


( 

GEM Cost and Schedule Summary Book 

Top Level WBS Chart 

Detector Summary 

Table of Contents 

Tracker •.••...••......••...............•••....•••..•.•......•...................••..........•....•.......• 522.501 o 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 

Calorimeter ..........................................................•.................................. 522.5020 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 

Muon .....•..•.•..•.•.....................................•..•............•.......................•.......... 522.5030 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 



Mag net ..................................................................................................... 522.5040 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 

Electronics .............................................................................................. 522.5050 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 

Computing .............................................................................................. 522.5060 
A. Picture 
B. Parameter Tables 
C. Cost Breakdown Chart 
D. Extended WBS Cost Summary 
E. Summary Schedules 
F. Cost Profile 

Interface .................................................................................................. 522.5070 
A. Cost Breakdown Chart 
B. Extended WBS Cost Summary 
C. Summary Schedules 
D. Cost Profile 

Project Management .............................................................................. 522.5090 
A. Cost Breakdown Chart 
B. Extended WBS Cost Summary 
C. Summary Schedules 
D. Cost Profile 



522.5010 
Tracker 

10.01 
R&D 

10.02 
Silicon Tracker 

10.03 
IPC Tracker 

10.04 
Reserved 

10.05 
Reserved 

10.06 
STS/IPC Assembly 

10.07 
Installation andFinal 
Test 

10.08 
Project Management 

10.09 
Conceptual/ 
Prelimlnary Design 

522.5020 
Calorimeter 

20.01 
R&D 

20.02 
Inner Barrel 
Calorimetry 

20.03 
Scintillating Barrel 
Hadronlc Sections 

20.04 
Endcap 
Calorimetry 

20.05 
Forward Hadronic 
Calorimetry 

20.06 
Passive 
Absorber 
20.07 
Vacuum 

20.08 
Cryogenics 

20.09 
Instr., Power & 
Operational Control 

20.10 
Final Assembly 

20.11 
Hall Installation 

20.12 

522.5030 
Muon 

30.01 
R&D 

30.02 
Barrel Region -
csc 
30.03 
Endcap Region -
csc 
30.04 
Installation -
csc 
30.05 
Project 
Management -
csc 
30.06 
Conceptual/ 
Preli ml nary 
Design 

Calibration and Test Beam Program 

20.13 
Subsystem Management 

20.14 
Conceptual/ 
Preliminary Design 

522.5040 
Magnet 

40.01 
R&D 

40.02 
Design 
Completion 

40.03 
Fabrication & 
Assembly 

522. 
GEM 

40.04 
Installation and 
System Testing 

40.05 
Project 
Management 

40.06 
Conceptual/ 
Preliminary 
Design 

522.5050 522.5060 
Electronics Computing 

50.01 60.01 
R&D R&D 

50.02 60.02 
Front End Global Control 

System 

50.03 160.03 
Data Acquisition On-line 

Computing 

50.04 L- 60.04 
Trigger 

50.05 
Integration 

50.06 
Project Management 

50.07 
Conceptual/ 
Preliminary Design 

Network and 
Communications 

~ DETECTOR PROJECT 

522.5070 
Interface 

70.01 90.01 
CDS Support Planning & Controls 

70.02 90.02 
Beam Pipe Engineering & 

Integration 

70.03 90.03 
Detector Access ES&H&QA 
Equipment 

70.04 L 90.04 
Detector Safety 
Systems 

70.05 
Utility Services 

70.06 
Cranes 

70.07 
Auxiliary Equipment 

70.08 
Gas Services 

70.09 
Survey Systems 

70.10 
Magnetic Shielding 

70.11 

Administration 

Test Beam/Calibration Hall 

70.12 
Cable & Plumbing Routing 



GEM COST ESTIMATE SUMMARY 4/26/93 

GEM DETECTOR SYSTEM 
FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M+L,k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

·GEM DETECTOR SYSTEM ()() 274,531 3,657,544 167,306 441,837 6,029 1% 103,362 23% 551,228 

10 -CENTRAL TRACKER 01 12,168 190,275 9,786 21,954 0 0% 5,369 25% 27,324 

20 -CALORIMETER 01 68,570 1,012,430 37,976 106,546 0 0% 28,870 27% 135,415 

30 -MUON 01 40,631 891,791 36,819 n,449 0 0% 20,897 27% 98,347 

40 -MAGNET 01 64,787 348,234 33,232 98,019 6,029 6% 21,2n 21% 125,325 

50 -ELECTRONICS 01 52,619 465,971 22,552 75,171 0 0% 17, 100 23% 92,272 

60 -COMPUTER & CONTROLS 01 10,390 168,299 5,478 15,869 0 0% 3,591 23% 19,460 

70 -INTERFACE SYSTEMS 01 21,814 122,305 3,567 25,381 0 0% 4,433 18% 29,813 

90 -PROJECT MANAGEMENT 01 3,551 458,239 17,897 21,448 0 0% 1,825 9% 23,274 

~ DETECTOR PROJECT Page 



GEM DETECTOR SYSTEM 

' 
GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Materifil, kLManHours_Labor, k$_ M + ~k$_Ml!!'kuR.J<$_ % ContlngencyLk$_°/o _T9TAL, k$ 
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RESERVED 

-STS / IPC ASSEMBLY ( uphole) 

-INSTALLATION AND FINAL TEST (downhole) 
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GEM DETECTOR SYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ _ ... ± L.1tl__ Marl<lrn, 1<$ %_ Contingency, k$ % TOTAL, k$ 
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17,100 23% 

462 8% 
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1,740 26% 

63 8% 

363 21% 
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GEM DETECTOR SYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 
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3,101 
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17,392 
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7,760 

11,803 

1,884 

1,828 
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GEM DETECTOR SYSTEM COST ESTIMATE SUMMARY 
22-Apr-93 
(Costs in millions of FY93 dollars) 

Procurements/Fabrication 252 
Installation/ Assembly 56 

Subtotal (Procurements and Labor) 308 

EDIA 111 

Direct Costs 419 

Contingency 103 

Subtotal 522 

R&D 29 

TOTAL GEM DETECTOR SYSTEM FY93 $M 551 

* % of subtotal (Procurements and Labor) 

(36%)* 

(25%) 

(9%)* 



GEM DETECTOR SYSTEM COST ESTIMATE SUMMARY 
22-Apr-93 
(Costs in millions of FV90 dollars) 

Procurements/Fabrication 228 
Installation/ Assembly 51 

Subtotal (Procurements and Labor} 279 

EDIA 101 

Direct Costs 380 

Contingency 93 

Subtotal 473 

R&D 26 

TOTAL GEM DETECTOR SYSTEM FY90 $M 499 

* % of subtotal (Procurements and Labor) 

(36%)* 

(24%} 

(9%)* 



GEM DETECTOR COST SUMMARY 4125193 

Inspection Proc/Fab Subtotal Subtotal Subtotal 
Eng/Des M&S Adm in Material Assembly Installation Labor Material lab& Mat1 Canting. Total 

WBS Item k$ k$ k$ k$ k$ k$ k$ k$ k$ k$ k$ 

GEM DETECTOR SUMMARY 85,377 12,173 29,464 263,418 48,686 8,747 168,496 279,370 447,866 103,362 551,228 

10 CENTRAL TRACKER 6,073 1,404 1,109 10,346 2,723 300 9,786 12,168 21,954 5,369 27,323 
20 CALORIMETER 12,899 1,015 4,339 67,550 18,149 2,593 37976 68,570 106 546 28,869 135,415 
30 MUON 10,805 1,379 6,712 37,358 20,229 966 36,819 40,631 77,449 20,897 98,347 
40 MAGNET 21,793 3,461 7,311 64,208 4,803 2,472 34,422 69,626 104,048 21,277 125,325 
50 ELECTRONICS 17112 943 2,356 52326 1125 1,309 22,552 52619 75171 17100 92.272 
60 COMPUTING 5,034 202 21 10,190 421 0 5,478 10,390 15,869 3,591 19,460 
70 INTERFACE 1,132 218 245 21,441 1,237 1,107 . 3,566 21,814 25,380 4,433 29,813 
90 PROJECT MANAGEMENT 10,528 3,551 7,369 0 0 0 17,897 3,551 21,448 1,825 23,274 

i:::·r>:::.;;:·:·"·".::·::::.-:·:':·:·:···""·:·'""··"":·:""<' ... .. ·"""·"· .. ,, ..... -.. ,:.:,: ..... .......................... ,.,,..,,.;')(\::;:;:::•):· .'.' .,..,. '"I""· .?/\) :::: ...... :<::• I:::.:;]::\'::'::'.::" 

GEM DETECTOR CONSTRUCTION 52,892 8,559 28,835 252,627 47,619 8,629 133,707 265,453 399,160 98,952 498,113 

lo CENTRAL TRACKER 4,130 731 1,109 9,439 2,723 300 7,646 10,786 18,433 5,369 23,802 
20 CALORIMETER 10,333 827 4,135 62,987 17,082 2,475 34,020 63,819 97,838 26,781 124,620 
30 MUON 4,687 943 6,569 35,628 20,229 966 30,557 38,465 69,021 20,072 89,093 
40 MAGNET 4,900 1,452 7,311 64,208 4,803 2,472 17,529 67,617 85,146 20,909 106,055 
50 ELECTRONICS 13,634 694 2,075 50,850 1,125 1,309 18,501 51,186 69,687 16,638 86,325 
60 COMPUTING 3,548 143 21 8,074 421 0 3,992 8,215 12,206 2,925 15,132 
70 INTERFACE 1,132 218 245 21 441 1,237 1,107 3,566 21,814 25380 4,433 29,813 
90 PROJECT MANAGEMENT 10,528 3,551 7,365 0 0 0 17,897 3,551 21,448 1.825 23,274 

I·.·:""•::·::·.-.;:_ :::'::!'::·:·:'/:: ,', ,:•: •:\.,,•:r::::::;::"'::l::':-:::::;::·:::': :::;;..;;:.>:'::'·');} ... 
''"' '"'"''"' 

....... !"''"·"''''"""" ,,.,,., , ................ ,. .. , .. ::.;,;.:::·: ::::::::+t:i1!';;:.- ·:;;t:;~;:::,:;+.<' ;;..:. 

GEM DETECTOR R&D 13,458 2,748 485 10,792 1,067 118 15,618 13,050 28,668 3,075 31,743 

10 CENTRAL TRACKER 1,599 577 0 907 0 0 1,797 1,286 3,083 0 3,083 
20 CALORIMETER 702 71 205 4,563 1,067 118 2,092 4,634 6,726 1,883 8,609 
30 MUON 4,550 228 0 1,730 0 0 4,550 1958 6,508 0 6,508 
40 MAGNET 1,641 1,563 0 0 0 0 1641 1563 3,204 64 3,268 
50 ELECTRONICS 3,479 249 281 1,476 0 0 4,051 1,433 5,484 462 5,946 
60 COMPUTING 1,487 59 0 2,116 0 0 1487 2,175 3,662 666 4,328 
70 INTERFACE 0 0 0 0 0 0 0 0 0 0 0 
90 PROJECT MANAGEMENT 0 0 0 0 0 0 0 0 0 0 0 

l.:::;:;:;./;':'J:::;:;'::::::;"'"''''•'''"'":::,::n:;:-::·;'·X' ·""·:':'f:•::':"'" :',:',;"/•:: "'"""''·: .,,,,, .. ,... .. ,, ... , ..... ""'' •::;:;:;.;;;;; ~:;::·:;:::::::;:.::;::::;;:;':::;;: """''''·" ........ ...... .'.;~;!:iii~\i1 ;;):;:,:; 

GEM DETECTOR C&P/D 19,027 866 144 0 0 0 19,171 866 20,037 1,335 21,373 

10 CENTRAL TRACKER 343 96 0 0 0 0 343 96 439 0 439 
20 CALORIMETER 1,864 117 0 0 0 0 1,864 117 1 981 205 2,186 
30 MUON 1,568 208 144 0 0 0 1,712 208 1 920 826 2,745 
40 MAGNET 15,252 446 0 0 0 0 15,252 446 15,698 304 16,002 
50 ELECTRONICS 0 0 0 0 0 0 0 0 0 0 0 
60 COMPUTING 0 0 0 0 0 0 0 0 0 0 0 
70 INTERFACE 0 0 0 0 0 0 0 0 0 0 0 
90 PROJECT MANAGEMENT 0 0 0 0 0 0 0 0 0 0 0 

GEM DETECTOR PROJECT 
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5.2.2.505.1 GEM DETECTOR COST SUMMARY FY93 4/25193 

s::.,. ineerirvl/rM tinn M&S 1~' """kvJAdnin Proc/Fab Assemhlv lnslallation Totals 
labor Rate Total Malerial Labor Rate Total Male rial Labor Rate Subtotal Material Total Labor Rate Subtotal Materia Total Labor Material Subtotal Conti111t. Total 

Item mv kS/mv k$ k$ mv kS/mv k$ k$ mv k$/mv k$ k$ k$ mv k$/mv k$ k$ k$ k$ k$ k$ k$ k$ 
Central Tracker Const 37 111 4,130 731 11 97 1,109 9,439 34 63 2,106 616 2,723 4 82 300 0 300 7,646 10,786 18,433 5,369 23,802 
Central Tracker R&D 15 109 1,599 577 0 0 0 907 0 0 0 0 0 0 0 0 0 0 1,797 1,286 3,083 0 3,083 
Central Tracker C&P/D 2 148 343 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 343 96 439 0 439 
Calorimeter Const 105 99 10,333 827 63 65 4,135 62,987 283 60 17,077 5 17,082 41 61 2,475 0 2,475 34,020 63,819 97,838 26,781 124,620 
Calorimeter R&D 8 87 702 71 5 45 205 4,563 22 48 1,067 0 1,067 2 48 118 0 118 2,092 4,634 6,726 1,883 8,609 
Calorimeter C&P/D 17 111 1,864 117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,864 117 1,981 205 2,186 
Muon Const 42 112 4,687 943 54 123 6,569 35,628 318 58 18,403 1,828 20,229 16 56 899 67 966 30,557 38,465 69,021 20,072 89,093 
MuonR&D 36 128 4,550 228 0 0 0 1,730 •O 0 0 0 0 0 0 0 0 0 4,550 1,958 6,508 0 6,508 
MuonC&P/D 13 121 1,568 208 1 159 144 0 0 0 0 0 0 0 0 0 0 0 1712 208 1 920 826 2,745 
Magnet Const 37 133 4,900 1,452 53 138 7,311 64,208 69 52 3,578 1,225 4,803 30 57 1,740 733 2,472 17,529 67,617 65,146 20,909 106,055 
MagnetR&D 0 0 1,641 1,563 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,641 1,563 3,204 64 3,268 
Maanet C&P/D 0 0 15,252 446 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15252 446 15 698 304 16,002 
Electronics Const 147 93 13,634 694 23 91 2,075 50,850 4 51 184 941 1,125 26 48 1,261 49 1,309 18,501 51, 186 69,687 16,638 86,325 
Electronics R&D 28 124 3,479 249 2 127 281 1,476 0 0 0 0 0 0 0 0 0 0 4,051 1,433 5,484 462 5,946 
Electronics C&P/D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Computing Const 57 62 3,548 143 1 40 21 8,074 10 42 421 0 421 0 0 0 0 0 3,992 8,215 12,206 2,925 15,132 
Computing R&D 27 55 1,487 59 0 0 0 2,116 0 0 0 0 0 0 0 0 0 0 1,487 2,175 3,662 666 4,328 
Comoutina C&P/D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Interface Sys Const 16 72 1,132 218 3 75 245 21,441 25 46 1,162 75 1,237 21 48 1,027 80 1,107 3,566 21,814 25,380 4,433 29,813 
Interface Sys R&D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Interface Svs C&P/D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Project Mgmt Const 127 83 10,528 3,551 132 56 7,369 0 0 0 0 0 0 0 0 0 0 0 17,897 3,551 21,448 1,825 23,274 
Project Mgmt R&D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Proiect Marni C&P/D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.... :.:;:,\;;.:,:.;. :,.: .. ';::<::(:;,,!,·; ";·:;:·,:::·;' .,,, ;;;•;:,' ~ . . : ,: . . V+h T·;;~.;(·. :::.:;r~!\}.::· >'.t:! j;:.;;( ·1(1;1,:::);,.f: .•. ~:.,:;.::,:i::-i:,:,; -~i:m··:_,~,:;;i:;;···: :);i;i;;;·;;1;,: : :;;~;i;i;;;;,1!j:,; :;:1i1;1~l:~i;~1i;1;1: .:~::J;[:;;l ;j:j;[:~; ,;::;:i.; ·ii)f([i'. ·1~J,j~f:~;j~11;; ;i;!iff !lrn~:t [i~-m:!il:!ir:m,1;! ;:r;;:~;; f:j i; :inH;1~1:l~liiil~fj;: :1 ~l;f ;~ :!~;; ];1::[~'.i;~:i; : :u:;;1~1:1i~:m:111i!ii:r !l!'.H!;j;;:~;/:~~i r::. .,;;,;;~.f;[{:;;,_,, ... ..·,i.::.·;_.,;;,;,,;:.: 

SUBSYSTEMS SUMMARY 
CENTRAL TRACKER 54 112 6073 1.404 11 97 1109 10 346 34 63 2106 616 2 723 4 82 300 0 300 9786 12168 21 954 5 369 27323 
CALORIMETER 129 100 12,899 1,015 68 64 4,339 67,550 306 59 18,144 5 18, 149 43 60 2,593 0 2,593 37,976 68,570 106,546 28,869 135 415 
MUON 90 120 10,805 1,379 55 123 6 712 37358 318 58 18,403 1 826 20,229 16 56 899 67 966 36,81g 40 631 77449 20,897 98,347 
MAGNET 37 591 21 793 3 461 53 138 7 311 64208 69 52 3578 1225 4 803 30 57 1 740 733 2472 34 422 69626 104 048 21 277 125 325 
ELECTRONICS 175 98 17,112 943 25 94 2356 52,326 4 51 184 941 1,125 26 48 1,261 49 1309 22552 52619 75,171 17,100 92.272 
COMPUTING 84 60 5,034 202 1 40 21 10,190 10 42 421 0 421 0 ··- 0 0 0 5478 10390 15,869 3,591 19.460 
INTERFACE 16 72 1132 218 3 75 245 21 441 25 46 1162 75 1 237 21 48 1 027 80 1107 3566 21 814 25380 4433 29,813 
PROJECT MGMT 127 83 10 528 3,551 132 56 7369 0 0 - 0 0 0 0 - 0 0 0 17,897 3551 21,448 1825 23.274 

GEM DETECTOR SYSTEM 712 120 85,377 12,173 348 85 29,484 263,418 765 58 43,998 4,688 48,686 141 56 7,818 928 8,747 168,496 279,370 447,866 103,362 551.228 

GEM DETECTOR PROJECT 
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GEM DETECTOR LABOR RATE ANALYSIS 
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I 
I 

GEM DETECTOR SYSTEM 

CENTRAL TRACKER 
CALORIMETER 
MUON 
MAGNET 
ELECTRONICS 
COMPUTING 
INTERFACE 
PROJECT MGMT 

I T-ICoot·KS Total Cost • K• 
I lw/condn-"""' lwlo contirvutl'V!VI 

551,221 447,lff 

27,323 21,954 
135,415 106,546 

11,347 n,«9 
125,325 104,048 

92,272 75,171 
19,410 15,869 
29,113 25,380 
23,274 21,448 

EDIA. R&D and Contingency Analysis (FY93) 

Construction Cost • KS EDIA·KS I EDIA% I R&D·KS I R&D% 
!Pr/Fabllnst/Aosvl (no R&Dl I{% of constructionll I 1% of Constl I 

308,174 110,323 35.7% 

12,481 6,411 51.4% 
82,544 17,276 20.9% 
56,823 14,119 24.8% 
71,483 29,361 41.1% 
53,285 16,402 30.8% 

8,495 3,711 43.7% 
23,784 1,596 6.7% 

0 21,448 0.0% 
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llY BVllBYSTDI 
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3,083 24.7% 
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5,484 10.3% 
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0 0.0% 
0 0.0% 
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Continaencv - KS I Continn..l'V'\l % I 
I %IT ota~R&Dl I 

