLE | | |ow Jowesnly \proosed i ‘Bijucoey emmpIuHNsouBeIgeIL|
z g [ 8Q/YA/20 BOELB0 GO/EL/D L s | waines 200d Yol
z o = 60/BL/30 BO/0BO 60/8/ [ wesal] daid moine) 300d Tddd
z 15 ] " B0/0W/B0 BOMLZILO BOILEIL oL soLesal | ok ansoubeiq
z | ozl B0/LZ/L0 BO/A0/L0 60/9/L St soluesal | wbeg el Amupmsdgodeyepl| 20 |
2 ] | BO/LZ/LO BOGER0 BB 0 Jolesal | Buipuyj o / Buiuuweg Aeuieid
TBfeeq [enisesteg
AT ey ida)
: Ja w02 £4
fucBajeg | wwomy jysypg dlva | diva | (muepdo) faspae dus SAVA | napusdsy NOLLATHOSHA HSV.L
10,2 Jo satimy pun HSINIA | LHV1S | apeqq pmg | Maeepes yame vy aoquiny -ﬂ
Fpmugieg jo spg mduy sasny oy uo) sepombas
sy ey vnoiLdo | HOM
o NO
LLY¥NA|
PAEmIE) INdNT 33511 SNOILJTHOSAd ANV SASV.L LIdNT 3351
TIaAnos
Jewesea.) Aesjey :1ebeuey qor
B B = [ '$04d epesbdn SO X1SN :9R1L qor
‘n0LequinN qor
¥6 :18ue 1s0d




Wd 8211 " TTEIL /"~ abed g L0011 ON 8O

wyo-6] | |
| HOM XSIN o} eauspiadxe [emay -g| | | T
= 819811U0D PA2OId - 4| i |
[ 10ND JOPUBASEOL BnBojatE] - 9|
[ siinsey 180 1 /mieg adAioloid - §| 8 1981U02q I 0
= (218 '17d “KASN ‘H14L “B'0) soujapiedx3 TNHOMNddd SnoIAGId - b 8 (uopangsuos uou) sjoenuCIqNS |
= (-8 '41v ‘KiM “B0) s wouy | g stuey| [ey N-8dop Yoing
Hodx3nuowabpnr 6 Bu3-z = £ swiey] HOYS-oL-4O '[9} D-8.0p.o eseydINg
e SPIBPURIS (BUONEN - || i | @. [
53002 NOILVZIHODILYD [ 1$210N
o (11 of 08 M o0 s 0k o g [} (3 [R10NE ST AT S {211 (.3 14 SIS Fearaph y
00 e g — o ]
_ ]
B %D %08 o0 |or | [ il SUBZLL EVBLOL || o8 |£8 | 0B | sowesni] Gupuiyawu puolippe ‘popesy 5 _a#_.k_q_. e
%0E+ %0E 3 LLOLBO L LIOE/LO 6. |oe Iouusei] 8Inpa301d UoRwIL) 8
Wemewa| | ze |
-1 - 0]
%06+ %06 o |2 EL/BLIOL £1/52/80 6. |oz |9z |ow Jeliese;] BIUMPIPH Y Aquiessy o)L [
T “S0E* %0E- i = o | LLOBILO L1BLA0 %5 e | o | owesas soanpesold Aguessy e 3
; ~ TEmesve o
| |
OB+ %08 & = ZL/B2/E0 1151180 sz |ostL BAIBO P BIESUGE 8L
%01+ %01 LS80 LLELSBD ro|L Py | 8L
] %02+ W0E- B LUBLBO0 LIBLS0 e | o w11 pYeT] JUSLIBINGEIG VL
| %01+ %0k LL/BL/B0 L1BI00 |z WBLIIN30L 0] ‘Do 1WGNS| &L
%02+ %02 | 3 LL/BL0 | 1/2080 ¥ | oL 06Eyo5 JUBLIBINI0I] P UoIIEINDOY dald| z
T el I | -— 1 I i il T laus i . oo T eeueiew seyio ‘ersmprey 7 weyj| o
] 82 HOE* %08 oes EW/EZ/R0 E1/B2/H0 & | ob = ererm oL
2% 0 qu| %0e+ %0e" ezs EL/BZ0 E1BIND # |08 Hi soysoubiei] 10 sey1L Uk 69
X a qui| %0e+ %0e- | T =2 ELBLYO0 | LB2IL0 99 | osv i anie() pue efEsuge] [
= %0b+ %0k | (LLBLO LV @ | i piEmy BEN
%0Z+ H0E- = | HLBZILO 1HR0B0 | op Uil pFe] S WISM00i] 50
%01+ %01~ | [ L1/20/90 | OSSO £ |2 jusllsuncald o) ‘bey pwong L]
W02 %02 3 518 I LLDE/S0 118150 95 |85 | ot ebwioRg UBWeIND0Id PUE UoIEINbeY deid %
997 a g | | | ooes : N ) [ [P [ [N | (040} setis 11 weil )
Jeliesel] TeweInasId| 19
[ [
ZET | 65
%01+ %0 o o 9 LULOYO LLUEED LLIOEE I S 12 Lonasaod | Ha4 LONANOD o
z'e W0zt 0e w=i @i LIEZ/E0 LLAOKED L1k 0z souiese | deid B3 s
z'y %02+ W02 (3 LLBLS0 | LE2A0 ERED elese)) so8ds JUBLLAINDOI] deig 9%
z's %02+ %02 v @6 L2 LIIZRD & |2+ |sp euiesai| ~ sBuiweiQ/euBIseq eziEuL [
HOZH W2 3 LU L 1AOM0 5 |s otuesal — S804 [BUeRYN SEl E3
v VEL L Cem MaineH] 198d Tddd e
z'g o o wal F e i MoLneY 100 Tddd z8
B %02+ 02" | = LLYOR0 LLAZED o5 | oL Jowesei] ®mg _isa“ is
I _ =) RS 1 [T * | 1 Jleweseuy Aesjey :1ebeuel qopr
[ LIl | §04d epeiBdn SO XLSN ‘BRIl dor
| L00L:4equiny qor