103,362 25% 

5,369 28% 
28,869 29% 
20,897 29% 
21,277 21% 
17,100 25% 
3,591 29% 
4,433 17% 
1,825 9% 
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~ DETECTOR PROJECT 

Central Tracker Physical Parameters Table 

Siiicon Mlcrostrlp Interpolating Pad 
Inner Tracker 

' 
Chamber 

Outer Radius 35 cm 95 cm 

Inner Radius 10 cm 35 cm 

Length 200 cm 300 cm 

Weight TBD TBD 

Resolution 10 Microns 50 microns 

Alignment Stability 10 microns 25 microns 



14,000 

12,000 

10,000 

- 8,000 
C") 
O> 

I >-
lL -~ 6,000 

4,000 

2,000 

0 

10.02 Silicon Tracker 10.03 Interpolating Pad 10.01 Research & 
System (Sis) Tracker (lpc) Development 
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LEVEL 2 COMPONENTS 

ESTIMATED TOTAL k$27,323 

10.06 Sts /lpc 
Assembly ( Uphole) 

10.08 Projed 
Management 

10.07 Installation And 
Final Test (Down hole) 
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GEM COST ESTIMATE SUMMARY 4/25/93 

CENTRAL TRACKER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

10 -CENTRAL TRACKER 01 12,168 190,275 9,786 21,954 5,369 25% 27,324 

10.01 -RESEARCH & DEVELOPMENT 02 1,286 29,236 1,797 3,083 0 0% 3,083 

10.01.1 -SILICON TRACKER SYSTEM R & D 03 n4 14,449 873 1,647 0 0% 1,647 

10.01.1.1 STS R & D - OVERALL STS DESIGN 04 13 1,063 64 76 0 0% 76 

10.01.1.2 STS R & D- SI WAFER R & D AND PROTOTYPE 04 190 1,728 110 301 0 0% 301 

10.01.1.3 STS R & D - COOLING SYS. R &. D AND PROTOTYP 04 178 3,225 198 376 0 0% 376 

10.01.1.4 STS R & D - SUPPORT SYS. R & D AND PROTOTYP 04 213 4,439 273 485 0 0% 485 

10.01.1.5 STS R & D - INTERNAL ALIGNMENT SYS. R & DA 04 83 2,188 125 207 0 0% 207 

10.01.1.6 STS R & D - INNER SHELL TEST ASSY. 04 97 1,806 104 202 0 0% 202 

10.01.2 -IPC TRACKER R & D 03 128 14,787 924 1,052 0 0% 1,052 

10.01.2.1 SUPERLAYER MODULES 04 128 8,860 490 617 0 0% 617 

10.01.2.2 SUPPORT STRUCTURE 04 0 3,544 260 260 0 0% 260 

10.01.2.3 IPC COOLING DISTRIBUTION 04 0 1,192 87 87 0 0% 87 

10.01.2.4 IPC GAS SYSTEM 04 0 1,192 87 87 0 0% 87 

10.01.3 RESERVED 03 0 0 0 0 0 0% 0 

10.01.4 RESERVED 03 0 0 0 0 0 0% 0 

10.01.5 BEAM TESTS 03 384 0 0 384 0 0% 384 

10.02 -SILICON TRACKER SYSTEM (STS) 02 7,116 59,628 3,344 10,461 3,003 29% 13,463 

10.02.1 -STS SILICON DETECTOR 03 3,649 6,334 414 4,063 1,219 30% 5,282 

10.02.1.1 CENTRAL REGION WAFERS 04 808 0 108 916 275 30% 1,191 

10.02.1.2 -FORWARD REGION WAFERS 04 2,140 0 117 2,257 6n 30% 2,934 

10.02.1.2.1 1-4 x 6 cm FORWARD REGION WAFERS 05 970 0 117 1,087 326 30% 1,414 

10.02.1.2.2 2-4 cm TAPERED FWD REGION WAFERS 05 286 0 0 286 86 30% 372 

10.02.1.2.3 3-6 cm TAPERED FWD REGION WAFERS 05 714 0 0 714 214 30% 928 

1 0.02.1.2.4 4-6 cm TAPERED FWD REGION WAFERS 05 170 0 0 170 51 30% 221 

~ DETECTOR PROJECT 
Page 
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CENTRAL TRACKER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/25/93 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ _Contingency, k$ % TOTAL, k$ 

10.02.1.3 

10.02.1.4 

10.02.1.4.1 

10.02.1.4.2 

10.02.1.4.3 

10.02.1.4.4 
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10.02.2.2.3 

10.02.2.2.4 
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10.02.2.4 

1 0.02.2.4.1 

10.02.2.4.2 

10.02.2.4.3 

10.02.2.4.4 

SILICON DETECTOR PROTOTYPES 

-LADDER ASSEMBLY 

PROTOTYPE LADDER ASSEMBLY 

CENTRAL REGION LADDER ASSEMBLY 

FORWARD REGION LADDER ASSEMBLY 

LADDER ASSEMBLY TOOLING 

-STS MECHANICAL COMPONENTS 

-CENTRAL REGION 

CENTRAL REGION COOLING RINGS 

CENTRAL REGION KINEMATIC MOUNTS 

CENTRAL REGION LADDER SUB-ASSEMBLY 

CENTRAL REGION ASSEMBLY TOOLING 

-FORWARD REGION 

FORWARD REGION COOL RINGS 

FORWARD REGION KINETIC MOUNTS 

FORWARD REGION LADDER SUB-ASSEMBLY 

FORWARD REGION ASSEMBLY TOOLING 

-CENTRAL REGION SUPPORT CYLINDERS 

CENTRAL REGION SUPPORT CYLINDERS 

CENTRAL REGION CYLINDER KINETIC MOUNTS 

-SPACE FRAME 

SPACE FRAME TUBES 

SPACE FRAME JOINTS 

SPACE FRAME SPOKES 

SPACE FRAME KINEMATIC MOUNTS 
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4,460 

1,007 

1,007 

815 

1,631 

0 

189 

0 

43 

146 

0 

1,833 

489 

166 

68 

139 

117 

591 

196 

76 

249 

70 

220 

113 

107 

246 

57 

57 

46 

87 

218 

671 

91 

118 

400 

62 

4,372 

1,145 

519 

151 

180 

296 

1,170 

565 

199 

270 

136 

397 

237 

159 

790 

223 

321 

73 

173 

65 30% 

201 30% 

27 30% 

35 30% 

120 30% 

19 30% 

1,262 29% 

312 27% 

145 28% 

39 26% 

68 38% 

59 20% 

402 34% 

215 38% 

52 26% 

86 32% 

49 36% 

108 27% 

57 24% 

51 32% 

212 27% 

54 24% 

90 28% 

20 28% 

49 28% 
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284 

873 

119 

153 

520 

81 

5,633 

1,457 

664 

190 

248 

355 

1,572 

780 

250 

356 

185 

505 

294 

211 

1,003 

276 

411 

93 

222 



GEM COST ESTIMATE SUMMARY 4/25/93 

CENTRAL TRACKER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

10.02.2.5 -OAS ENCLOSURES 04 582 4,627 266 670 226 26% 1,097 

10.02.2.5.1 OUTER GAS ENCLOSURE 05 372 2,344 141 513 123 24% 636 

10.02.2.5.2 INNER GAS ENCLOSURE 05 75 1,166 75 150 30 20% 179 

10.02.2.5.3 END GAS ENCLOSURE 05 135 1,295 72 207 75 36% 282 

10.02.3 -STS COOLING DISTRIBUTION SYSTEM 03 262 4,965 311 573 112 20% 685 

10.02.3.1 STS INTERNAL COOLING 04 17 992 59 n 12 16% 89 

10.02.3.2 STS EXTERNAL COOLING 04 245 3,992 252 496 99 20% 596 

10.02.4 STS NITROGEN GAS SYSTEM 03 58 1,914 69 147 29 20% 176 

10.02.5 ·STS ALIGNMENT SYSTEM & INSTRUMENTATION 03 550 11,122 637 1,167 355 30% 1,542 

10.02.5.1 ASSEMBLY· OPTICAL ALIGNMENT SYSTEM 04 414 6,691 397 811 227 28% 1,038 

10.02.5.2 INTERNAL OPTICAL MONITORING SYSTEM 04 137 4,231 240 376 128 34% 504 

10.02.6 STS SHIPPING 03 59 1,382 60 119 26 22% 146 

10.03 -INTERPOLATING PAD TRACKER {IPC) 02 3,032 44,140 1,670 4,902 1,360 26% 6,262 

10.03.1 -IPC SUPERLA YER MODULES 03 1,666 25,712 900 2,567 725 26% 3,311 

10.03.1.1 ·BARREL MODULES 04 990 11,456 455 1,446 394 27% 1,840 

10.03.1.1.1 ·MECHANICAL 05 766 2,312 134 900 264 29% 1,164 

10.03.1.1.1.1 -CATHODE PC BOARDS 06 223 363 21 244 59 24% 303 

10.03.1.1.1.1.1 PRINTED CIRCUIT SUBSTRATE 07 100 166 11 111 22 20% 133 

10.03.1.1.1.1.2 ANISHED CIRCUIT BOARD 07 123 177 10 133 37 28% 170 

10.03.1.1.1.2 ANODE WIRE SUPPORT FRAMES 06 57 1n 10 67 16 24% 83 

10.03.1.1.1.3 CATHODE SUPPORT FRAMES 06 29 1n 10 39 12 32% 51 

10.03.1.1.1.4 HARDBACK CORES 06 208 177 10 219 70 32% 288 

10.03.1.1.1.5 ANODE WIRES 06 17 177 10 27 4 14% 31 

10.03.1.1.1.6 MODULE GAS PLENUMS 06 4 1n 10 14 3 24% 18 

10.03.1.1.1.7 GAS WINDOW SUPPORT FRAMES 06 8 177 10 18 5 26% 23 

~ DETECTOR PROJECT Page 3 
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CENTRAL TRACKER SUBSYSTEM 

• 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/25193 

WBS Code Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

10.03.1.1.1.8 

10.03.1.1.1.9 

10.03.1.1.1.10 

10.03.1.1.1.11 

10.03.1.1.1.11.1 

10.03.1.1.1.11.2 

10.03.1.1.1.12 

10.03.1.1.2 

10.03.1.1.2.1 

10.03.1.1.2.2 

10.03.1.1.2.3 

10.03.1.1.3 

10.03.1.1.4 

10.03.1.2 

10.03.1.2.1 

10.03.1.2.1.1 

10.03.1.2.1.1.1 

10.03.1.2.1.1.2 

10.03.1.2.1.2 

10.03.1.2.1.3 

10.03.1.2.1.4 

10.03.1.2.1.5 

10.03.1.2.1.6 

10.03.1.2.1.7 

10.03.1.2.1.8 

GAS WINDOW 

CONTINUOUS CATHODE PLANE 

END PLATES 

·BARREL MODULE DOUBLET HARDWARE 

MODULE DOUBLET STRUT 

MODULE DOUBLET TUBE 

ALIGNMENT PINS, ETC. 

-ELECTRICAL 

HIGH VOLTAGE DISTRIBUTION 

LOW VOLTAGE DISTRIBUTION 

ELECTRICAL ASSY. AND INTERFACE 

MODULE SUB-ASSEMBLY 

SUB-ASSEMBLY TOOLING AND AXTURES 

-ENDCAP MODULES 

-MECHANICAL 

-CATHODE PC BOARDS 

PRINTED CIRCUrT SUBSTRATE 

FINISHED CIRCUrT BOARD 

ANODE WIRE SUPPORT FRAMES 

CATHODE WIRE SUPPORT FRAMES 

HARDBACK CORES 

ANODE WIRES 

MODULE GAS PLENUMS 

GAS WINDOW SUPPORT FRAMES 

GAS WINDOW 

~~ DETECTOR PROJECT 

06 

06 

06 

06 

07 

07 

06 

05 

06 

06 

06 

05 

05 

04 

05 

06 

07 

07 

06 

06 

06 

06 

06 

06 

06 

7 

42 

84 

67 

27 

40 

21 

95 

42 

42 

11 

23 

107 

696 

537 

151 

68 

83 

38 

21 

254 

7 

2 

6 

6 

1n 

1n 

1n 

1n 

89 

89 

1n 

532 

1n 

1n 

1n 

7,372 

1,240 

14,256 

2,038 

354 

1n 

1n 

1n 

1n 

1n 

1n 

1n 

1n 

1n 

10 

10 

10 

10 

5 

5 

10 

31 

10 

10 

10 

247 

43 

445 

108 

20 

10 

9 

9 

9 

9 

9 

9 

9 

9 

17 

52 

94 

n 
32 

45 

32 

126 

52 

52 

21 

269 

150 

1, 141 

645 

170 

78 

92 

48 

30 

264 

17 

11 

16 

16 

4 24% 

17 32% 

39 42% 

21 27% 

9 27% 

12 27% 

13 40% 

51 41% 

23 44% 

23 44% 

5 24% 

43 16% 

36 24% 

330 29% 

194 30% 

48 28% 

22 28% 

26 28% 

12 24% 

10 32% 

84 32% 

3 16% 

3 24% 

4 28% 

4 28% 
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21 

69 

133 

98 

41 

57 

44 

1n 

75 

75 

26 

313 

187 

1,471 

839 

218 

100 

118 

59 

40 

348 

19 

14 

20 

20 
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CENTRAL TRACKER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/25/93 

WBS Code Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

10.03.1.2.1.9 

10.03.1.2.1.10 

10.03.1.2.1.11 

10.03.1.2.2 

10.03.1.2.2.1 

10.03.1.2.2.2 

10.03.1.2.2.3 

10.03.1.2.3 

10.03.1.2.4 

10.03.2 

10.03.2.1 

10.03.2.2 

10.03.2.3 

10.03.2.4 

10.03.2.5 

10.03.2.5.1 

10.03.2.5.2 

10.03.2.5.3 

10.03.2.6 

10.03.2.7 

10.03.3 

10.03.4 

10.03.5 

10.03.6 

10.04 

CONTINUOUS CATHODE PLANE 

END PLATES 

ALIGNMENT PINS, ETC. 

·ELECTRICAL 

HIGH VOLTAGE DISTRIBUTION 

LOW VOLTAGE DISTRIBUTION 

ELECTRICAL ASSY. AND INTERFACE 

MODULE SUB-ASSEMBLY 

SUB-ASSEMBLY TOOLING AND AXTURES 

-STS / IPC SUPPORT STRUCTURE 

BULKHEADS 

INNER CYLINDER 

OUTER CYLINDER 

END CAP SUPPORT STRUCTURE 

·KINEMATIC MOUNTS I ATTACHMENTS 

MOUNTS - IPC ENDCAPS TO BARREL 

MOUNTS - BARREL TO CALORIMETER 

MOUNTS· STS TO IPC 

POL YETHEL YNE SHIELD 

STS / IPC SUPPORT STRUCTURE ASSEMBLY 

IPC COOLING DISTRIBUTION SYSTEM 

IPC GAS SYSTEM 

IPC ALIGNMENT SYSTEMS 

IPC SHIPPING 

RESERVED 

l~ DETECTOR PROJECT 

06 

06 

06 

05 

06 

06 

06 

05 

05 

03 

04 

04 

04 

04 

04 

05 

05 

05 

04 

04 

03 

03 

03 

03 

02 

29 

7 

15 

69 

29 

29 

12 

24 

67 

696 

95 

46 

125 

327 

50 

20 

15 

15 

53 

313 

72 

208 

57 

0 

1n 

1n 

89 

443 

1n 

1n 

89 

10,712 

1,063 

11,536 

2,428 

2,215 

2,250 

2,304 

1,063 

354 

354 

354 

567 

709 

2,304 

2,481 

1,063 

1,046 

0 

9 

9 

5 

23 

9 

9 

5 

2n 

37 

614 

132 

123 

121 

118 

65 

22 

22 

22 

29 

25 

120 

125 

56 

55 

0 

38 

17 

19 

92 

38 

38 

17 

301 

103 

1,310 

227 

169 

246 

445 

115 

42 

37 

36 

82 

26 

433 

196 

264 

113 

0 

12 32% 

7 42% 

8 40% 

39 43% 

17 44% 

17 44% 

6 36% 

72 24% 

25 24% 

399 31% 

73 32% 

54 32% 

79 32% 

143 32% 

37 32% 

13 32% 

12 32% 

12 32% 

7 8% 

8 31% 

56 13% 

47 24% 

105 40% 

27 24% 

0 0% 
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51 

24 

27 

131 

54 

54 

22 

373 

128 

1,710 

299 

223 

324 

588 

152 

55 

49 

48 

89 

35 

489 

244 

369 

140 

0 
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GEM COST ESTIMATE SUMMARY 4/25193 

CENTRAL TRACKER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

10.05 RESERVED 02 0 0 0 0 0 0% 0 

10.06 -STS / IPC ASSEMBLY ( uphole) 02 455 29,840 1,108 1,563 444 28% 2,007 

10.06.1 -STS ASSEMBLY AND CHECK 03 212 12,355 484 696 209 30% 905 

10.06.1.1 CENTRAL REGION ASSEMBLY It CHECK 04 47 1,594 73 120 36 30% 157 

10.06.1.2 FORWARD REGION ASSEMBLY It CHECK 04 51 2,287 106 157 47 30% 204 

10.06.1.3 SPACE FRAME ASSEMBLY It CHECK 04 70 2,411 111 181 54 30% 235 

10.06.1.4 GAS ENCLOSURE ASSEMBLY It CHECK 04 44 6,063 195 239 72 30% 310 

10.06.2 -IPC ASSEMBLY AND CHECK 03 7 10,716 350 357 111 31% 468 

10.06.2.1 -BARREL PAD TRACKER ASSEMBLY AND CHECK 04 3 5,595 164 167 52 31% 218 

10.06.2.1.1 BARREL MODULE DOUBLET INSTALL INTO S.S. 05 1 2,999 96 97 30 31% 126 

10.06.2.1.2 BARREL MODULE GAS CONNECTION 05 1 266 10 11 3 31% 14 

10.06.2.1.3 BARREL MODULE HV (anode) CONNECTIONS 05 1 266 10 11 3 31% 14 

10.06.2.1.4 BARREL MODULE LY (electronics) CONNECTIO 05 1 1,799 38 38 12 31% so 
10.06.2.1.5 BARREL MODULE LY (slgnal) CONNECTION 05 1 266 10 11 3 31% 14 

10.06.2.2 -ENDCAP PAD TRACKER ASSEMBLY 04 5 5,121 186 191 59 31% 250 

10.06.2.2.1 ENDCAP MODULE CAN ASSEMBLY 05 1 354 15 16 5 31% 21 

10.06.2.2.2 ENDCAP MODULES SUB-ASSY. INTO ENDCAP CAN 05 1 2,304 105 106 33 31% 139 

10.06.2.2.3 ENDCAP MODULE GAS CONNECTIONS 05 1 266 10 11 3 31% 14 

10.06.2.2.4 ENDCAP MODULE HV (anode) CONNECTIONS 05 1 266 10 11 3 31% 14 

10.06.2.2.5 ENDCAP MODULE LV (electronlcs) CONNECTIO 05 1 1,666 35 36 11 31% 48 

10.06.2.2.6 ENDCAP MODULE LV (signal) CONNECTIONS 05 1 266 10 11 3 31% 15 

10.06.3 STS /IPC INTEGRATION 03 95 4,102 143 237 64 27% 301 

10.06.4 CALIBRATION AND BEAM TESTS 03 141 2,667 132 273 60 22% 333 

10.07 -INSTALLATION AND FINAL TEST (downhole) 02 115 7,611 340 455 164 36% 619 

10.07.1 DETECTOR INSTALLATION 03 105 6,867 299 404 145 36% 549 

~e~ DETECTOR PROJECT Page 6 



GEM COST ESTIMATE SUMMARY 4/25/93 

CENTRAL TRACKER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

10.07.2 SAFETY SYSTEMS TEST AND VERIACATION 03 0 354 21 21 8 36% 29 

10.07.3 ANAL ALIGNMENT CHECK 03 10 390 20 30 11 36% 41 

10.08 ·PROJECT MANAGEMENT 02 68 15,710 984 1,052 400 38% 1,452 

10.08.1 ·STS TRACKER MGT. 03 52 4,465 327 379 144 38% 524 

10.08.1.1 STS SUBSYSTEM MANAGEMENT AND ADMIN. 04 13 1,116 82 95 36 38% 131 

10.08.1.2 STS RESOURCE MANAGEMENT 04 13 1,116 82 95 36 38% 131 

10.08.1.3 STS E, S & H COMPLIANCE CONTROLS 04 13 1,116 82 95 36 38% 131 

10.08.1.4 STS QUALITY ASSURANCE 04 13 1,116 82 95 36 38% 131 

10.08.2 ·IPC TRACKER MGT. 03 16 5,387 313 328 125 38% 453 

10.08.2.1 IPC SUBSYSTEM MANAGEMENT AND ADMIN. 04 4 1,347 78 82 31 38% 113 

10.08.2.2 IPC RESOURCE MANAGEMENT 04 4 1,347 78 82 31 38% 113 

10.08.2.3 IPC E, S & H COMPLIANCE CONTROLS 04 4 1,347 78 82 31 38% 113 

10.08.2.4 IPC QUALITY ASSURANCE 04 4 1,347 78 82 31 38% 113 

10.08.3 SUBSYSTEM INTEGRATION MGT. 03 0 5,857 345 345 131 38% 475 

10.09 -CONCEPTUAUPRELIMINARY DESIGN 02 96 4,111 343 439 0 0% 439 

10.09.1 -SILICON TRACKER SYSTEM CIPD 03 83 2,835 208 291 0 0% 291 

10.09.1.1 SILICON DETECTOR 04 10 0 0 10 0 0% 10 

10.09.1.2-8 OTHER STS MECHANICAL 04 73 2,835 208 280 0 0% 280 

10.09.2 ·IPC TRACKER CIPD 03 13 1,276 94 106 0 0% 106 

10.09.2.1 IPC MECHANICAL 04 13 1,276 94 106 0 0% 106 

10.09.3 RESERVED 03 0 0 0 0 0 0% 0 

10.09.4 RESERVED 03 0 0 0 0 0 0% 0 

10.09.S BEAM TESTS CIPD 03 0 0 42 42 0 0% 42 

~ DETECTOR PROJECT Page 7 
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Report: GEM FY r 

WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 

10.06.2 
10.06.3 
10.06.4 
10.07.1 
10.07.2 
10.07.3 
10.08.1 
10.08.2 
10.08.3 
10.09.1 
10.09.2 
10.09.5 