Wd 92t  0102/0g/L

110G Aurepsoun puesisiy O qel

$1X'0d ¢dd +00L ON g0

(% 1>d)-efatpeso-toN=IN ‘(%01>d) AIYIIuUn ARA=NA (%01<d<%0b) ASPIIUN=N “(%0r<d<%08) AlPNIT=T (%08<d) AIdIT AJaA =TA
*a°'1 ‘ABOjOpoL1aW UOREBIPISSE|D HSH INO0 YIIM JUSISISUOD Paldjud a( PINOYS 89Ua1In330 jo pooyir| (€)
B [ '0J92 9 p|noys saLua a|npayds ayy uayy yoedul yied |2oR0 ou S| a1y}
"yted [eanud ay} uo sjoeduil xew pue ulw ay} Se passua aq pinoys syoedwi spnpayass ayy| (2)
1oedwil 9|Inpayds sy} woly pajeinajed Ajejesedsas ale yaiym s3sod Awue Buipuess spnjoul 10N pinoys syoedwiison| (1)
1S9J0N
X ooee ATINO dJemieH pue jeuieiy 1 [euaYew Jo gvUl 00092 ‘S8l 00E 4 xoidde ]
‘Jusweoe|de) alempiey pue o|l} JOUBAIQ PIeOqINO
X 9eY ATINO diempieH n seli v
050z xo.ddy :Buipeibdn spasu aiempiey ae|d dAISSed
X X aousuadxs Bunssuibug 4YM 0} B ] Buuyoew usssiojun Buuinbal se|i| €
Pappe awi} Bujuiyoew [euolppy
'$90IN0s BuluyoBW [BUISIXD
)e8s ‘eoyns jou [m Buluiuyoew
9SNOY-Ul PUE ‘[BD1IO 8|NPaYDS §|
B X X aousyedxs Buuesuibug |9SSaA n 8wl UO paAigoal Jou sajl} 40} sosoubelp jejoeds z
Ui Sa|1l |[Bisul ‘[edllud 3|npayods |
X X aousuedxs Buussuibus [CEEEL n BWI} UO PaIaAIep 10U $8)11 1
‘alonb JOPUBA BAIJRAIBSUOD | Ul $8Y1) [|BISUI ‘[BOIILO B|NPBayos §|
| (sn9om) | (sxeem) | (4$) UBIH | I$) mo sjewnsa jo siseq uejd uonebuiy BulndaQ uonduasaq ysiy
ybiH mo7 j0 pooyiyin
| 10edw)| a|npayds 1oedwi 1509
I | _ Syoedw| [enpisag

_ _

__;

%82+ ‘%S 1~

X Aixajdwo) ubiseq

%S+ ‘ %01~

Aunyep ubiseq

SUONEISPISUG)) JaI0/SIUSWIWIoN)

(%) obuey
Auiepaoun

mo7 | Wnipew | UBIH

e

NS3 o4} JO Aurensoun

Jawasal] Ass|e) abeuep qor

susuodwon Buise ewse|d SO BpIL

:1ebeuepy qor

:9pIL qor

LOLL J8quinN qop

JaquinN qopr

0L | 1eju80 1800

119jua) 1S0)




WNd 92:1  u02/08/L

1109 AueUsLuwi pUB XSIH O qel

——

S|X'0d 2dO Louk ON 8Or

PapuUBLILLOIaY [JOVY 18d) SUOIEDYISSE[D 8jewisa 300 PUE A}SNpu| pIEpUB)S UD paseg