I 

( ( 

GEM DETECTOR 
WBS 10 - CENTRAL TRACKER 

I FY91 I FY92 l FY93_, FY9-~J FY95 I FY~_:J_:Y_9_j~v:e I FY99 I FYOO I FY01 I 
$ 468,190 I ~PC ASSEMBLY AND CHECK 

$ 300,983 []STS/IPC INTEGRATION 
$ 3 3 2, 5 4 7 [J::ALIBRATION AND BEAM TESTS 

$ 549,063 I PETECTOR INSTALLATION 

I Date: 27APR93 
Project: TRACKER 

$ 2 8, 8 51 QsAFETY SYSTEMS TEST & VERIFICATIO 
$ 4 0, 6 9 8 []FINAL ALIGNMENT CHECK 

,------ --- ----- ==sTs TRACKER MANAGEMENT 

~~~~~~~~~~~~~~~~~~~ 
PC TRACKER MANAGEMENT 

$ 523,611 
$ 453,022 
$ 475,360 '--~~~~~~~~~~~~~~~~~~~UBSYSTEM INTEGRATION MANAGEMENT 

I SILICON TRACKER SYSTEM C/PD 
I ~PC TRACKER C/PD 

$ 42,090 D 
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Calorimeter Parameters Table 

EM Hadron le Hadron le Total 

Absorber 
Barrel Pb/SS Pb NIA 
Endcap Cu/SS Cu QJ ' 

Absorber Plate Thickness (mm) 1.3/.4mmE/C Smm 16mm 
1mm barrel 

Cell Thickness (mm) 6.3mm E/C 95.04mm 151.04mm 
6mm barrel 

Segmentation 
Barrel .026x.026 .00x.00 
Endcap .026x.026 .04x.16 .04x.16 

.052x.052 .08x.16 .08x.16 
1.04x.104 .08x.08 .08x.08 

No. ol Channels 116,081 11,006 2,904 129,991 

Barrel Endc~gs 

Weight (Mg) N/A 433 381 (each) 1, 195 
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Calorimeter Module Parameters Table 

Plates Quantity Weight Module 

Barrel EM Accordian Projective 40 1.58 MT 24 

Barrel Fine Hadronic z 80 2.26 MT' 30 

Barrel Fine Hadronic z 80 2.03 MT 24 

End EM Accordian Projective 2 22.00 MT 200 

End Fine Hadronic Vertical 40 1.95 MT 30 

End Fine Hadronic Vertical 40 2.35 MT 36 

End Fine Hadronic Vertical 80 1.95 MT 72 

End Fine Hadronic Vertical 80 1.33 MT 42 

End Fine Hadronic Vertical 40 2.25 MT 36 

• 
End Fine Hadronic Vertical 80 0.85 MT 30 
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GEM COST ESTIMATE SUMMARY 4/26/93 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20 -CALORIMETER 01 68,570 1,012,430 37,976 106,546 28,870 27% 135,415 

20.01 -RESEARCH & DEVELOPMENT 02 4,634 69,375 2,092 6,726 1,883 28% 8,609 

20.01.1 RESEARCH & DEVELOPMENT 03 4,634 69,375 2,092 6,726 1,883 28% 8,609 

20.02 ·INNER BARREL CALORIMETRY 02 13,586 168,510 5,890 19,476 5,412 28% 24,888 

20.02.1 ASSEMBLY (ON-SITE) 03 1,859 49,945 1,521 3,380 811 24% 4,191 

20.02.2 -EM MODULE 03 5,680 42,122 1,465 7,145 2,273 32% 9,418 

20.02.2.1 ASSEMBLY 04 1,189 7,714 311 1,500 375 25% 1,875 

20.02.2.2 ABSORBER 04 120 12,040 404 524 178 34% 702 

20.02.2.3 SIGNAL ELECTRODE 04 3,162 8,528 286 3,448 1,172 34% 4,621 

20.02.2.4 MOTHER BOARD 04 659 0 0 659 237 36% 897 

20.02.2.5 CONNECTIONS 04 330 0 0 330 119 36% 448 

20.02.2.6 STRUCTURE 04 220 13,840 464 684 192 28% 875 

20.02.3 -HADRONIC SECTIONS 03 3,870 40,141 1,411 5,281 1,233 23% 6,513 

20.02.3.1 ASSEMBLY 04 647 0 0 647 168 26% 815 

20.02.3.2 -INNER 04 1,667 24,310 859 2,525 579 23% 3,104 

20.02.3.2.1 ASSEMBLY 05 10 6,782 271 281 62 22% 342 

20.02.3.2.2 ABSORBER PLATES 05 430 11,384 382 811 179 22% 990 

20.02.3.2.3 GROUND PLATES 05 78 1,584 53 132 29 22% 161 

20.02.3.2.4 SIGNAL ELECTRODES 05 889 1,912 64 953 210 22% 1,162 

20.02.3.2.5 MOTHER BOARD 05 21 0 0 21 8 36% 29 

20.02.3.2.6 CONNECTIONS 05 12 0 0 12 4 36% 16 

20.02.3.2.7 STRUCTURES 05 227 2,648 89 316 89 28% 405 

20.02.3.3 -OUTER 04 1,557 15,831 553 2,109 485 23% 2,594 

20.02.3.3.1 ASSEMBLY 05 5 4,575 175 180 40 22% 220 

20.02.3.3.2 ABSORBER PLATES 05 461 6,352 213 674 148 22% 822 

~ DETECTOR PROJECT Page 



GEM COST ESTIMATE SUMMARY 4/26/93 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.02.3.3.3 GROUND PLATES 05 85 1,192 40 125 27 22% 152 

20.02.3.3.4 SIGNAL ELECTRODES 05 775 1,064 36 811 178 22% 989 

20.02.3.3.5 MOTHER BOARD 05 17 0 0 17 6 36% 23 

20.02.3.3.6 CONNECTIONS 05 9 0 0 9 3 36% 13 

20.02.3.3.7 STRUCTURES 05 205 2,648 89 294 82 28% 376 

20.02.4 -CRYOSTAT 03 2,177 36,302 1,493 3,670 1,096 30% 4,766 

20.02.4.1 ENGINEERING/DESIGN 04 4 1,008 50 53 14 26% 67 

20.02.4.2 KRYPTON VESSEL 04 827 17,805 742 1,568 376 24% 1,945 

20.02.4.3 VACUUM VESSEL 04 43 8,130 331 373 86 23% 459 

20.02.4.4 LKR VESSEL COLD MASS SUPPORTS 04 44 754 37 81 21 26% 101 

20.02.4.5 RAIL SUPPORT BEAM 04 40 547 23 63 16 26% 79 

20.02.4.6 FEEDTHROUGHS 04 1,221 8,057 311 1,532 582 38% 2,114 

20.03 -SCINTILLATING BARREL CALORIMETRY 02 8,731 120,758 5,159 13,889 4,128 30% 18,017 

20.03.1 -SUBSYSTEM ASSEMBLY 03 748 12,266 526 1,273 449 35% 1,723 

20.03.1.1 -ASSEMBLY LABOR 04 10 8,769 322 332 103 31% 435 

20.03.1.1.1 MODULE INSTALLATION 05 3 4,008 139 143 44 31% 187 

20.03.1.1.2 READOUT INSTALLATION 05 2 1,647 63 65 20 31% 85 

20.03.1.1.3 OUTER BARREL PASSIVE ABSORBER 05 2 2,067 75 77 24 31% 101 

20.03.1.1.4 NOBLE LIQUID INSTALL RAILS 05 2 1,047 45 47 15 31% 62 

20.03.1.2 -ASSEMBLY EQUIPMENT 04 738 3,498 204 941 346 37% 1,288 

20.03.1.2.1 ASSEMBLY STAND 05 271 2,234 137 408 172 42% 580 

20.03.1.2.2 PLATE HANDLING FIXTURING 05 10 93 3 13 6 42% 19 

20.03.1.2.3 MODULE HANDLING FIXTURING 05 104 93 3 107 26 24% 132 

20.03.1.2.4 PERSONNEL PLATFORMS 05 27 270 15 42 10 24% 52 

20.03.1.2.5 -GENERAL USE EQUIPMENT 05 325 809 46 371 134 36% 504 

~ DETECTOR PROJECT Page 2 
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CALORIMETER SUBSYSTEM 

• • ( 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

• 

4/26/93 

WBSCode Description WBS Level Material, ki _ ManHours Lal>or, k$ M + L, k$ _ Contingency, k$ ~. .IOTAL,k$ 

20.03.1.2.5.1 

20.03.1.2.5.2 

20.03.1.2.5.3 

20.03.1.2.5.4 

20.03.1.2.5.S 

20.03.1.2.5.6 

20.03.1.2.5. 7 

20.03.2 

20.03.2.1 

20.03.2.1.1 

20.03.2.1.2 

20.03.2.1.3 

20.03.2.2 

20.03.2.2.1 

20.03.2.2.1.1 

20.03.2.2.1.2 

20.03.2.2.1.2.1 

20.03.2.2.1.2.2 

20.03.2.2.2 

20.03.2.2.2.1 

20.03.2.2.2.2 

20.03.2.2.3 

20.03.2.2.3.1 

20.03.2.2.3.2 

20.03.2.2.4 

DIMENSIONAL INSPECTION 

FIBER END FINISHING MACH. 

TOOLS 

CLEANING SUPPLIES 

TEMPORARY USE ITEMS 

FORK TRUCK RENTAL 

HAND. CARTS (10-100 T) 

-SUPPORT TUBES 

-SUPPORT TUBE ASSEMBLY 

CENTER FLANGE/TUBE 

END FLANGE/TUBE 

CDS ATTACH/TUBE 

-COMPONENTS 

-OUTER TUBE 

ASSEMBLY 

·PLATE 

MATERIAL 

PLATE MANUFACTURE 

-END FLANGE 

FABRICATION 

MATERIAL 

-CENTER FLANGE 

FABRICATION 

MATERIAL 

-CDS ATTACHMENT 

~ DETECTOR PROJECT 

06 

06 

06 

06 

06 

06 

06 

03 

04 

05 

05 

05 

04 

05 

06 

06 

07 

07 

05 

06 

06 

05 

06 

06 

05 

53 

12 

53 

26 

26 

78 

78 

795 

3 

792 

547 

11 

535 

530 

6 

53 

3 

50 

55 

3 

52 

138 

270 

270 

270 

0 

0 

0 

0 

26,859 

4,937 

1,614 

1,614 

1,710 

21,922 

12,283 

7,413 

4,870 

1,865 

3,006 

1,610 

1,433 

1n 

1,n8 

1,601 

1n 

6,250 

15 

15 

15 

0 

0 

0 

0 

1,109 

167 

55 

55 

57 

943 

538 

289 

250 

126 

124 

72 

60 

12 

n 
65 

12 

255 

68 

27 

68 

26 

26 

78 

78 

1,904 

170 

56 

56 

59 

1,734 

1,085 

300 

785 

655 

130 

125 

63 

62 

132 

68 

64 

392 

25 36% 

10 36% 

25 36% 

9 36% 

9 36% 

28 36% 

28 36% 

543 29% 

63 37% 

21 37% 

21 37% 

22 37% 

480 28% 

297 27% 

111 37% 

186 24% 

138 21% 

48 37% 

36 29% 

23 37% 

13 21% 

39 29% 

25 37% 

14 21% 

108 28% 

Page 3 

93 

36 

93 

35 

35 

106 

106 

2,447 

233 

76 

76 

80 

2,214 

1,382 

411 

971 

793 

178 

161 

86 

75 

171 

93 

78 

501 



CALORIMETER SUBSYSTEM 

• 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

( 

4/26193 

WBSCode Description WBS Leye_I _Material, kj_ Manliours Labor, l!t___M + L, k$ Contingency, k$ % TOTAL, k$ 

20.03.2.2.4.1 

20.03.2.2.4.2 

20.03.3 

20.03.3.1 

20.03.3.1.1 

20.03.3.1.2 

20.03.3.1.2.1 

20.03.3.1.2.2 

20.03.3.1.2.3 

20.03.3.2 

20.03.3.2.1 

20.03.3.2.1.1 

20.03.3.2.1.2 

20.03.3.2.2 

20.03.3.2.2.1 

20.03.3.2.2.2 

20.03.3.2.2.3 

20.03.3.2.2.3.1 

20.03.3.2.2.3.2 

20.03.3.2.2.4 

20.03.3.2.2.5 

20.03.3.2.3 

20.03.3.2.3.1 

20.03.3.2.3.2 

20.03.3.2.3.3 

FABRICATION 

MATERIAL 

·MODULES 

·MODULE ASSEMBLY 

ASSEMBLY LABOR 

·ASSEMBLY EQUIPMENT 

MODULE ASSEMBLY STAND 

PLATE HANDLING FIXTURING 

MODULE HANDLING FIXTURING 

-COMPONENTS 

·ABSORBER PLATES 

FABRICATION 

MATERIAL 

·SCINTILLA TOR 

WLS FIBERS 

TRANSMISSION FIBERS 

·TILES 

MANUFACTURE 

MATERIAL 

ALUMINIZED MYLAR 

JOINT GLUE 

-MODULE COMPONENTS 

FASTENERS 

BANDING STRAPS 

SIDE PLATES 

~ DETECTOR PROJECT 

06 

06 

03 

04 

05 

05 

06 

06 

06 

04 

05 

06 

06 

05 

06 

06 

06 

07 

07 

06 

06 

05 

06 

06 

06 

3 

135 

5,182 

75 

3 

72 

37 

13 

22 

5,107 

3,472 

11 

3,461 

1,569 

44 

421 

1,054 

11 

1,043 

37 

13 

66 

7 

7 

35 

4,829 

1,422 

37,312 

11,476 

6,842 

4,634 

2,234 

536 

1,865 

25,836 

10,382 

8,868 

1,514 

13,043 

447 

447 

11,255 

9,391 

1,865 

447 

447 

2,412 

624 

624 

624 

160 

95 

1,677 

515 

219 

297 

137 

34 

126 

1,162 

430 

332 

98 

582 

28 

28 

473 

347 

126 

28 

28 

150 

40 

40 

40 

162 

230 

6,859 

591 

221 

369 

175 

47 

148 

6,269 

3,902 

343 

3,559 

2,151 

72 

448 

1,527 

358 

1,169 

64 

40 

215 

47 

47 

75 

60 37% 

48 21% 

2,088 31% 

182 31% 

53 24% 

129 35% 

73 42% 

20 42% 

35 24% 

1,907 30% 

874 22% 

127 37% 

747 21% 

966 45% 

26 36% 

161 36% 

741 49% 

215 60% 

526 45% 

23 36% 

15 36% 

67 31% 

15 31% 

15 31% 

23 31% 
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223 

278 

8,948 

772 

275 

498 

248 

67 

183 

8,176 

4,777 

470 

4,306 

3,117 

98 

610 

2,268 

573 

1,695 

87 

55 

282 

61 

61 

98 



GEM COST ESTIMATE SUMMARY 4/26/93 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.03.3.2.3.4 SPACERS 06 8 270 15 23 7 31% 30 

20.03.3.2.3.5 PROTECTIVE ALM 06 9 270 15 24 8 31% 32 

20.03.4 -READOUT 03 1,120 37,512 1,551 2,672 756 28% 3,427 

20.03.4.1 ASSEMBLY 04 6 16,307 519 524 163 31% 687 

20.03.4.2 -COMPONENTS 04 1,115 21,205 1,033 2,147 593 28% 2,740 

20.03.4.2.1 -PMT ASSEMBLIES 05 811 7,486 352 1,163 256 22% 1,419 

20.03.4.2.1.1 ASSEMBLY 06 6 4,231 160 165 36 22% 202 

20.03.4.2.1.2 -COMPONENTS 06 805 3,255 192 998 220 22% 1,217 

20.03.4.2.1.2.1 PHOTOMULTIPLIER TUBES 07 753 1,067 54 806 177 22% 984 

20.03.4.2.1.2.2 INDIVIDUAL PMT STRUCTURE 07 36 1,094 69 105 23 22% 128 

20.03.4.2.1.2.3 PMT GROUP FRAMING 07 17 1,094 69 86 19 22% 105 

20.03.4.2.2 -ELECTRONICS 05 86 5,906 308 394 132 34% 526 

20.03.4.2.2.1 ASSEMBLY 06 6 2,786 126 131 47 36% 179 

20.03.4.2.2.2 -COMPONENTS 06 80 3,120 182 262 85 32% 347 

20.03.4.2.2.2.1 LOCAL ELECTRONICS 07 39 1,510 85 124 45 36% 168 

20.03.4.2.2.2.2 BASE 07 19 539 30 49 14 29% 64 

20.03.4.2.2.2.3 CABLING/CONNECTORS 07 22 1,071 67 90 26 29% 116 

20.03.4.2.2.2.4 THERMAL CONTROL (RESERVED) 07 0 0 0 0 0 0% 0 

20.03.4.2.3 -CALIBRATION 05 218 7,813 373 591 205 35% 796 

20.03.4.2.3.1 ASSEMBLY 06 0 3,899 115 115 36 31% 151 

20.03.4.2.3.2 -COMPONENTS 06 218 3,914 258 476 170 36% 645 

20.03.4.2.3.2.1 DRIVE ASSEMBLY 07 120 1,957 129 249 97 39% 346 

20.03.4.2.3.2.2 ELECTRONICS 07 98 1,957 129 226 72 32% 299 

20.03.5 -OUTER BARREL PASSIVE ABSORBER 03 823 4,487 189 1,012 255 25% 1,267 

20.03.5.1 MANUFACTURE 04 7 3,948 159 166 51 31% 217 

~ DETECTOR PROJECT Page 5 
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GEM COST ESTIMATE SUMMARY 4/26/93 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

20.03.5.2 ABSORBER MATERIAL 04 816 539 30 847 203 24% 1,050 

20.03.6 -NOBLE LIQUID INSTALL RAILS 03 62 2,323 106 169 37 22% 206 

20.03.6.1 MANUFACTURE 04 4 1,783 76 80 25 31% 105 

20.03.6.2 MATERIAL 04 59 539 30 89 12 14% 101 

20.04 -ENDCAP CALORIMETRY 02 15,447 320,285 11,961 27,408 7,642 28% 35,050 

20.04.1 ASSEMBLY {ON-SITE) 03 1,001 140,042 5,110 6,111 1,467 24% 7,578 

20.04.2 -EM SECTION 03 4,848 34,752 1,245 6,093 2,401 39% 8,493 

20.04.2.1 ASSEMBLY 04 256 8,480 364 620 161 26% 781 

20.04.2.2 ABSORBER 04 73 9,304 312 385 162 42% 546 

20.04.2.3 SIGNAL ELECTRODE 04 3,952 6,584 221 4,173 1,753 42% 5,925 

20.04.2.4 MOTHER BOARD 04 273 0 0 273 109 40% 382 

20.04.2.5 CONNECTIONS 04 137 0 0 137 55 40% 191 

20.04.2.6 STRUCTURE 04 157 10,384 348 506 162 32% 667 

20.04.3 -HADRONIC SECTIONS 03 7,212 74,544 2,651 9,864 2,312 23% 12,175 

20.04.3.1 ASSEMBLY 04 1,068 0 0 1,068 278 26% 1,345 

20.04.3.2 -INNER A 04 799 11,Q70 415 1,213 282 23% 1,495 

20.04.3.2.1 ASSEMBLY 05 10 3,326 155 164 36 22% 201 

20.04.3.2.2 ABSORBER PLATES 05 171 3,952 133 304 67 22% 371 

20.04.3.2.3 GROUND PLATES 05 158 1,584 53 212 47 22% 258 

20.04.3.2.4 SIGNAL ELECTRODES 05 311 872 29 340 75 22% 415 

20.04.3.2.5 MOTHER BOARD 05 28 0 0 28 10 36% 38 

20.04.3.2.6 CONNECTIONS 05 16 0 0 16 6 36% 21 

20.04.3.2.7 STRUCTURES 05 105 1,336 45 150 42 28% 192 

20.04.3.3 -INNER B 04 817 8,983 323 1,140 267 24% 1,407 

20.04.3.3.1 ASSEMBLY 05 5 1,927 86 91 20 22% 111 

~ DETECTOR PROJECT Page 6 



CALORIMETER SUBSYSTEM 

f 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

• 

4/26/93 

WBSCode Description WBS Level Material, k$ ManHQj.lrs Labor, k$ M + L, k$ ~nt!ngency, k$ % TOTAL, k$ 

20.04.3.3.2 

20.04.3.3.3 

20.04.3.3.4 

20.04.3.3.5 

20.04.3.3.6 

20.04.3.3.7 

20.04.3.4 

20.04.3.4.1 

20.04.3.4.2 

20.04.3.4.3 

20.04.3.4.4 

20.04.3.4.5 

20.04.3.4.6 

20.04.3.4.7 

20.04.3.5 

20.04.3.5.1 

20.04.3.5.2 

20.04.3.5.3 

20.04.3.5.4 

20.04.3.5.5 

20.04.3.5.6 

20.04.3.5.7 

20.04.3.6 

20.04.3.6.1 

20.04.3.6.2 

ABSORBER PLATES 

GROUND PLATES 

SIGNAL ELECTRODES 

MOTHER BOARD 

CONNECTIONS 

STRUCTURES 

-INNERC 

ASSEMBLY 

ABSORBER PLATES 

GROUND PLATES 

SIGNAL ELECTRODES 

MOTHER BOARD 

CONNECTIONS 

STRUCTURES 

-OUTER A 

ASSEMBLY 

ABSORBER PLATES 

GROUND PLATES 

SIGNAL ELECTRODES 

MOTHER BOARD 

CONNECTIONS 

STRUCTURES 

-OUTERS 

ASSEMBLY 

ABSORBER PLATES 
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05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

171 

158 

311 

29 

16 

126 

704 

5 

146 

133 

260 

11 

6 

143 

1,407 

5 

295 

270 

624 

9 

5 

200 

1,949 

5 

458 

3,360 

1,584 

n6 

0 

0 

1,336 

9,471 

1,871 

4,016 

1,384 

864 

0 

0 

1,336 

16,247 

2,735 

5,464 

3,952 

1,448 

0 

0 

2,648 

19,023 

3,655 

4,360 

113 

53 

26 

0 

0 

45 

339 

85 

135 

46 

29 

0 

0 

45 

566 

113 

183 

133 

49 

0 

0 

89 

660 

144 

146 

284 

212 

337 

29 

16 

171 

1,044 

89 

280 

179 

289 

11 

6 

188 

1,974 

118 

479 

402 

672 

9 

5 

289 

2,608 

149 

604 

63 22% 

47 22% 

74 22% 

10 36% 

6 36% 

48 28% 

243 23% 

20 22% 

62 22% 

39 22% 

64 22% 

4 36% 

2 36% 

53 28% 

453 23% 

26 22% 

105 22% 

89 22% 

148 22% 

3 36% 

2 36% 

81 28% 

596 23% 

33 22% 

133 22% 
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346 

258 

411 

39 

22 

219 

1,287 

109 

342 

219 

353 

16 

9 

241 

2,427 

144 

584 

491 

820 

12 

7 

370 

3,204 

182 

737 



CALORIMETER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

( 

4/26193 

WBSCode Description __ _ WB$ Level Material, k$ ManHours _Labor, k$ M + L, k$ Contingency, k$ % TOTAL,_k$ 

20.04.3.6.3 

20.04.3.6.4 

20.04.3.6.5 

20.04.3.6.6 

20.04.3.6.7 

20.04.3.7 

20.04.3.7.1 

20.04.3.7.2 

20.04.3.7.3 

20.04.3.7.4 

20.04.3.7.5 

20.04.3.7.6 

20.04.3.7.7 

20.04.4 

20.04.4.1 

20.04.4.1.1 

20.04.4.1.2 

20.04.4.1.2.1 

20.04.4.1.3 

20.04.4.1.3.1 

20.04.4.1.3.2 

20.04.4.1.3.3 

20.04.4.1.3.4 

20.04.4.2 

20.04.4.2.1 

GROUND PLATES 

SIGNAL ELECTRODES 

MOTHER BOARD 

CONNECTIONS 

STRUCTURES 

-OUTERC 

ASSEMBLY 