"Rjureysoun ajewnsa jo aalbap Ybiy B S| 218} 0S S)SIX8 HIOM

Bunewnse Joj siseq poob op ‘SySe) 3iom 10 A|GLUBSSe pup-e|

-Jojsll} Jo enbjun "sjuswalinbal Jo/pue syse} Buibua|eyo Ajpweanxy

_ _ | | |

ubiH

108dsns JeymaLuos si Ajsjeinooe ajewlisa o} Aljige oS ‘syse) Je|iwis

Bujuuoped sousuadxe pejiui] "SeIBLWIISe 8|NPayos pue }S09

1oedw 0} [elusjod aAey Jey) sjuswaiinbal yiom xa|dwod alop

_ |

wnipapy

_ ‘paulep [|am

Buleq jou suswalinbas pue poojsispun ||am Buieq Jou sjewnSs

Jo pooy(ex|| eI 1sed uf pawiiopied SeIAOE jo uonadel

10 UOONISUOD PIBPUEIS JBUJIe -- POOISIapun [|am AIe) SI oM

GONIUNea AIXe[aW03 UBIseq

Mo

‘pejoadxe

pue Aoy si Siseq sjewiise puokaq sjuswaiinbal jo uonnjoas

pue juswdojensp yonw pesu [jis -2}e 'seinpeooid 's|iejep

ubisaq "e|qejieAe Ajjuaiino siseq ubjsep |enjdeouod uey) Jayeq oN

%SGC+ %Sl %Sl+ %0L- %0L+ %SG

_ | _

Mo

"sjeLLISe Ul pajosjjal pue pajedionue

10 pejoadxa JeymaLlos aq ued sjuswdojaasp Jayun4 "Kex|

%OP+ %0T- %ST+ %Sh- %Sh+ %0k

uonnjoas ubisep [euonippe awog ‘s|qe|ieAe ubisep Areullaid

wnipep

‘eewpse joeduwi jim

1ey) pejoadxe uonnjoas Jo yuswdojaasp ubisep Jayun} ON "UMOUY

llem sjuswielinbai/sainjesy ubisep ||y 8|qejieAe ubjsep [eulq

%09+ %08~ %0F+ %02 %S+ %Sl-

ybIH wnipay Mo

e

MO




M & S Breakdown

TILES

Approx. 600 tiles

Upper
Row 1 24 2'X7°XT
Row 2-4 72 1°x4.5"x4"
Row 5 24 1°x10°x3.7°
Center
Row 6 - 20 360 .75°x3.4"x5.8"
Lower
Row 1 24 2°X7°x7T"
Row 2-4 72 1"x4.5"x4"
Row 5 24 1"x10"x3.7°
Total 600
Vol/section (in3)
Rows 1-5: high-k CFC
Rows 6-20: low-k CFC 11450.67
high-k CFC Costs: $1000/Ib (avg)
@3$1000 $542,284.38
low-k CFC Costs: $400/Ib (avg)
@400 $289,577.19
Subtotal:

No. of tiles Avg Dimensions

7900.2

Volume (i"3)

2352
1296
888

5324.4

2352
1296
888

14396.4
Vol/section (cm"3)

129461.083
187642.8621

Spare Parts
No. of tiles, +20% Volume (in"3)
30 2940
87 1566
30 1110
430 6359.7
30 2940
87 1566
30 1110
724 17591.7
Density(g/cm”3)  Lbs
1.9 542284
175 723.943

$831,86157

Billets for spare parts (not finished tiles):
$50,000

TOTAL
$881,861.57 ~$900,000.00

TILE MACHINING (not diagnostics)

$50,000.00

Rate of machining 3 tiles/day

Avg cost of machining  $72.5/hr

800 tiles @ $193.00%tile

total $150,000.00

DIAGNOSTIC MACHINING

Rate of machining 6 tiles/day

Avg cost of machining ~ $72.5/hr

235 tiles @ $96.671ile

total $22,216.67

HARDWARE (nuts, bolts, weld studs, Grafoil, locating pins, rails)

Bolts $2,000.00

Nuts $20,000.00 new tech

Rail $20,000.00

T-bar $20,000.00

Pins $5,000.00

Studs $10,000.00

Grafoil $5,000.00

Locating pins $1,000.00

Belville washer $3,000.00
$86,000.00

TOTAL

$136,000.00

USE $170,000.00

Reflect a 25% increase due to increase in amount of material (larger surface area)

$170,000.00

Handling Loss
No. of tiles, +10% Volume (in*3)

33 3234
957 1722.6
33 1221
473 6995.67
33 3234
957 17226
33 1221
796.4 19350.87

Compared M&S data from old Job Cost Reports (circa 1997 - 2001)
Inflation adjusted

1997 $0.00 [
1998 $59,720.00 $76,823.81
1999 $7,070.00 $8,959.81
2000 $0 [
2001 $28,974.00 $34,977.41
TOTAL $95,764.00 $120,761.03

Reflect a 25% increase due to increase in amount of material (larger surface area)

TOTAL
$150,951.29 ~$160,000.00
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