ABSORBER PLATES 

GROUND PLATES 

SIGNAL ELECTRODES 

MOTHER BOARD 

CONNECTIONS 

STRUCTURES 

-FORWARD ELECTROMAGNETIC SECTION 

·MAIN BODY ASSEMBLY 

LABOR 

·MATERIAL 

BRASS ABSORBER PLATES 

·ASSEMBLY EQUIPMENT 

ASSEMBLY STAND 

CLEANING 

TOOLS 

TEMPORARY USE ITEMS 

·TUBE & ROD ASSEMBLY 

LABOR 

~ DETECTOR PROJECT 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

03 

04 

05 

05 

06 

05 

06 

06 

06 

06 

04 

05 

415 

838 

22 

12 

198 

469 

5 

137 

124 

106 

8 

4 

85 

244 

123 

0 

106 

106 

17 

7 

4 

2 

3 

82 

0 

6,720 

1,640 

0 

0 

2,648 

9,751 

2,063 

2,392 

1,976 

672 

0 

0 

2,648 

5,440 

921 

142 

319 

319 

461 

248 

142 

35 

35 

1,737 

886 

225 

55 

0 

0 

89 

349 

91 

80 

66 

23 

0 

0 

89 

439 

74 

11 

26 

26 

37 

20 

11 

3 

3 

132 

63 

641 

893 

22 

12 

287 

818 

96 

217 

190 

129 

8 

4 

174 

683 

197 

11 

132 

132 

54 

28 

15 

5 

6 

214 

63 

141 22% 

196 22% 

8 36% 

4 36% 

80 28% 

192 24% 

21 22% 

48 22% 

42 22% 

28 22% 

3 36% 

2 36% 

49 28% 

198 29% 

57 29% 

3 29% 

38 29% 

38 29% 

16 29% 

8 29% 

4 29% 

2 29% 

2 29% 

62 29% 

18 29% 
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782 

1,089 

31 

17 

367 

1,010 

117 

265 

232 

157 

11 

6 

223 

881 

254 

14 

171 

171 

70 

36 

20 

7 

8 

276 

81 



4 

CALORIMETER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Material, k$ ManH21..1rs Labor, k$ _l\ll_+_l.,_~$ ~11tin~k$ % TOTAL, k$ 

20.04.4.2.2 

20.04.4.2.2.1 

20.04.4.2.2.2 

20.04.4.2.2.3 

20.04.4.2.2.4 

20.04.4.2.2.5 

20.04.4.2.3 

20.04.4.2.3.1 

20.04.4.2.3.2 

20.04.4.2.3.3 

20.04.4.2.3.4 

20.04.4.3 

20.04.4.3.1 

20.04.4.3.2 

20.04.4.3.2.1 

20.04.4.3.2.2 

20.04.4.3.3 

20.04.4.3.3.1 

20.04.4.3.3.2 

20.04.4.3.3.3 

20.04.4.4 

20.04.4.4.1 

20.04.4.4.2 

20.04.4.4.2.1 

20.04.4.4.2.2 

-MATERIAL 

CONTACT SPRINGS 

BRASS TUBES 

QUARTZ ABER SPACERS 

BRASS RODS 

PLUGS 

·ASSEMBLY EQUIPMENT 

ASSEMBLY STAND 

CLEANING 

TOOLS 

TEMPORARY USE ITEMS 

-ELECTRICAL ASSEMBLY 

RESERVED 

·MATERIAL 

CABLES 

INTERCONNECT BOARD 

·ASSEMBLY EQUIPMENT 

CLEANING 

TOOLS 

TEMPORARY USE ITEMS 

-ELECTRONICS 

RESERVED 

-MATERIAL 

PREAMPS 

CARD CAGES 

~ DETECTOR PROJECT 

05 

06 

06 

06 

06 

06 

05 

06 

06 

06 

06 

04 

05 

05 

06 

06 

05 

06 

06 

06 

04 

05 

05 

06 

06 

67 

16 

11 

5 

26 

8 

16 

6 

4 

2 

3 

15 

0 

8 

6 

2 

6 

2 

3 

25 

0 

19 

15 

461 

106 

71 

106 

71 

106 

390 

1n 

142 

35 

35 

709 

0 

638 

248 

390 

71 

0 

35 

35 

2,073 

0 

2,002 

851 

248 

38 

9 

6 

9 

6 

9 

31 

15 

11 

3 

3 

59 

0 

53 

21 

33 

6 

0 

3 

3 

174 

0 

168 

71 

21 

104 

24 

17 

14 

32 

17 

47 

21 

15 

5 

6 

74 

0 

62 

27 

35 

12 

5 

6 

198 

0 

186 

86 

22 

30 29% 

7 29% 

5 29% 

4 29% 

9 29% 

5 29% 

14 29% 

6 29% 

4 29% 

2 29% 

2 29% 

21 29% 

0 0% 

18 29% 

8 29% 

10 29% 

4 29% 

0 29% 

2 29% 

2 29% 

58 29% 

0 0% 

54 29% 

25 29% 

6 29% 
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134 

31 

22 

18 

41 

22 

60 

27 

19 

7 

8 

95 

0 

80 

35 

45 

16 

1 

7 

8 

256 

0 

240 

111 

28 



GEM COST ESTIMATE SUMMARY 4/26193 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

20.04.4.4.2.3 CABLES 06 2 177 15 17 5 29% 22 

20.04.4.4.2.4 CALIBRATION SYSTEM 06 1 727 61 62 18 29% 80 

20.04.4.4.3 -ASSEMBLY EQUIPMENT 05 6 71 6 12 4 29% 16 

20.04.4.4.3.1 CLEANING 06 1 0 0 1 0 29% 

20.04.4.4.3.2 TOOLS 06 2 35 3 5 2 29% 7 

20.04.4.4.3.3 TEMPORARY USE ITEMS 06 3 35 3 6 2 29% 8 

20.04.5 -CRYOSTAT 03 2,142 65,506 2,516 4,658 1,265 27% 5,923 

20.04.5.1 ENGINEERING/DESIGN 04 1 405 20 21 6 26% 27 

20.04.5.2 ARGON VESSEL 04 751 42,723 1,607 2,357 495 21% 2,852 

20.04.5.3 VACUUM VESSEL 04 106 13,177 527 633 146 23% 778 

20.04.5.4 LAA VESSEL COLD MASS SUPPORTS 04 46 1,344 66 112 29 26% 141 

20.04.5.5 RAIL SUPPORT BEAM 04 27 952 43 70 18 26% 88 

20.04.5.6 FEEDTHROUGHS 04 1,211 6,905 255 1,465 571 39% 2,037 

20.05 -FORWARD HADRONIC CALORIMETRY 02 7,310 32,607 1,266 8,577 2,466 29% 11,042 

20.05.1 -HADRONIC FCAL ASSEMBLY 03 115 3,451 139 255 57 22% 312 

20.05.1.1 -ASSEMBLY 04 2 2,493 83 85 23 27% 108 

20.05.1.1.1 MODULE STRUCTURE ASSEMBLY 05 1 1,816 58 60 18 30% 77 

20.05.1.1.2 ASSEMBLY EQUIPMENT 05 1 676 24 25 5 20% 31 

20.05.1.2 -ASSEMBLY EQUIPMENT 04 113 958 57 170 34 20% 204 

20.05.1.2.1 ASSEMBLY STAND 05 27 183 11 38 8 20% 46 

20.05.1.2.2 TUBE ENDPLATE ASSEMBLY FIXTURE 05 22 183 11 33 7 20% 40 

20.05.1.2.3 MODULE HANDLING FIXTURE 05 27 183 11 38 8 20% 46 

20.05.1.2.4 FIBER ASSEMBLY FIXTURE 05 22 183 11 33 7 20% 40 

20.05.1.2.5 PERSONNEL PLATFORMS 05 5 113 6 11 2 20% 14 

20.05.1.2.6 FIBER END FINISHING MACHINE 05 10 113 6 17 3 20% 20 

~ DETECTOR PROJECT Page 10 



CALORIMETER SUBSYSTEM 

( 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26/93 

WBS Code Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

20.05.2 

20.05.2.1 

20.05.2.2 

20.05.2.2.1 

20.05.2.2.2 

20.05.2.2.3 

20.05.2.2.3.1 

20.05.2.2.3.2 

20.05.2.2.4 

20.05.2.2.5 

20.05.2.2.6 

20.05.2.2.6.1 

20.05.2.2.6.2 

20.05.2.2.6.2.1 

20.05.2.2.6.2.2 

20.05.3 

20.05.3.1 

20.05.3.2 

20.05.3.2.1 

20.05.3.2.2 

20.05.3.2.2.1 

20.05.3.2.2.2 

20.05.3.2.2.3 

20.05.3.2.2.4 

20.05.3.2.2.5 

-STRUCTURES 

ASSEMBLY 

..COMPONENTS 

SUPPORT RING&FLANGE 

LIQUID HANDLING PIPING 

-PASSIVE ABSORBER 

ASSEMBLY 

MATERIAL 

PMTSUPPORT 

THERMAL DOME 

..CALIBRATION 

ASSEMBLY (RESERVED) 

..COMPONENTS 

DRIVE ASSEMBLY 

ELECTRONICS 

-FCAL MODULE 

ASSEMBLY 

-SCINTILLA TOR SECTION 

ASSEMBLY 

-MATERIAUCOMPONENTS 

TUNGSTEM HEAVYMET ABSORBER 

COPPER CAPILLIARY TUBING 

GLASS CAPILLIARY TUBING 

SS END PLATES FOR MANIFOLDS 

SS JACKET (SHELL) 

~ DETECTOR PROJECT 

03 

04 

04 

05 

05 

05 

06 

06 

05 

05 

05 

06 

06 

07 

07 

03 

04 

04 

05 

05 

06 

06 

06 

06 

06 

238 

237 

113 

21 

11 

0 

11 

11 

11 

69 

0 

69 

34 

34 

6,957 

2 

5,633 

2 

5,631 

4,922 

305 

22 

133 

32 

4,407 

866 

3,541 

225 

468 

1,175 

950 

225 

263 

263 

1,148 

0 

1,148 

539 

609 

24,749 

1,144 

16,526 

13,031 

3,495 

551 

391 

391 

693 

391 

217 

34 

183 

12 

26 

41 

28 

12 

13 

13 

n 
0 

n 
36 

42 

910 

46 

586 

401 

185 

29 

18 

18 

39 

18 

455 

35 

420 

126 

47 

52 

28 

24 

25 

25 

146 

0 

146 

70 

76 

7,867 

48 

6,220 

403 

5,817 

4,951 

323 

40 

172 

50 

124 27°/o 

7 20% 

117 28% 

30 24% 

11 24% 

13 25% 

8 29% 

5 20% 

5 20% 

5 20% 

52 36% 

0 0% 

52 36% 

25 36% 

27 36% 

2,285 29% 

16 33% 

1,887 30% 

149 37% 

1,738 30% 

1,485 30% 

100 31% 

12 31% 

38 22% 

10 20% 
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578 

42 

536 

156 

58 

65 

37 

29 

30 

30 

198 

0 

198 

95 

103 

10,152 

64 

8,106 

552 

7,555 

6,437 

424 

52 

210 

60 



GEM COST ESTIMATE SUMMARY 4/26193 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.05.3.2.2.6 -OUTLET MANIFOLD FLANGE ASSY 06 217 1,on 63 280 92 33% 372 

20.05.3.2.2.6.1 SS HEADS FOR MANIFOLDS 07 100 468 27 126 37 29% 163 

20.05.3.2.2.6.2 FUSED QUARTZ WINDOW & FLANGE 07 117 609 36 154 55 36% 209 

20.05.3.3 ·READOUT SECTION 04 1,322 7,079 278 1,600 383 24% 1,982 

20.05.3.3.1 ASSEMBLY 05 2 4,671 151 153 37 24% 190 

20.05.3.3.2 -MATERIAUCOMPONENTS 05 1,320 2,408 127 1,447 346 24% 1,792 

20.05.3.3.2.1 ·READOUT ABER ASSY 06 653 894 51 704 198 28% 902 

20.05.3.3.2. 1 • 1 READOUT ABERS 07 628 468 26 654 183 28% 838 

20.05.3.3.2.1.2 READOUT ABER COLLECTOR PLATE 07 25 426 25 50 14 29% 64 

20.05.3.3.2.2 -PMT ASSEMBLIES 06 667 1,514 76 743 148 20% 891 

20.05.3.3.2.2.1 PHOTOMULTIPLIER TUBES 07 574 495 21 595 119 20% 714 

20.05.3.3.2.2.2 ·PMT ACCESSORY COMPONENTS 07 92 1,019 55 147 29 20% 176 

20.05.3.3.2.2.2.1 PMT COMPARTMENTS 08 17 225 13 29 6 20% 35 

20.05.3.3.2.2.2.2 LIGHT MIXERS 08 6 190 10 16 3 20% 20 

20.05.3.3.2.2.2.3 PMTBASE 08 13 190 10 23 5 20% 27 

20.05.3.3.2.2.2.4 PMT HV PS & CABLING 08 40 190 10 50 10 20% 59 

20.05.3.3.2.2.2.5 PREAMPS 08 17 190 10 27 5 20% 32 

20.05.3.3.2.2.2.6 FASTENERS 08 1 35 3 4 0 9% 4 

20.06 -PASSIVE ABSORBER 02 n9 32,640 1,331 2,111 752 36% 2,862 

20.06.1 -ASSEMBLY 03 137 11,259 445 582 195 34% 7n 

20.06.1.1 ASSEMBLY NORTH END CAP 04 3 4,257 143 146 47 32% 192 

20.06.1.2 ASSEMBLY SOUTH END CAP 04 3 4,257 143 146 47 32% 192 

20.06.1.3 ·ASSEMBLY EQUIPMENT 04 132 2,746 159 290 102 35% 392 

20.06.1.3.1 ASSEMBLY STAND 05 110 1,348 76 185 69 37% 254 

20.06.1.3.2 PLATE AXTURING 05 14 no 46 61 22 37% 83 

OJ DETECTOR PROJECT Page 12 



GEM COST ESTIMATE SUMMARY 4/26193 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.06.1.3.3 PERSONNEL PLATFORMS 05 8 628 37 45 11 24% 55 

20.06..2 ..COMPONENTS 03 642 21,381 887 1,529 557 36% 2,085 

20.06..2.1 ·NORTH END CAP 04 332 12,471 567 899 325 36% 1,225 

20.06.2.1.1 -ABSORBER PLATES 05 288 8,356 352 640 237 37% an 
20.06.2.1.1.1 MATERIAL 06 279 1,514 98 3n 140 37% 517 

20.06.2.1.1.2 MANUFACTURE 06 9 6,843 254 263 97 37% 360 

20.06.2.1..2 -CENTER TUBE 05 45 4,115 215 259 89 34% 348 

20.06.2.1.2.1 MATERIAL 06 31 no 46 n 29 37% 106 

20.06.2.1.2.2 MANUFACTURE 06 9 2,753 134 143 53 37% 196 

20.06.2.1.2.3 FASTENERS 06 5 593 34 39 7 18% 46 

20.06.2.2 ·SOUTH END CAP 04 310 8,910 320 629 231 37% 860 

20.06.2.2.1 ·ABSORBER PLATES 05 275 6,407 217 492 182 37% 674 

20.06.2.2.1.1 MATERIAL 06 273 539 30 303 112 37% 415 

20.06..2..2.1.2 MANUFACTURE 06 2 5,868 187 189 70 37% 259 

20.06..2..2.2 -CENTER TUBE 05 34 2,503 103 137 49 36% 186 

20.06.2..2.2.1 MATERIAL 06 30 539 30 60 22 37% 82 

20.06..2..2.2..2 MANUFACTURE 06 2 1,778 67 69 26 37% 95 

20.06.2..2..2.3 FASTENERS 06 3 185 6 8 2 18% 10 

20.07 -VACUUM 02 76 17,082 583 659 224 34% 883 

20.07.1 ASSEMBLY 03 1 5,936 210 211 72 34% 283 

20.07..2 -VACUUM EQUIPMENT 03 69 11,146 373 442 150 34% 592 

20.07..2.1 ASSEMBLY 04 1 5,316 194 195 66 34% 261 

20.07.2..2 ROUGHING PUMPS 04 31 0 0 31 11 34% 42 

20.07..2.3 -DIFFUSION PUMPS 04 29 3,172 95 125 42 34% 167 

20.07..2.3.1 ASSEMBLY 05 1 2,658 84 85 29 34% 114 

~ DETECTOR PROJECT Page 13 
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GEM COST ESTIMATE SUMMARY 4/26193 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.07.2.3.2 RESERVED 05 0 0 0 0 0 0% 0 

20.07.2.3.3 NITROGEN COLD TRAP&DIF PUMPS 05 21 443 10 31 10 34% 41 

20.07.2.3.4 PIRARI GAUGE HEADS 05 1 35 1 2 1 34% 3 

20.07.2.3.5 PENNING GAUGE HEADS 05 1 35 1 2 1 34% 3 

20.07.2.3.6 CONTROLLERS 05 5 0 0 5 2 34% 7 

20.07.2.4 VACUUM LINES 04 1 2,658 84 85 29 34% 114 

20.07.2.5 ·VALVES 04 6 0 0 6 2 34% 8 

20.07.2.5.1 BACKING/ROUGHING 05 1 0 0 1 0 34% 1 

20.07.2.5.2 MAIN ISOLATION 05 5 0 0 5 2 34% 7 

20.07.3 ·DECONTAMINATION EQUIPMENT 03 6 0 0 6 2 34% 8 

20.07.3.1 RESERVED 04 0 0 0 0 0 0% 0 

20.07.3.2 -VACUUM PUMPS 04 5 0 0 5 2 34% 7 

20.07.3.2.1 CONTROLLERS 05 5 0 0 5 2 34% 7 

20.07.3.3 RESERVED 04 0 0 0 0 0 0% 0 

20.07.3.4 VALVES 04 1 0 0 1 0 34% 1 

20.08 -CRYOGENICS 02 11,954 19,800 499 12,453 2,565 21% 15,018 

20.08.1 CRYOGENICS SYSTEM DESIGN (EFD) 03 0 0 0 0 0 0% 0 

20.08.2 -SURFACE STORAGE 03 1,168 5,000 126 1,294 320 25% 1,614 

20.08.2.1 ASSEMBLY (EFD) 04 0 5,000 126 126 30 24% 156 

20.08.2.2 LIQUID ARGON 04 174 0 0 174 38 22% 212 

20.08.2.3 LIQUID KRYPTON (RESERVED) 04 0 0 0 0 0 0% 0 

20.08.2.4 NITROGEN (RESERVED) 04 0 0 0 0 0 0% 0 

20.08.2.5 KRYPTON PURIFICATION PUMP & PURGE 04 200 0 0 200 64 32% 264 

20.08.2.6 TRANSFER SYSTEM 04 381 0 0 381 99 26% 480 

20.08.2.7 SURFACE TRANSFER LINES 04 253 0 0 253 66 26% 319 

~ DETECTOR PROJECT 
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CALORIMETER SUBSYSTEM 

( ( 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26193 

WBSCode Description WBS~evel Material, k$ ManHours Labor, k$ M.,. L, k$ Contingency,_k$ __ %_ TOTAL, k$ 

20.08.2.8 

20.08.3 

20.08.3.1 

20.08.3.2 

20.08.3.3 

20.08.3.4 

20.08.3.5 

20.08.3.6 

20.08.4 

20.08.4.1 

20.08.4.2 

20.08.4.3 

20.08.5 

20.08.5.1 

20.08.5.2 

20.08.5.3 

20.08.5.4 

20.08.6 

20.08.7 

20.09 

20.09.1 

20.09.2 

20.09.2.1 

20.09.2.2 

20.09.2.3 

SURFACE VALVES 

-HALL STORAGE 

ASSEMBLY (EFO) 

LIQUID ARGON 

LIQUID KRYPTON 

NITROGEN (RESERVED) 

HALL TRANSFER LINES 

HALL VALVES 

-VAPORIZERS 

RESERVED 

NITROGEN 

ARGON 

-INTERSTAGE COOLING 

RESERVED 

ARGON 

KRYPTON (RESERVED) 

NITROGEN 

LIQUID KRYPTON 

LIQUID ARGON 

-INSTR. POWER 6 OPERATIONAL CONTROL 

POWER DISTRIBUTION AND UPS SYSTEM (EFD) 

-CONTROL AND MONITOR SYSTEM 

CONTROL SYSTEM HARDWARE(EFD) 

CONTROL SYSTEM SOFTWARE (EFD) 

GLOBAL INTEGRATION (EFD) 
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04 

03 

04 

04 

04 

04 

04 

04 

03 

04 

04 

04 

03 

04 

04 

04 

04 

03 

03 

02 

03 

03 

04 

04 

04 

160 

1,751 

0 

200 

100 

0 

704 

747 

98 

0 

39 

58 

264 

0 

178 

0 

86 

8,528 

145 

215 

12 

203 

186 

6 

10 

0 

14,800 

14,800 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1,735 

160 

1,576 

920 

514 

142 

0 

373 

373 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

52 

5 

47 

27 

15 

5 

160 

2,124 

373 

200 

100 

0 

704 

747 

98 

0 

39 

58 

264 

0 

178 

0 

86 

8,528 

145 

266 

17 

250 

213 

21 

16 

22 14% 

443 21% 

90 24% 

44 22% 

22 22% 

0 0% 

183 26% 

105 14% 

20 20% 

0 0% 

8 20% 

12 20% 

67 25% 

0 0% 

46 26% 

0 0% 

21 24% 

1,706 20% 

10 7% 

73 27% 

3 18% 

70 28% 

60 28% 

6 28% 

4 28% 
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183 

2,567 

463 

244 

122 

0 

887 

852 

117 

0 

47 

70 

331 

0 

224 

0 

107 

10,234 

156 

339 

20 

320 

273 

TT 

20 
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GEM COST ESTIMATE SUMMARY 4/26193 

CALORIMETER SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBS Level Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

20.10 -FINAL ASSEMBLY 02 509 17,361 511 1,020 429 42% 1,449 

20.10.1 ASSEMBLY EQUIPMENT 03 475 1,536 75 550 242 44% 792 

20.10.2 -CALORIMETRY 03 34 15,625 436 470 187 40% 657 

20.10.2.1 INBARREL l ENDCAP CALORIMETER 04 0 13,656 345 345 152 44% 496 

20.10.2.2 ·SCINTILLA TING HADRON 04 0 950 26 26 11 40% 37 

20.10.2.2.1 LABOR 05 0 950 26 26 11 40% 37 

20.10.2.3 ·EM FCAL 04 7 393 29 36 10 29% 46 

20.10.2.3.1 LABOR 05 1 251 18 19 5 29% 24 

20.10.2.3.2 LIFTING FIXTURE 05 6 142 11 17 5 29% 22 

20.10.2.4 ·HADRONIC FCAL 04 27 626 36 63 15 23% 78 

20.10.2.4.1 LABOR 05 0 451 16 16 5 29% 21 

20.10.2.4.2 -EQUIPMENT 05 27 375 20 47 10 21% 57 

20.10.2.4.2.1 TEMPORARY BRACING 06 17 263 14 30 7 22% 37 

20.10.2.4.2.2 CRANE RENTAL 06 10 113 6 17 3 20% 20 

20.10.3 RESERVED 03 0 0 0 0 0 0% 0 

20.10.4 RESERVED 03 0 0 0 0 0 0% 0 

20.10.s RESERVED 03 0 0 0 0 0 0% 0 

20.10.6 RESERVED 03 0 0 0 0 0 0% 0 

20.11 -HALL INSTALLATION 02 1,532 67,381 2,092 3,624 1,383 36% 5,007 

20.11.1 INSTALLATION EQUIPMENT 03 519 0 0 519 229 44% 748 

20.11.2 ·CALORIMETRY 03 752 60,026 1,841 2,593 971 37% 3,564 

20.11.2.1 INNER BARREL l ENDCAP CALORIMETER 04 16 37,992 1,068 1,064 4n 44% 1,562 

20.11.2.2 -SCINTILLATING HADRON 04 261 13,055 409 670 247 37% 917 

20.11.2.2.1 LABOR 05 1 11,5n 329 330 132 40% 462 

20.11.2.2.2 -EQUIPMENT 05 260 1,478 80 340 115 34% 455 

ci' DETECTOR PROJECT Page 16 



CALORIMETER SUBSYSTEM 

• 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26193 

WBSCode Description WBS_Level Material. k$ ManHours Labor, k$ M + L, k$ Contingency, k$ o/o _JOTAL, k$ 

20.11.2.2.2.1 

20.11.2.2.2.2 

20.11.2.2.2.3 

20.11.2.2.2.4 

20.11.2.3 

20.11.2.3.1 

20.11.2.3.2 

20.11.2.4 

20.11.2.4.1 

20.11.2.4.1.1 

20.11.2.4.1.2 

20.11.2.4.1.2.1 

20.11.2.4.1.2.2 

20.11.2.4.1.2.3 

20.11.2.4.1.2.4 

20.11.2.4.1.2.5 

20.11.2.4.2 

20.11.2.4.2.1 

20.11.2.4.2.2 

20.11.3 

20.11.3.1 

20.11.3.2 

20.11.3.2.1 

20.11.3.2.2 

20.11.3.2.3 

TEMPORARY BRACING 

CRANE RENTAL 

END CAP OUTRIGGERS 

ROLLERS 

-EM FCAL 

LABOR 

MATERIAL 

-SCINTILLATING LIQUID FCAL 

-LIQUID HANDLING SYSTEM 

ASSEMBLY&INSTALLATION 

-COMPONENTS 

PIPING & VALVES 

ALTERATION & PURIFICATION 

STORAGE AND MONITORING 

LIQUID CIRCULATING PUMPS 

SCINTILLATING LIQUID 

-READOUT THERMAL CONTROL 

ASSEMBLY&INSTALLATION 

AIR DUCT 

-PASSIVE END CAPS 

LABOR 

-EQUIPMENT 

TEMPORARY BRACING 

CRANE RENTAL 

END CAP OUTRIGGERS 

~ DETECTOR PROJECT 

06 

06 

06 

06 

04 

05 

05 

04 

05 

06 

06 

07 

07 

07 

07 

07 

05 

06 

06 

03 

04 

04 

05 

05 

05 

27 

53 

159 

22 

3 

2 

471 

463 

2 

461 

85 

81 

81 

7 

207 

8 

0 

8 

261 

260 

27 

53 

159 

362 

274 

628 

214 

319 

177 

142 

8,660 

6,190 

3,888 

2,303 

468 

693 

693 

225 

225 

2,470 

2,280 

190 

7,355 

5,877 

1,478 

362 

274 

628 

18 

12 

37 

14 

27 

14 

13 

337 

258 

131 

127 

26 

38 

38 

12 

12 

80 

70 

10 

250 

171 

80 

18 

12 

37 

45 

64 

195 

35 

30 

15 

15 

809 

721 

133 

588 

111 

119 

119 

20 

219 

88 

70 

18 

512 

172 

340 

45 

64 

195 

19 41% 

26 41% 

61 31% 

9 26% 

9 29% 

4 29% 

4 29% 

239 30% 

213 30% 

41 31% 

172 29% 

22 20% 

41 34% 

41 34% 

3 16% 

66 30% 

25 29% 

22 31% 

4 20% 

183 36% 

69 40% 

115 34% 

19 41% 

26 41% 

61 31% 
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64 

91 

256 

45 

39 

20 

19 

1,047 

934 

174 

760 

133 

160 

160 

23 

285 

113 

92 

22 

695 

240 

455 

64 

91 

256 



CALORIMETER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26193 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M t_L~ k$ _Contingen~y. k$ % TOTAL, k$ 

20.11.3.2.4 

20.12 

20.12.1 

20.12.1.1 

20.12.1.2 

20.12.1.3 

20.12.1.4 

20.12.1.5 

20.12.2 

20.12.2.1 

20.12.2.2 

20.12.3 

20.12.3.1 

20.12.3.2 

20.12.4 

20.12.4.1 

20.12.4.2 

20.12.4.2.1 

20.12A.2.2 

20.12.5 

20.13 

20.13.1 

20.13.2 

20.13.3 

20.13.4 

ROLLERS 

-CALIBRATION AND TEST BEAM PROGRAM 

-INNER BARREL AND ENDCAP (INCLUDES FERMI LAB) 

CRYOSTAT 

MODULES 

ELECTRONICS 

FIXTURES 

TEST LABOR (INCLUDED IN 20.15.5 / EFD) 

-SCINTILLATING HADRON 

LABOR 

RESERVED 

-EM FCAL 

RESERVED 

EQUIPMENT 

-SCINTILLATING LIQUID FCAL 

LABOR 

-EQUIPMENT 

TEST STANDS 

BEAM CALIBRATION SYSTEM 

FERMI LAB 

-SUBSYSTEM MANAGEMENT 

PROJECT MGT & ADMINISTRATION 

RESOURCE MGT & TRAVEL 

ES&H 

QUALITY ASSURANCE 

~ DETECTOR PROJECT 

05 

02 

03 

04 

04 

04 

04 

04 

03 

04 

04 

03 

04 

04 

03 

04 

04 

05 

05 

03 

02 

03 

03 

03 

03 

22 

3,618 

2,917 

519 

1,263 

408 

727 

0 

0 

0 

0 

265 

0 

265 

109 

0 

109 

54 

55 

327 

62 

27 

6 

2 

9 

214 

25,267 

0 

0 

0 

0 

0 

0 

1,900 

1,900 

0 

106 

0 

106 

3,594 

1,710 

1,884 

871 

1,013 

19,666 

89,947 

37,212 

12,404 

3,119 

12,404 

14 

701 

0 

0 

0 

0 

0 

0 

64 

64 

0 

9 

0 

9 

148 

52 

96 

42 

54 

480 

3,975 

1,746 

375 

144 

571 

35 

4,319 

2,917 

519 

1,263 

408 

727 

0 

64 

64 

0 

274 

0 

274 

257 

52 

205 

96 

109 

808 

4,038 

1,n3 

380 

146 

580 

9 26% 

1,143 27% 

758 26% 

135 26% 

328 26% 

106 26% 

189 26% 

0 0% 

23 36% 

23 36% 

0 0% 

79 29% 

0 0% 

79 29% 

73 28% 

13 25% 

60 29% 

28 29% 

32 29% 

210 26% 

565 14% 

248 14% 

53 14% 

20 14% 

81 14% 
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45 

5,462 

3,675 

654 

1,591 

514 

916 

0 

87 

87 

0 

353 

0 

353 

330 

65 

265 

124 

141 

1,018 

4,603 

2,021 

434 

166 

661 
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CALORIMETER SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBSCode Description_ WBS_Level Material, k$ ManHours _ Labor, k$ M ± L, k$ _ Contingency, k$ "lo TOTAL, k$ 

20.13.5 

20.14 

20.14.1 

20.14.2 

20.14.2.1 

20.14.2.1.1 

20.14.2.1.2 

20.14.2.1.3 

20.14.2.2 

20.14.2.2.1 

20.14.2.2.2 

20.14.2.2.3 

20.14.2.2.4 

20.14.2.2.5 

20.14.3 

20.14.3.1 

20.14.3.1.1 

20.14.3.1.2 

20.14.3.1.3 

20.14.3.1.4 

20.14.4 

20.14.4.1 

20.14.4.1.1 

20.14.4.1.2 

20.14.4.1.3 

SYSTEM ENGINEERING 

..CONCEPTUAUPRELIMINARY DESIGN 

LIQUID CALORIMETRY 

-SCINTILLATING BARREL 

-PREPARATION OF LOI 

CONCEPTUAL DESIGN 

COSTING STUDIES 

DOCUMENT PREPARATION 

-PREPARATION OF TECH PROP. 

CONCEPTUAL DESIGN 

COSTING STUDIES 

MANUFACTURING STUDIES 

INSTALLATION STUDIES 

PREP OF TECH PROP. 

-EM FORWARD CALORIMETRY 

-PREP OF TECHNICAL PROPOSAL 

CONCEPTUAL DESIGN 

COSTING STUDIES 

MANUFACTURING STUDIES 

INSTALLATION STUDIES 

-SCINT. LIQUID FORWARD CALORIMETRY 

-PREP OF LOI 

CONCEPTUAL DESIGN 

COSTING STUDIES 

DOCUMENT PREPARATION 

~ DETECTOR PROJECT 

03 

02 

03 

03 

04 

05 

05 

05 

04 

05 

05 

05 

05 

05 

03 

04 

05 

05 

05 

05 

03 

04 

05 

05 

05 

18 

117 

54 

25 

9 

4 

4 

16 

6 

2 

3 

2 

2 

14 

14 

6 

2 

3 

2 

25 

9 

4 

4 

24,808 

29,683 

19,104 

5,511 

1,240 

443 

585 

213 

4,271 

1,772 

585 

886 

443 

585 

1,471 

1,471 

585 

443 

301 

142 

3,597 

1,028 

443 

443 

142 

1,141 

1,864 

992 

454 

102 

37 

48 

18 

352 

146 

48 

73 

37 

48 

121 

121 

48 

37 

25 

12 

297 

85 

37 

37 

12 

1,159 

1,981 

1,046 

479 

112 

41 

52 

19 

368 

152 

50 

76 

39 

50 

135 

135 

55 

39 

28 

14 

322 

94 

41 

41 

13 

162 14% 

205 10% 

157 15% 

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% 

48 15% 

14 15% 

6 15% 

6 15% 

2 15% 
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1,322 

2,186 

1,202 

479 

112 

41 

52 

19 

368 

152 

50 

76 

39 

50 

135 

135 

55 

39 

28 

14 

370 

108 

47 

47 

15 



CALORIMETER SUBSYSTEM 

• 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBS Code Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

20.14.4.2 -PREP OF TECHNICAL PROPOSAL 04 16 2,569 212 228 34 15% 262 

20.14.4.2.1 CONCEPTUAL DESIGN 05 6 886 73 79 12 15% 91 

20.14.4.2.2 COSTING STUDIES 05 2 585 48 50 8 15% 58 

20.14.4.2.3 MANUFACTURING STUDIES 05 3 443 37 40 6 15% 46 

20.14.4.2.4 INSTALLATION STUDIES 05 2 213 18 20 3 15% 23 

20.14.4.2.5 PREP OF PROPOSAL 05 2 443 37 39 6 15% 44 

~ DETECTOR PROJECT Page 20 
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FABRICATION 09JUN95 07AUG97 I I I I I I 
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GEM Dete~ 
Reoort: GEM_ FY 

( c ( ( ( c c 
GEM DETECTOR I Date: 27APR93 

WBS 20 - Ca1orimeter Project: CAL MPS 
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u 
0 ,.. 
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FY91IFY92IFY93IFY94IFY9SIFY96IFY97IFY90IFY99IFYOOIFY01 

Iner Bud $10k 1 4 6 I 5 7 5 12 o 9 7 14 5 1 6 13 7 o 5 11 9 2 2 I s s 7 I 2 3 
IC um. Bud $100 1 5 I 7 2 I 2 a 2 I 7 3 3 111 o 4 112 9 6 11 3 s 2 113 s 4 113 s 4 113 s 4 

WBS 20.01.1 $8,609,421 I Research & Development 

WBS 20.02.1 $4,190,808 I ~oner Barrel Assembly 

WBS 20.02.2 $9,417,738 I EM Module 

WBS 20.02.3 $6,513,395 I aadronic Sections 

WBS 20.02.4 $4,765,692 ryostat 

WBS 20.03.1 $1,722,579 I Scintillating Barrel Sub-Assembly 

WBS 20.03.2 $2,446,617 I Scintillating Barrel Support Tubes 

WBS 20.03.3 $8,947,736 I Scintillating Barrel Modules 

WBS 20.03.4 $3,427,265 I Scintillating Barrel Readout 

WBS 20.03.5 $1,266,537 I Outer Barrel Passive Absorber 

WBS 20.03.6 $ 205,757 I Noble Liquid - Install Rails 

WBS 2 0 . 0 4 . 1 $7,577,592 I Endcap Assembly (On-Site) 

WBS 20.04.2 $8,493,385 ndcap EM Section 

WBS 20.04.3 $12,175,168 ndcap Hadronic Sections 

WBS 20.04.4 $ 881,087 ndcap Forward Electromagnetic Sect 

WBS 20.04.5 $5,922,458 ryostat 
*** PREPARED BY GEM - Pro]ect Office *** Paae: 1 
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GEM Detector GEM DETECTOR Date1 27APR93 
Re ort: GEM FY WBS 20 - Ca1orimeter Pro'ect: CAL MPS 

FY91 FY92 F¥93 FY96 FY97 FY99 FYOO FY01 

WBS 20.05.1 $ 311,524 FCAL Assembly 
WBS 20.05.2 $ 578,419 I Structures 

WBS 20.05.3 $10,152,346 I Hadronic FCAL Structures 
WBS 20.06.1 $ 776,814 ssembly 
WBS 20.06.2 $2,085,140 I Components 
WBS 20.07.1 $ 283,002 c==:::Jvacuum Assembly 
WBS 20.07.2 $ 591,818 I l\Tacuum Equipment 
WBS 20.07.3 $ 8 1 3 4 8 I l\Tacuum Decontamination Equipment 
WBS 20.08.2 $1,613,553 urface Storage 
WBS 20.08.3 $2,567,081 I Hall Storage 
WBS 20.08.4 $ 117,240 I l\Taporizers 
WBS 20.08.5 $ 330,920 I ~nterstage Cooling 
WBS 20.08.6 $10,233,850 iquid Kr Material 
WBS 20.08.7 $ 155,483 c=:::J,iquid Ar Material 
WBS 20.09.1 $ 19,493 I ~ower Distribution 
WBS 20.09.2 $ 319,762 ontrol and Monitor System 
WBS 20.10.1 $ 792,262 inal Assembly Equipment 
WBS 2 0 . 1 0 . 2 $ 657,103 I Final Assembly Calorimetry 
WBS 20.11.1 $ 747,648 nstallation Equipment 
WBS 20.11.2 $3,564,025 I Hall Installation Calormetry 
WBS 20.11.3 $ 694,931 c::Jiall Installation Passive Endca 
WBS 20.12.1 $3,675,042 nner Barrel & End Cap (Includes Fermi 
WBS 20.12.2 $ 87,123 []Scintillating Hadron 
WBS 20.12.3 $ 352,891 L:}:M Forward Calorimeter 

I WBS 20.12.4 $ 329,587 ~cintillating Liquid Forward Calorimeter 
WBS 20.12.5 $1,017,491 
WBS 20.13.1 roject MGT & Administration 
WBS, 20.13.2 $ 433,512 esourse MGT & Travel 
WBS 2 0 . 1 3 . 3 $ 166,152 
WBS 20.13.4 $ 660,826 uality Assurance 
WBS 20.13.5 $1,321,654 ystem Engineering 

i WBS 20.14.1 I Concept/Prel.Dsn Liquid Calorimetry 
I WBS 20.14.2 I Concept/Prel.Dsn Scintillating Barrel 

WBS 20.14.3 I Concept/Prel.Dsn EM Forward Calorimeter 
WBS 20.14.4 $ 369,775 c==Jscintillating Liquid Forward Calorimeter 

*** PREPARED BY GEM - Pro ec:t Office *** Pa e: 2 
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MUON Measurement Parameters Table 

Super Super Super 
Laver 1 Laver 2 Layer 3 Total 

End Cap Chambers 
Z Position 7020 mm 11540 mm 16900 mm 
Thickness 910 mm 800 mm 850 mm r 

Inner Radius 1095 mm 1845 mm 2756 mm 
Outer Radius 3800 mm 6057 mm 8873 mm N/A 

Number of Channels 105,984 119,808 119,808 345,600 

Number of Chambers 96 192 192 480 

Barrel Chambers 
Inner Radius 4023 mm 6133 mm 8287 mm 
Depth 316 mm 403 mm 404 mm 
Half Length 6890 mm 10700 mm 14480 mm NIA 

Number of Channels 202,752 331,776 331,776 866,304 

Number of Chambers 96 384 384 864 
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GEM COST ESTIMATE SUMMARY 4/25/93 

MUON SUBSYSTEM 
FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

30 ·MUON 01 40,631 891,791 36,819 n,449 20,897 27% 98,347 

30.01 -RESEARCH & DEVELOPMENT 02 1,958 62,9n 4,550 6,508 0 0% 6,508 

30.01.1 DEVELOP CHAMBER TECHNOLOGIES 03 1,1n 15,425 1,080 2,257 0 0% 2,257 

30.01.2 CHAMBER PERFORMANCE EVALUATION 03 17 4,926 443 460 0 0% 460 

30.01.3 MUON TRIGGER 03 7 1,985 164 171 0 0% 171 

30.01.4 ALIGNMENT TECHNOLOGY 03 14 4,217 295 309 0 0% 309 

30.01.5 ELECTRONICS EVALUATION 03 15 4,430 311 326 0 0% 326 

30.01.6 SIMULATIONS 03 3 895 81 84 0 0% 84 

30.01.7 INDIVIDUAL CHAMBER DESIGN & FACTORY LAYOUT 03 32 6,539 458 490 0 0% 490 

30.01.8 ENGINEERING ( structures, costs, etc.) 03 693 24,560 1,720 2,413 0 0% 2,413 

30.02 -BARREL REGION 02 27,914 470,928 15,728 43,642 13,174 30% 56,817 

30.02.1 -BARREL REGION MODULE ASSEMBLY 03 3,092 27,258 989 4,081 1,224 30% 5,305 

30.02.1.1 -ON-SITE 04 3,069 20,305 603 3,672 1,101 30% 4,n3 

30.02.1.1.1 MODULE STORAGE 05 52 0 0 52 16 30% 68 

30.02.1.1.2 TEST 05 1,857 3,216 119 1,976 593 30% 2,569 

30.02.1.1.3 ASSEMBLY 05 1,009 16,249 453 1,462 439 30% 1,900 

30.02.1.1.4 FACILITY PREP. 05 151 840 31 182 55 30% 236 

30.02.1.2 -OFF-SITE 04 23 6,952 386 409 123 30% 532 

30.02.1.2.1 ASSY AXT FNL DESIGN, MACH, ASSY. 05 23 6,952 386 409 123 30% 532 

30.02.2 -CATHODE STRIP CHAMBERS 03 16,991 333,174 10,660 27,650 8,295 30% 35,945 

30.02.2.1 -OFF-SITE 04 16,991 333,174 10,660 27,650 8,295 30% 35,945 

30.02.2.1.1 SHIPPING 05 386 1,900 70 456 137 30% 593 

30.02.2.1.2 TEST 05 340 127,661 5,368 5,708 1,713 30% 7,421 

30.02.2.1.3 ASSEMBLY 05 1,108 189,084 4,489 5,597 1,679 30% 7,276 

30.02.2.1.4 FACILITY PREP. 05 135 8,550 354 489 147 30% 635 

OJ DETECTOR PROJECT 
Page 



GEM COST ESTIMATE SUMMARY 4/25/93 

MUON SUBSYSTEM 
FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency,k$ % TOTAL,k$ 

30.02.2.1.5 MACHINING, INSPECTION 05 15,002 0 0 15,002 4,501 30% 19,503 

30.02.2.1 .6 ANAL DESIGN, DRWG/SPEC MODS 05 20 5,979 379 399 120 30% 519 

30.02.3 -MODULE SUPPORT STRUCTURES 03 3,432 39,197 1,610 5,042 1,709 34% 6,751 

30.02.3.1 -OFF-SITE 04 3,432 39,197 1,610 5,042 1,709 34% 6,751 

30.02.3.1.1 SHIPPING 05 75 1,384 55 130 39 30% 169 

30.02.3.1.2 MACHINING, INSPECTION 05 3,318 27,624 877 4,195 1,426 34% 5,622 

30.02.3.1.3 ANAL DESIGN, DRWG/SPEC MODS 05 39 10,189 678 717 244 34% 961 

30.02.4 RESERVED 03 0 0 0 0 0 0% 0 

30.02.5 -GAS SYSTEMS (REMOVED $580K TO EFD) 03 934 13,528 433 1,367 301 22% 1,668 

30.02.5.1 -OFF-SITE 04 2 438 33 35 8 22% 42 

30.02.5.1.1 DESIGN AND DEVELOPMENT (EFD) 05 2 438 33 35 8 22% 42 

30.02.5.2 -ON-SITE 04 932 13,090 400 1,332 294 22% 1,626 

30.02.5.2.1 DESIGN AND DRAWINGS (EFD) 05 0 126 5 6 1 22% 7 

30.02.5.2.2 TEST PROCEDURE DEVELOPMENT (EFD) 05 0 37 3 3 1 27% 4 

30.02.5.2.3 SAFETY PROCEDURE DEVELOPMENT (EFD) 05 0 50 4 4 1 27% 5 

30.02.5.2.4 MAINTENANCE PROCEDURE DEVELOPMENT (EFD) 05 0 50 4 4 1 27% 5 

30.02.5.2.5 ASSEMBLY AND TEST (EFD) 05 602 12,906 381 983 216 22% 1,200 

30.02.5.2.6 PROCUREMENT· SURFACE SYSTEM (EFD) 05 52 -205 -2 50 11 22% 61 

30.02.5.2.7 PROCUREMENT· HALL SYSTEM (EFD) 05 277 126 5 282 62 22% 344 

30.02.6 -COOLING SYSTEM 03 1,180 9,008 444 1,624 487 30% 2,112 

30.02.6.1 -OFF-SITE 04 1,180 9,008 444 1,624 487 30% 2,112 

30.02.6.1.1 SHIPPING 05 55 285 12 67 20 30% 87 

30.02.6.1.2 SUBASSEMBLY, TEST 05 15 2,327 66 81 24 30% 106 

30.02.6.1.3 MACHINING, INSPECTION 05 1,041 2,147 87 1,128 338 30% 1,466 

30.02.6.1.4 PROCUREMENT 05 54 475 20 74 22 30% 96 

~ DETECTOR PROJECT Page 2 
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GEM COST ESTIMATE SUMMARY 4/25193 

MUON SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

30.02.6.1.5 FINAL DESIGN, DRWGISPEC. MODS. 05 15 3,n4 260 275 83 30% 358 

30.02.7 -LOCAL ALIGNMENT 03 2,286 48,763 1,592 3,878 1,158 30% 5,035 

30.02.7.1 -OFF-SITE 04 2,286 48,763 1,592 3,878 1,158 30% 5,035 

30.02.7.1.1 SHIPPING 05 78 1,348 55 133 40 30% 173 

30.02.7.1.2 TEST 05 316 23,808 706 1,022 307 30% 1,328 

30.02.7.1.3 ASSEMBLY 05 13 19,049 565 578 173 30% 751 

30.02.7.1.4 FACILITY PREP. 05 28 879 56 84 19 23% 104 

30.02.7.1.5 MACHINING, INSPECTION 05 1,840 570 23 1,863 559 30% 2,422 

30.02.7.1.6 FINAL DESIGN, DRWGISPEC. MODS. 05 11 3,109 187 198 59 30% 257 

30.03 -END CAP REGION 02 9,336 225,218 7,975 17,312 5,216 30% 22,528 

30.03.1 -END CAP REGION MODULE ASSEMBLY 03 514 25,346 922 1,436 431 30% 1,867 

30.03.1.1 -ON-SITE 04 491 18,393 536 1,027 308 30% 1,335 

30.03.1.1.1 SECTOR STORAGE 05 52 0 0 52 16 30% 68 

30.03.1.1.2 TEST 05 159 3,225 120 279 84 30% 362 

30.03.1.1.3 ASSEMBLY 05 269 13,839 373 642 193 30% 834 

30.03.1.1.4 FACILITY PREP. 05 11 1,329 44 55 16 30% 71 

30.03.1.2 -OFF-SITE 04 23 6,952 386 409 123 30% 532 

30.03.1.2.1 ASSY FIXT FINAL DSGN, MACH, ASSY 05 23 6,952 386 409 123 30% 532 

30.03.2 -CATHODE STRIP CHAMBERS 03 5,794 126,419 4,203 9,996 2,999 30% 12,995 

30.03.2.1 -OFF-SITE 04 5,794 126,419 4,203 9,996 2,999 30% 12,995 

30.03.2.1.1 SHIPPING 05 162 1,900 70 232 69 30% 301 

30.03.2.1.2 TEST 05 179 43,035 1,810 1,989 597 30% 2,586 

30.03.2.1.3 ASSEMBLY 05 607 66,939 1,589 2,196 659 30% 2,855 

30.03.2.1.4 FACILITY PREP. 05 135 8,550 354 489 147 30% 635 

30.03.2.1.5 MACHINING, INSPECTION 05 4,691 0 0 4,691 1,407 30% 6,098 

OJ DETECTOR PROJECT Page 3 
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GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/25193 

WBSCode Description . WBS Level Material, kL__ ManHours Labor.H M + L, k$ _Contingency, k$ % TOIAL, k~ 

30.03.2.1.6 

30.03.3 

30.03.3.1 

30.03.3. 1. 1 

30.03.3.1.2 

30.03.3.1.3 

30.03.4 

30.03.5 

30.03.5.1 

30.03.5. 1 .1 

30.03.5.2 

30.03.5.2.1 

30.03.5.2.2 

30.03.5.2.3 

30.03.5.2.4 

30.03.5.2.5 

30.03.5.2.6 

30.03.5.2.7 

30.03.6 

30.03.6.1 

30.03.6.1.1 

30.03.6.1.2 

30.03.6.1.3 

30.03.6.1.4 

30.03.6.1.5 

FINAL DESIGN, DRWG/SPEC MODS 

-MODULE SUPPORT STRUCTURES 

-OFF-SITE 

SHIPPING 

MACHINING, INSPECTION 

FINAL DESIGN, DRWG/SPEC MODS 

RESERVED 

-GAS SYSTEM 

-OFF-SITE 

RESERVED 

-ON-SITE 

RESERVED 

RESERVED 

RESERVED 

RESERVED 

ASSEMBLY AND TEST 

RESERVED 

RESERVED 

-COOLING SYSTEM 

-OFF-SITE 

SHIPPING 

SUBASSEMBLY, TEST 

MACHINING, INSPECTION 

RESERVED 

RESERVED 
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55 
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0 

0 

369 
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0 

0 

0 

369 

0 

0 
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164 

12 

66 

86 

0 

0 

401 

2,583 

2,583 

130 

1,736 

717 

0 

565 

0 

0 

565 

0 

0 

0 

0 

565 

0 

0 

765 

765 

46 

81 

639 

0 

0 

120 30% 

873 34% 

873 34% 

39 30% 

590 34% 

244 34% 

0 0% 
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0 0% 

Page 4 

521 

3,457 

3,457 

169 

2,326 

961 

0 

690 

0 

0 

690 

0 

0 

0 

0 

690 

0 

0 

995 

995 

60 

105 

830 

0 

0 



( 

MUON SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/25/93 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ . _M +.1..._k$_ Contingency, k$ % TOTAL, k$ 

30.03.7 

30.03.7.1 

30.03.7.1.1 

30.03.7.1.2 

30.03.7.1.3 

30.03.7.1.4 

30.03.7.1.5 

30.03.7.1.6 

30.04 

30.04.1 

30.04.1.1 

30.04.1.1.1 

30.04.1.1.2 

30.04.1.1.3 

30.04.1.2 

30.04.1.2.1 

30.04.2 

30.04.2.1 

30.04.2.1.1 

30.04.2.1.2 

30.04.2.1.3 

30.04.2.2 

30.04.2.2.1 

30.04.3 

30.04.3.1 

·LOCAL ALIGNMENT 

-OFF-SITE 

SHIPPING 

TEST 

ASSEMBLY 

FACILITY PREP. 

MACHINING, INSPECTION 

ANAL DESIGN, DRWG/SPEC MODS 

·INSTALLATION 

·BARREL REGION 

-ON-SITE 

TEST 

MECHANICAL ASSEMBLY 

FACILITY PREP. 

-OFF-SITE 

INSTALL TOOL FNL DESIGN, MACH, ASSY. 

-END CAP REGION 

-ON-SITE 

TEST 

MECHANICAL ASSEMBLY 

FACILITY PREP. 

-OFF-SITE 

INSTALL TOOL ANAL DSGN, MACH, ASSY 

-GLOBAL ALIGNMENT 

-OFF-SITE 
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04 

05 

03 

04 

1,081 

1,081 

47 

208 

7 

28 

780 

11 

n9 

424 

375 

93 

271 

11 

49 

49 

232 

198 

92 

99 

7 

34 

34 

124 

124 

24,558 

24,558 

798 

10,593 

8,576 

918 

572 

3,101 

70,223 

33,745 

19,268 

4,833 

1,262 

13,172 

14,4n 

14,4n 

24,063 

13,962 

3,952 

878 

9,133 

10,100 

10,100 

12,416 

12,416 

885 

885 

32 

321 

265 

. 58 

24 

186 

3,557 

1,607 

596 

142 

44 

410 

1,011 

1,011 

1,148 

431 

116 

31 

285 

717 

717 

802 

802 

1,966 

1,966 

79 

529 

272 

86 

804 

197 

4,336 

2,031 

971 

235 

315 

421 

1,060 

1,060 

1,379 

629 

207 

130 

292 

751 

751 

926 

926 

560 29% 

560 29% 

24 30% 

159 30% 

82 30% 

20 23% 

217 27% 

59 30% 

1,308 30% 

616 30% 

299 31% 

78 33% 

95 30% 

126 30% 

318 30% 

318 30% 

414 30% 

189 30% 

62 30% 

39 30% 

88 30% 

225 30% 

225 30% 

278 30% 

278 30% 

Page 5 

2,525 

2,525 

103 

687 

354 

105 

1,021 

256 

5,644 

2,648 

1,270 

313 

410 

548 

1,378 

1,378 

1,793 

817 

270 

168 

379 

976 

976 

1,203 

1,203 



' 

GEM COST ESTIMATE SUMMARY 4/25/93 

MUON SUBSYSTEM 
FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

30.04.3.1.1 SHIPPING 05 104 1,330 54 158 47 30% 205 

30.04.3.1.2 TEST 05 5 4,430 310 315 95 30% 410 

30.04.3.1.3 ASSEMBLY 05 4 3,551 251 255 n 30% 331 

30.04.3.1.4 FINAL DESIGN, DRWG/SPEC MODS 05 11 3,105 187 198 59 30% 257 

30.05 -PROJECT MANAGEMENT 02 435 37,921 3,297 3,732 373 10% 4,105 

30.05.1 ADMINISTRATION/OVERSIGHT 03 150 16,834 1,463 1,613 161 10% 1,n4 

30.05.2 RESOURCE MANAGEMENT 03 45 2,109 183 228 23 10% 251 

30.05.3 ES&H ASSURANCE 03 90 4,217 367 457 46 10% 503 

30.05.4 QUALITY ASSURANCE PROGRAM 03 90 6,326 550 640 64 10% 704 

30.05.S SYSTEMS INTEGRATION 03 30 4,217 367 397 40 10% 437 

30.05.6 SUBSYSTEM COST/SCHEDULE MONITOR 03 30 4,217 367 397 40 10% 437 

30.06 CONCEPTUAUPRELIMINARY DESIGN 02 208 24,525 1,712 1,920 826 43% 2,746 

~ DETECTOR PROJECT Page 6 



• ' ' 
OPEN PLAN 0 LEVEL I I SUMMARY BASELINE SCHEDULE 

Projectt MUON G E M 
Reports TDR_SUMl DETECTOR Status as oft 01AU091 30 MUON SUBSYSTEM current Dates 27APR93 
Pa es 1 

Summar Descri tion Baseline Start/Finish %Com 1992 1993 1994 1995 1996 1997 1998 1999 2000 

WBS:30.01 RESEARCH & DEVELOPMENT 
I I I I I I 

DESIGN .01JUL92 060CT94 IZZZZZZZZZZI 

WBS:30.02 B~RR~EGTO 
I I I I I 

DESIGN 01APR93 24MAR9 5 

! FABRICATION 
I I I I I 

03AUG93 26JAN96 
I I I I I 

. ASSEMBLY 18NOV93 29JUL97 

WsS:30.03 END CAP R 
I I I I I I I 

DESIGN 02JUN93 26JUN95 
I I I I I 

FABRICATION 18AUG93 18MAR97 
I I I I 

ASSEMBLY 20DEC93 29JUN98 

I I I I I I 
DESIGN 040CT93 11JAN96 

I I I I I I 
PROCUREMENT 09NOV95 10APR96 

I I I I I I I 
FABRICATION 27JUN95 12DEC96 

I I I I I I I 
ASSEMBLY 30MAY96 15JAN97 

I I I I I I 
INSTALLATION 13DEC96 30SEP99 

I I 
28SEP99 

I I I I I I I 
DESIGN 01AUG91 29SEP93 

I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

Legend c:.J Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT Signatures 
ml Critical 
- Float GEM • PROJECT OFFICE Approved by: ------------------------

Baseline Pro'ected Actual 
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OPEN PLll.N 0 ~ LEVEL 111 SUMMAR-Y BASEL I NE SCHEDULE I I 
Project I MUON G E M 

DETECTOR Reports TDR_SUM1 
Statua as ofs 01AUG91 
Current Date: 27APR93 
Paaei 1 

Summarv Descriotion 

30 MUON SUBSYSTEM 
Start/Finish !%Como I 1992 1993 1994 1995 

5:30.01.1 DEVELOP CHAMBER TECHNOLOGIES 

DESIGN 21SEP94 

5:30.01.2 CRAMUER PERFORMliNcc-EVJf[UA 

DESIGN 

FABRICATION 

ASSEMBLY 

DESIGN 

FABRICATION 

legend CJ Baseline 
UZl Critical 
- Float 

Baseline ~ Proiected T Actual 

01APR93 060CT94 [2J 

30SEP93 30NOV93 DI 

01APR93 I 20APR94 

01APR93 I 02FEB94 

01JUL92 I 04NOV93 

I I 
20JAN93 I 30NOV93 I I 

02FEB94 

I I I ==r I 

: : I 
I 01APR93 I 24MAR95 I I I ------

I 070CT94 I 12DEC95 I I 
I 

I 
I 23JUN95 I 29JUL97 I I I 

18MAY93 I 22NOV94 

03AUG93 I 28JUL95 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE 

1996 1997 1998 1999 2000 

I 
I 

17777777771 

Signatures 

Approved by: ------------------------
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Ol?EN l?L1\N 0 

Projeet1 HOON 
Report~ TDR_SUM1 
Stl'ltUA ftfl of! 01AUG91 
current Date1 27APR93 

_Paae 1 2 

Summarv Descriotion 

ASSEMBLY 

LEVEL Ill SUMMARY BASELINE SCHEDULE 
30 MUON SUBSYSTEM 

!Baseline Start/Finish !%Como I 1992 1993 

18NOV93 01MAY96 

WBS:30.02.3 MODUrtSUPPORT STRUCTUR 

DESIGN 

FABRICATION 

ASSEMBLY 

02SEP93 I 23JAN95 

24JAN95 I 26JAN96 

28NOV95 27DEC95 

I : :I , 
I I 

I I 

1··;;5',::. 01APR93 19AUG94 19 I 

FABRICATION 

ASSEMBLY 

DESIGN 

FABRICATION 

ASSEMBLY 

S;30.02.7 LOCAL ALIGN1 

DESIGN 

FABRICATION 

ASSEMBLY 

U--Cu-REGT01n.fCJDUITASSE, 

DESIGN 

FABRICATION 

ASSEMBLY 

DESIGN 

[egend [=:::J Baseline 
UZJ Critical 

22FEB95 26DEC95 

27DEC95 27JUN96 

I 01APR93 I 19AUG94 

I 22FEB95 I 10JAN96 

I llJAN96 I 12JUL96 

I 070CT94 I 21FEB95 

I 22FEB95 I 26DEC95 

I 27DEC95 I 22JUL97 

040CT93 10APR95 

15APR96 18MAR97 

310CT96 29JUN98 

02JUN93 25MAY95 

I 

r ----1 
I 
I 

I I 

:90 
9....------1 

I : : I 

I I 

I I 
I~-- I 

I I 

1997 1998 

G E M 
DETECTOR 

1999 2000 

Signatures 

- Float 
Baseline V Proiected 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE Approved by: ------------------------

Actual 
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OPEN PLAN 0 

Projeet1 MUON 
Reportt TDR_SUM1 
Status as oft 01AUG91 
current Date: 27APR93 
Paae1 3 

FABRICATION 

ASSEMBLY 

Summarv Descriotion 

DESIGN 

FABRICATION 

ASSEMBLY 

DESIGN 

FABRICATION 

ASSEMBLY 

INSTALLATION 

DESIGN 

FABRICATION 

Legend c::::=i Baseline 
l'.lll Critical 

LEVEL Ill SUMMARY BASELINE SCHEDULE 
30 MUON SUBSYSTEM 

G E M 
DETECTOR 

aseline Start/Finish l%Como I 1992 1993 1994 1995 1996 1997 1998 1999 2000 

18AUG93 27FEB96 

.20DEC93 300CT96 

03AUG93 24MAR95 I : : I 
12SEP95 13SEP96 

25APR95 

11JAN96 

10JAN96 

12SEP96 9c=J 
25APR95 

26JAN96 

25JAN96 

28MAY96 90 
24JAN95 

27JUN95 

26JUN95 

14MAY96 

I I 

:De? __ 
15MAY96 21MAY98 

040CT93 

28DEC95 

16JUL96 

11JAN96 

150CT96 

15JAN97 

I : : 1 I 

I I I~ 
15JUL97 10MAR98 

I I 
040CT93 I 26JUN95 

27JUN95 I 29MAY96 

ci-- I 

I :9 
Signatures 

Approved by: ------------------------- Float 
Baseline V Proiected Actual 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE 



( ' 
OPEN PLAN 0 

Project t MUON 
LEVEL Ill SUMMARY BASELINE SCHEDULE G E M 

DETECTOR Report 1 TDR_SUM1 
Status as of: 01AUG91 
current Date: 27APR93 
Paa• s 4 

Summary Descriotion 

ASSEMBLY 

INSTALLATION 

WBS:30.04.3 GLOBAL ALIGNM. 

DESIGN 

PROCUREMENT 

FABRICATION 

INSTALLATION 

WBS:30.05.1 ADMINISTRATION/O 

LEVEL OF EFFORT (LOE) 

WBS: 30. 05. 2 RESOURCE MANAGEME. 

LEVEL OF EFFORT (LOE) 

WBS:30.05.3 ES&H ASSUFUiN 

LEVEL OF EFFORT (LOE) 

LEVEL OF EFFORT (LOE) 

WBS:30.05.5 SYST 

LEVEL OF EFFORT (LOE) 

DESIGN 

legend CJ Baseline 
ml Critical 
- Float 

Baseline ~ Proiected Actual 

01APR93 28SEP99 

01APR93 28SEP99 

01APR93 28SEP99 

01APR93 28SEP99 

01APR93 28SEP99 

28SEP99 

01AUG91 29SEP93 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE 

1998 1999 2000 

Lii 

Signatures 

Approved by: ------------------------



GEM Detector GEM DETECTOR Date: 27APR93 
Report: GEM FY WBS 30 - MUON SUBSYSTEM I Proj act I HUOR 

35000 140000 

u 
0 
f' 

0 30000 120000 f' 
0 p 
0 ~ - I 

• 25000 100000 ... 
'tl ~ 
c 
' ~ 

• :r 

' 20000 80000 0 
0 ' .i: • 
" p 

~ 
c 15000 60000 II 
-~ • 
• ~ 

~ 0 
G 10000 40000 0 
n 0 
n 
0 • 
0 -5000 20000 

0 0 

FY91IFY92IFY93IFY94IFY9SIFY96IFY97IFY9BIFY99IFYOOIFY01 

Iner Bud $10k 21 128 512 1755 3531 3064 508 216 98 

Cum· Bud $10k 2 1 I 1 4 9 I 6 6 2 12 4 1 7 15 9 4 8 19 o 12 19 5 2 1 19 7 3 7 19 8 3 4 19 8 3 5 19 8 3 5 

WBS 30.01.1 $ 2, 2 5 7, 151 I PEVELOP CHAMBER TECHNOLOGIES 

WBS 30.01.2 $ 460,354 I CHAMBER PERFORMANCE EVALUATION 

WBS 30.01.3 $ 170 I 6 5 3 ornoN TRIGGER 

WBS 30.01.4 $ 308,563 I ~LIGNMENT TECHNOLOGY 

WBS 30.01.5 $ 3 2 5 I 513 I !ELECTRONICS EVALUATION 

WBS 30.01.6 $ 83,537 I SIMULATIONS 

WBS 3 0 . 0 1 . 7 $ 489,795 I RESERVED 

WBS 30.01.8 $ 2 I 412 I 5 2 2 c:==JENGINEERING (STRUCTURES I COSTS I ETC.) 

WBS 30.02.1 $5,304,672 ARREL REGION MODULE ASSEMBLY 

WBS 30.02.2 $35,945,432 ATHODE STRIP CHAMBERS 

WBS 3 0 . 0 2 . 3 $6,751,350 I MODULE SUPPORT STRUCTURES 

WBS 30.02.5 $1,668,086 AS SYSTEMS 

WBS 30.02.6 $2,111,533 OOLING SYSTEM 

WBS 30.02.7 $5, 035, 403 
WBS 30.03.1 $1,866,627 ND CAP REGION MODULE ASSEMBLY 

WBS 30.03.2 $12,995,277 ATHODE STRIP CHAMBERS 
*** PREPARED BY GEM - Project Office *** Page: 1 



--GEM Detector GEM DETECTOR Date1 27APR93 
Re ort: GEM_FY WBS 30 - MUON SUBSYSTEM Pro'ect: MUON 

FY91 FY92 FY94 FY95 FY96 FY97 FY9B FY99 FYOO FY01 

WBS 30.03.3 $3,456,543 ODULE SUPPORT STRUCTURES 

WBS 30.03.5 $ 689,488 I GAS SYSTEM 

WBS 30.03.6 $ 994,541 I ~OOLING SYSTEM 

WBS 30.03.7 $2,525,334 OCAL ALIGNMENT 

WBS 30.04.1 $2,647,750 REGION 

WBS 30.04.2 $1,793,004 ND CAP REGION 

WBS 30.04.3 $1,203,381 LOBAL ALIGNMENT 

WBS 30.05.1 $1,774,343 DMINISTRATION/OVERSIGHT 

WBS 30.05.2 $ 251,061 ESOURCE MANAGEMENT 

WBS 30.05.3 $ 502,490 S&H ASSURANCE 

WBS 30.05.4 $ 703,866 UALITY ASSURANCE PROGRAM 

WBS 30.05.5 $ 436,490 YSTEMS INTEGRATION 

WBS 30.05.6 $ 436,490 UBSYSTEM COST/SCHEDULE M 

WBS 30.06.0 ONCEPTUAL/PRELIMINARY DESIGN 

*** PREPARED BY GEM - Pro'ect Office *** Page: 2 





~ DETECTOR PROJECT 

Magnet General Physical 
Parameters Table 

Central Induction 

Inner Radius, Magnet Subsystem 

Overall Outer Radius (Outside Ribs) 

Number of Coil/Cryostat Assemblies 

Central Membrane Maximum Z 

Cryostat Inner End Minimum Z 

Cryostat Outer End Maximum Z 

Magnet Axis Height Above Hall Floor 

Operating Current 

Maximum Allowed Operating Current 

Stored Energy 

Inductance 

Number of Turns 

SENSITIVE 

0.80 T 

9.00 m 

10.9 m 

2 

300 mm 

400 mm 

15.5 m 

13.0 m 

50.2 kA 

51.0 kA 

2.5 GJ 

1.98 H 

456 

Magnet Cold Mass 
Parameters Table 

Mean Radius of Windings ' 

Length, End to End (per Half) 

Axial Force on Conductor (each Half) 

Inner Radius of Inner Ground Warp 

Inner Radius of Conductor r 

Mean Radius of Conductor 

Outer Radius of Conductor 

Bobbin Inner Radius 

Bobbin Outer Radius 

Bobbin Minimum Z 

Winding Minimum Z 

Winding Maximum Z 

Bobbin Maximum Z 

Conductor Length (total) 

Total Mass of Coil Windings (per Half) 

Total Mass Cold 4.5 degree K Structure (per Half) 

9.50 m 

14.25 m 

52 MN 

9.456 m 

' 
9.466 m 

9.5 m 

9.534 m 

9.544 m 

9.620 m 

750 mm 

804 mm 

14.946 m 

15.000 m 

27,219 m 

159 Mg 

526 Mq 



~ DETECTOR PROJECT 

Magnet Vacuum Vessel and Internal Component Parameters Table 

Cryostat Vessel Length (each Half) 15.1 m Thickness of Inner Vessel 25.5 mm 

Inner Radius, Magnet Subsystem 9.00 m Thickness of Outer Vessel 25.5 mm 

(excluding muon attachments) Thickness of Inner Thermal Shield 3.2 mm 

Overall Radius (Outside Longerons) 10.9 m Thickness of Outer Thermal Shield 3.2 mm 

(excluding lift eyes and utility connections) Height of Outer Circumferential Ribs 406.2 mm 

Inner Radius of Inner Cryostat Vessel 9.10 m Number of Circumferential Ribs per Coil Assembly 
I 

1 0 

Outer Radius of Inner Cryostat Vessel 9.1255 m Width of Flange on Circumferential Ribs 254 mm 

Inner Radius of Inner LN Shield (Avg.) 9.230 m Thickness of Web on Circumferential Ribs 9.52 mm 

Outer Radius of Inner LN Shield (Avg.) 9.993 m Height of Longerons 825.2 mm 

Inner Radius of Outer LN Shield (Avg.) 9.998 m Number of Longerons 8 

Outer Radius of Outer LN Shield (Avg.) 9.803 m Thickness of Longeron Web 76.2 mm 

Inner Radius of Outer Cryostat Vessel 10.1 m Width of Longeron Flanges 254 mm 

Outer Radius of Outer Cryostat Vessel 10.125 m Thickness of Longeron Flanges 25.4 mm 

Overall Outer Radius (Outside Longerons) 10.9 m Thickness of Vessel Ends 76.2 mm 

Cryostat Inner End Minimum Z 400 mm LN Shield Minimum Z 527 mm 

Cryostat Inner End Maximum Z 476.2 mm LN Shield Maximum Z 15.343 m 

Cryostat Outer End Minimum Z 15.424 m 

Cryostat Outer End Maximum Z 15.5 m Total Mass of Cryostat Vessel (each Half) 818 Mg 

SENSITIVE 



~ DETECTOR PROJECT 

Magnet Forward Field Shaper (FFS) 
Parameters Table 

Minimum Z 

Minimum Z, Overall 

Outer Radius at Minimum Z 

Included Angle (Taoered Section) 

fapered Section Maximum Z 

Outer Radius, Cylindrical Section 

Axial (Z) Location to Which Cone is Projective 

Inner Radius (Clear Bore) 

Axial Force on Forward Field Shaper 

Forward Field Shaper Mass 

Forward Field Shaper Support Mass 

Total Mass of FFS and Support (each Hall) 

10 m 

18 m 

1,402 mm 

18.8 deg 

16.5 m 

2,478 mm 

1,531 mm 

0.6 m 

12.2 MN 

899 Mg 

985 Mg 

1,884 Mg 

SENSITIVE 

Magnet Component 
Parameters Table 

Total Mass of Magnet Assembly (each Half) 

Cold Mass (Total) 

Cold Mass (Total, each Half) 

Per Module 

Coil Component Masses 

Bobbin 14,882 kg 

Compression Flanges r 13,875 kg 
I 

Conductor Aluminum Sheath 7,986 kg 

Conductor Conduit 1,607 kg 

Conductor Cable 1,814 kg 

Turn Insulation 1,846 kg 

Ground Warp 1,819 kg 

Number of Turns oer Module 19 

Total Coil Module Mass 43,829 kg 

Number of Coil Modules per Magnet Half 12 

Total Mass of Coil Windings (per Half) 159 Mg 

Total Mass of Cryostat Vessel (each Hall) 818 Mg 

Total Mass of FFS and Suooort (each Half) 1,884 Mg 

1,378 Mg 

1,052 Mg 

560 Mg 

Total 

357, 159 kg 

333,012 kg 

191,671 kg 

38,576 kg 

43,528 kg 

44,300 kg 

43,650 kg 

456 



90,000 

80,000 

70,000 

60,000 

~ 50,000 

[:: -~ 40,000 

30,000 

20,000 

10,000 

0 

SENSITIVE 

40.03 
Fabrication 

And 
Assembly 

40.0B Magnet 
Conc/Prelim 

Design 

WBS 40 MAGNET 
LEVEL 2 COMPONENTS 

1111111111111111111111111111111111 

40 .05 Project 
Management 

40 .02 Design 
Completion 

GEM DETECTOR PROJECT 

40.04 

DD CONTINGENCY k$ 

~ MATERIAL k$ 

• LABORk$ 

40.01 
Research & 

Development 

4/26/93 



IAGNET SUBSYSTEM 

' 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26193 

'BS Code Description WEIS Level__ Mater!al, k$ __ ManHours Labor,_k$ M t_L, k$ M11rkup, k$ % Contingency, k$ % TOTAL, k$ 

1.01 

1,01.1 

1.01.2 

1.01.3 

•.01.4 

1.02 

1.02.1 

1,02.1.1 

1,02.1.1.1 

1.02.1.1.2 

1.02.1.1.3 

1.02.1.1.4 

•.02.1.1.5 

1.02.1.1.8 

i.02.1:1.7 

.02.1.2 

.02.1.2.1 

.02.1.2.2 

1.02.1.2.3 

'.02.1.2.4 

.02.1.3 

.02.1.3.j 

'.02.1.3.1.1 

1,02.1.3.1.2 

-MAGNET 

·RESEARCH & DEVELOPMENT 

CONDUCTOR DEVELOPMENT 

JOINT DEVELOPMENT 

WINDING DEVELOPMENT 

COMPONENT DEVELOPMENT (RESERVED) 

-DESIGN COMPLETION 

-COIL ASSEMBLIES DESIGN 

-COLD MASS SUBASSEMBLIES DESIGN 

COIL FORM DESIGN 

CONDUCTOR DESIGN 

DIAGNOSTICS DESIGN 

WINDING TOOLING DESIGN 

WINDINGITESTING DESIGN 

COLD MASS ASSEMBLY/TOOLING DESIGN 

COLD MASS ASSEMBLY/TESTING DESIGN 

-VACUUM VESSEL SUBASSEMBLIES DESIGN 

VESSEL SHELLS DESIGN 

VESSEL STIFFENERS DESIGN 

VESSEL SUPPORT STRUCTURES DESIGN 

VESSEL ASSEMBLY/TESTING DESIGN 

-CRYOSTAT SUBASSEMBLY DESIGN 

-THERMAL RADIATION SHIELDS DESIGN 

LN THERMAL RADIATION SHIELDS D 

SUPERINSULATION DESIGN 

~ DETECTOR PROJECT 

01 

02 

03 

03 

03 

03 

02 

03 

04 

05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

04 

05 

06 

06 

64,787 

1,563 

n1 

221 

571 

0 

922 

524 

162 

33 

54 

4 

25 

0 

23 

23 

150 

37 

37 

37 

37 

137 

67 

46 

8 

348,234 

0 

0 

0 

0 

0 

58,575 

28,105 

10,467 

1,359 

1,453 

254 

2,614 

147 

2,840 

1,800 

7,593 

2,282 

1,600 

1,631 

2,080 

4,471 

1,555 

n4 

234 

33,232 

1,641 

807 

526 

309 

0 

3,796 

1,822 

678 

88 

92 

16 

170 

9 

185 

118 

493 

145 

105 

107 

136 

287 

99 

49 

15 

98,019 

3,204 

1,578 

747 

880 

0 

4,718 

2,346 

840 

121 

146 

20 

195 

9 

208 

141 

643 

182 

142 

144 

174 

424 

166 

95 

23 

6,029 6% 

0 0% 

0 0% 

0 0% 

0 0% 

0 0% 

374 8% 

186 8% 

67 8% 

10 8% 

12 8% 

2 8% 

15 8% 

8% 

17 8% 

11 8% 

51 8% 

14 8% 

11 8% 

11 8% 

14 8% 

34 8% 

13 8% 

8 8% 

2 8% 

SENSITIVE 

21,2n 21% 

64 2% 

32 2% 

15 2% 

18 2% 

0 0% 

1,136 22% 

648 26% 

257 28% 

33 25% 

40 25% 

7 30% 

59 28% 

3 31% 

70 31% 

47 31% 

158 23% 

45 23% 

35 23% 

36 23% 

41 22% 

84 18% 

39 22% 

23 22% 

3 12% 

Page 

125,325 

3,268 

1,609 

762 

897 

0 

6,227 

3,180 

1,164 

163 

197 

29 

269 

13 

294 

199 

851 

242 

189 

192 

229 

542 

218 

125 

28 



IAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4126193 

'BS Code Description _ _______ WBS Level Materlal._~L_ManHours Labor, k$ M + L, k$ Markup~k$_% Contingency, k$ 'ro __ _IQI.AL, k$ 

•.02.1.3.1.3 

•.02.1.3.2 

•.02.1.3.2.1 

•.02.1.3.2.2 

•.02.1.3.3 

•.02.1.3.3.1 

•.02.1.3.3.2 

1.02.1.3.3.3 

1.02.1.3.4 

1.02.1.4 

1.02.1.4.1 

1.02.1.4.2 

1.02.1.4.3 

1.02.2 

1.02.2.1 

1.02.2.2 

1.02.2.3 

1.02.2.3.1 

1.02.2.3.2 

1.02.3 

1.02.4 

1.02.4.1 

1.02.4.2, 

1.02.4.3 

1.02.4.4 

SHIELD SUPPORTSfTHERMAL INTERC 

-COLD MASS SUPPORTS DESIGN 

RADIAL RODS DESIGN 

AXIAL RODS DESIGN 

-INTERNAL CRYOGENIC SYSTEMS DESIGN 

LN PIPING AND DISTRIBUTION DES 

LHe THERMOSYPHON PIPING/DIST D 

LHe FORCED FLOW PIPING/DIST DE 

CFfYOGENIC CURRENT LEADS DESIGN 

-COIL ASSEMBLY/TESTING DESIGN 

COIL ASSEMBLY TESTING AND EQUIPME 

COIL ASSEMBLY DESIGN 

COIL TESTING DESIGN 

·FOR FIELD SHAPERSISPPTS DESIGN 

FORWARD FIELD SHAPERS DESIGN 

FFS SUPPORT STRUCTURE DESIGN 

·ASSEMBLY DESIGN 

OFF-SITE ASSEMBLY DESIGN (RESERVE 

ON-SITE ASSEMBLY DESIGN 

RESERVED 

-POWER/PROTECTION SYSTEM DESIGN 

POWER SUPPLY DESIGN 

BUSWORK DESIGN (EFD) 

BREAKERS/DUMP RESISTORS DESIGN 

DISCHARGE RESISTOR & SWITCH DESIGN 

~ DETECTOR PROJECT 

06 

05 

06 

06 

05 

06 

06 

06 

05 

04 

05 

05 

05 

03 

04 

04 

04 

05 

05 

03 

03 

04 

04 

04 

04 

13 

42 

21 

21 

25 

8 

8 

8 

4 

76 

26 

42 

8 

87 

25 

62 

0 

0 

0 

0 

17 

8 

0 

4 

4 

547 

1,094 

547 

547 

1,261 

394 

474 

394 

562 

5,574 

2,200 

2,427 

947 

9,323 

2,441 

6,415 

467 

0 

467 

0 

1,729 

441 

0 

682 

606 

35 

70 

35 

35 

82 

25 

31 

25 

36 

364 

144 

158 

61 

604 

158 

417 

30 

0 

30 

0 

112 

29 

0 

44 

39 

48 

112 

56 

56 

106 

34 

39 

34 

40 

440 

170 

200 

70 

691 

183 

479 

30 

0 

30 

0 

128 

37 

0 

48 

44 

4 8% 

9 8% 

4 8% 

4 8% 

8 8% 

3 8% 

3 8% 

3 8% 

3 8% 

35 8% 

14 8% 

16 8% 

6 8% 

55 8% 

15 8% 

38 8% 

2 8% 

0 0% 

2 8% 

0 0% 

10 8% 

3 8% 

0 0% 

4 8% 

3 8% 

SENSITIVE 

13 26% 

21 17% 

10 17% 

10 17% 

18 16% 

6 16% 

7 16% 

6 16% 

6 14% 

149 31% 

51 28% 

73 34% 

24 32% 

121 16% 

32 16% 

83 16% 

7 22% 

0 0% 

7 22% 

0 0% 

22 16% 

5 12% 

0 0% 

9 18% 

8 16% 

Page 2 

65 

141 

71 

71 

133 

42 

49 

42 

50 

623 

235 

289 

99 

867 

229 

600 

39 

0 

39 

0 

160 

45 

0 

61 

54 



IAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4/26193 

IBSCode Description WBS Level Mat1trlal, k$ .. M~nHours Labor, k$ M + L, k$ _ Markup._lt_% Contingency, k$ % TOTAL, k$ 

1.02.5 

1.02.5.1 

1.02.5.1.1 

1.02.5.1.2 

1.02.5.1.3 

1.02.5.2 

1.02.5.2.1 

1.02.5.2.1.1 

1.02.5.2.1.2 

1.02.5.2.1.3 

1.02.5.2.1.3.1 

1.02.5.2.1.3.2 

1.02.5.2.1.4 

l.02.5.2.1.5 

1.02.5.2.2 

1.02.s.2.2.1 

1.02.5.2.2.2 

1.02.5.2.3 

1.02.5.2.3.1 

1.02.5.2.3.2 

1.02.S 

1.02.S.1 

1.02.6.2, 

1.02.7 

).02.7.1 

.CRYOGENICS DESIGN (EFD) 

-LIQUID NITROGEN SYSTEM DESIGN (EFD) 

LN STORAGE DEWAR DESIGN (EFD) 

SUBCOOLER DESIGN (EFD) 

LN PIPING AND DISTRIBUTION DESIGN 

-LIQUID HELIUM SYSTEM DESIGN (EFD) 

-LIQUID HELIUM SUPPLY DESIGN (EFD) 

HELIUM REFRIGERATION DESIGN (E 

(He SUPPLY PIPING/DISTRIBUTION 

-HELIUM RECOVERY SYSTEM DESIGN 

GAS BAG & ASSOC COMP (EFD) 

RECOVERY COMPRESSOR (EFD) 

HELIUM PURIFICATION DESIGN (EF 

GAS STORAGE DESIGN (EFD) 

-THERMOSYPHON SYSTEM DESIGN (EFD) 

MAGNET STORAGE AND SUPPLY DEWA 

LHe THERMOSYPHON DISTRIBUTION 

-FORCED FLOW SYSTEM DESIGN (EFD) 

SUB.COOLER DESIGN (EFD) 

FORCED FLOW DISTRIBUTION DESIG 

-MAGNET VACUUM SYSTEM DESIGN 

VACUUM PUMPS DESIGN 

VACUUM PIPING DESIGN 

-MAGNET CONTROL SYSTEMS DESIGN 

POWER CONTROLS DESIGN 

~ DETECTOR PROJECT 

03 

04 

05 

05 

05 

04 

05 

06 

06 

06 

07 

07 

06 

06 

05 

06 

06 

05 

06 

06 

03 

04 

04 

03 

04 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

21 

5 

16 

13 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3,393 

1,033 

2,360 

1,223 

374 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

219 

68 

152 

79 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

240 

73 

167 

92 

32 

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% 

19 8% 

6 8% 

13 8% 

7 8% 

3 8% 

SENSITIVE 

0 0% 

0 0% 

0 0% 

0 O"k 

0 O"/o 

0 O"k 

0 0% 

0 O"k 

0 O"/o 

0 O"k 

0 0% 

0 0% 

0 0% 

0 O"k 

0 O"k 

0 0% 

0 O"k 

0 O"/o 

0 0% 

0 O"k 

30 11% 

8 10% 

22 12% 

17 17% 

6 16% 

Page 3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

289 

87 

202 

116 

41 



IAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4126/93 

'BS Code Description WBS Level Materlal, k$ ManHours Labor, k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

i.02.7.2 

•.02.7.3 

•.02.7.4 

·.02.7.5 

•.02.8 

.02.9 

.02.9.1 

.02.9.1.1 

.02.9.1.2 

.02.9.1.3 

·.02.9.1.4 

i.02.9.2 

•.02.9.2.1 

.02.9.2.2 

.02.9.2.3 

.02.e.2.3.1 

.02.9.2.3.2 

.02.9.2.4 

.02.9.2.5 

.02.9.3 

.03 

.03.1 

.03.1.1, 

.03.1.1.1 

.03.1.1.2 

PROTECTION CONTROLS DESIGN 

CYROGENICS CONTROLS DESIGN (EFD) 

VACUUM CONTROLS DESIGN (EFD) 

QUENCH DET AND DIAG DESIGN (EFD) 

RETURN FIELD MmGATION DESIGN 

-INSTALLATION TESTING/TOOLING DESIGN 

-INSTALLATION TOOLING DESIGN 

COIL ASSEMBLIES TOOLING DESIGN 

RE!:lERVED 

FORWARD FIELD SHAPERS TOOLING DES 

TESTING EQUIPMENT DESIGN 

-INSTALLATION DESIGN 

SOLENOID MAGNET INSTALLATION DESI 

PPS INSTALLATION DESIGN (RESERVED 

-CVROGENICS SYSTEM INSTALLATION DE 

LN SYSTEM INSTALLATION DESIGN 

LHe SYSTEM INSTALLATION DESIGN 

VACUUM SYSTEM INSTALLATION DESIGN 

CONTROL SYSTEM INSTALLATION DESIG 

TESTING DESIGN (RESERVED) 

-FABRICATION AND ASSEMBLY 

-COIL ASSEMBLIES FABIASSY 

-COLD MASS SUBASSEMBLIES FAB/ASSY 

COIL FORM FAB/ASSY 

CONDUCTOR FAB/ASSY 

~ DETECTOR PROJECT 

04 

04 

04 

04 

03 

03 

04 

05 

05 

05 

05 

04 

05 

05 

05 

06 

06 

05 

05 

04 

02 

03 

04 

05 

05 

4 

0 

0 

0 

31 

230 

121 

57 

0 

47 

17 

109 

94 

0 

0 

0 

0 

16 

0 

0 

60,749 

38,935 

19,380 

9,084 

7,663 

409 

0 

0 

441 

547 

14,255 

10,123 

4,128 

0 

4,128 

1,867 

4,132 

2,952 

0 

0 

0 

0 

1,180 

0 

0 

159,177 

144,339 

98,663 

1,136 

3,964 

26 

0 

0 

29 

35 

924 

657 

268 

0 

268 

122 

268 

192 

0 

0 

0 

0 

76 

0 

0 

4,883 

4,304 

2,850 

69 

150 

31 

0 

0 

29 

66 

1,154 

777 

325 

0 

314 

138 

377 

285 

0 

0 

0 

0 

91 

0 

0 

65,632 

43,239 

22,230 

9,153 

7,813 

2 8% 

0 0% 

0 0% 

2 8% 

5 8% 

91 8% 

62 8% 

26 8% 

0 0% 

25 8% 

11 8% 

30 8% 

23 8% 

0 0% 

0 0% 

0 0% 

0 0% 

7 8% 

0 0% 

0 0% 

5,059 8% 

3,333 8% 

1,713 8% 

706 8% 

602 8% 

SENSITIVE 

5 16% 

0 0% 

0 0% 

6 20% 

11 16% 

287 23% 

185 22% 

77 22% 

0 0% 

75 22% 

33 22% 

103 25% 

80 26% 

0 0% 

0 0% 

0 0% 

0 0% 

23 23% 

0 0% 

0 0% 

17,940 25% 

11,885 26% 

6,453 27% 

2,465 25% 

2,104 25% 

Page 4 

38 

0 

0 

37 

83 

1,533 

1,023 

427 

0 

414 

182 

509 

388 

0 

0 

0 

0 

121 

0 

0 

88,631 

58,457 

30,396 

12,323 

10,519 



' 

v'IAGNET SUBSYSTEM 

' 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4126193 

VBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

0.03.1.1.3 

0.03.1.1.4 

0.03.1.1.5 

0.03.1.1.8 

0.03.1.1.7 

0.03.1.2 

0.03.1.2.1 

0.03.1.2.2 

0.03.1.2.3 

0.03.1.2.4 

0.03.1.3 

0.03.1.3.1 

0.03.1.3.1.1 

0.03.1.3.1.2 

0.03.1.3.1.3 

0.03.1.3.2 

0.03.1.3.2.1 

).03.1.3.2.2 

).03.1.3.3 

0.03.1.3.3.1 

B.03.1.3.3.2 

B.03.1.3.3.;l 

).03.1.3,4 

).03.1.4 

).03.1.4.1 

DIAGNOSTICS FABIASSY 

WINDING TOOLING FABIASSY 

WINDING/TESTING 

COLD MASS ASSEMBL YITOOLING FABIAS 

COLD MASS ASSEMBLY/TESTING 

-VACUUM VESSEL SUBASSEMBUES FABIASSY 

VESSEL SHELLS FABIASSY 

VESSEL STIFFENERS FABIASSY 

VESSEL SUPPORT STRUCTURES FABIASS 

ASSEMBL YITESTING 

-CRYOSTAT SUBASSEMBLY FABIASSY 

-THERMAL RADIATION SHIELDS FABIASS 

LN THERMAL RAD SHIELDS FABIASS 

SUPERINSULATION FABIASSY 

SHIELD SUP'TSITHERM. INTERCEPT 

-COLD MASS SUPPORTS 

RADIAL RODS FABIASSY 

AXIAL RODS FABIASSY 

-INTERNAL CRYOGENIC SYSTEMS FABIAS 

LN PIPING AND DISTRIBUTION FAB 

LHE THERMOSYPHON PIPING/DIST F 

LHe FORCED FLOW PIPING/DIST FA 

CRYOGENIC CURRENT LEADS FABIASSY 

-COIL ASSEMBL YITESTING 

ASSY AND TEST EQUIPMENT FABIASSY 

~ DETECTOR PROJECT 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

04 

05 

06 

06 

06 

05 

06 

06 

05 

06 

06 

06 

05 

04 

05 

27 

1,184 

987 

156 

279 

11,567 

4,542 

3,282 

2,296 

1,448 

3,854 

1,203 

882 

56 

266 

2,464 

914 

1,550 

24 

8 

8 

8 

162 

4,135 

363 

0 

13,142 

47,940 

0 

32,480 

5,145 

1,617 

1,029 

735 

1,764 

2,051 

985 

735 

0 

250 

934 

659 

275 

132 

44 

44 

44 

0 

38,480 

882 

0 

349 

1,299 

0 

984 

310 

98 

62 

44 

106 

124 

59 

44 

0 

15 

56 

40 

17 

8 

3 

3 

3 

0 

1,020 

53 

27 

1,533 

2,285 

156 

1,264 

11,8n 

4,639 

3,344 

2,340 

1,554 

3,9n 

1,263 

926 

56 

281 

2,520 

954 

1,567 

32 

10 

11 

11 

162 

5,155 

417 

2 8% 

118 8% 

176 8% 

12 8% 

97 8% 

916 8% 

358 8% 

258 8% 

180 8% 

120 8% 

307 8% 

97 8% 

71 8% 

4 8% 

22 8% 

194 8% 

74 8% 

121 8% 

3 8% 

8% 

8% 

8% 

13 8% 

397 8% 

32 8% 

SENSITIVE 

9 30% 

578 35% 

763 31% 

59 35% 

476 35% 

2,917 23% 

1,149 23% 

828 23% 

555 22% 

385 23% 

800 19% 

305 23% 

219 22% 

7 12% 

79 26% 

462 17% 

175 17% 

287 17% 

6 16% 

2 16% 

2 16% 

2 16% 

28 16% 

1,715 31% 

126 28% 

Page 5 

38 

2,229 

3,224 

227 

1,837 

15,710 

6,146 

4,430 

3,075 

2,059 

5,084 

1,665 

1,217 

68 

381 

3,176 

1,202 

1,975 

40 

13 

14 

14 

202 

7,267 

574 



AAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4/26193 

VBSCode Description WBS l..evel _M~terlal, k$ ManHours Labo_r ... k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

0.03.1.4.2 

0.03.1.4.3 

0.03.2 

J.03.2.1 

J.03.2.2 

).03.2.3 

).03.2.3.1 

J.03.2.3.2 

).03.3 

).03.4 

>.03.4.1 

),03.4.2 

).03.4.3 

1.03.4.4 

1.03.S 

l.03.5~1 

l.03.5.1.1 

1.03.5.1.2 

1.03.5.1.3 

1.03.5.2 

l.03.5.2.1 

).03.5.2.1.1 

l.03.5.2., .2 

1.03.5.2.1.3 

1.03.5.2.1.4 

ASSEMBLY 

TESTING 

-FOR FIELD SHAPERSISPPTS FAB/ASSY 

FORWARD FIELD SHAPERS FAB/ASSY 

FFS SUPPORT smUCTURE FABIASSY 

-ASSEMBLY 

OFF-81TE ASSEMBLY (RESERVED) 

ON-SITE ASSEMBLY 

RESEftVED 

-POWER/PROTECTION SYSTEM FABIASSY 

POWER SUPPLY FABIASSY (EFD) 

BUSWORK FABIASSY (EFD) 

BREAKERS/DUMP RESISTORS FABIASSY 

DISCHARGE RESISTOR & SWITCH FABIASSY 

-CRYOGENICS FABIASSY 

-LIQUID NITROGEN SYSTEM FABIASSY 

LN STORAGE DEWAR FABIASSY 

RESERVED 

LN PIPING AND DISmlBUTION FABIAS 

-LIQUID HELIUM SYSTEM FABIASSY 

-LIQUID HELIUM SUPPLY FABIASSY 

HELIUM REFRIGERATOR FABIASSY 

LIQUID He SUPPLY PIPING FAB/AS 

RESERVED 

HELIUM PURIFICATION FABIASSY ( 

~ DETECTOR PROJECT 

05 

05 

03 

04 

04 

04 

05 

05 

03 

03 

04 

04 

04 

04 

03 

04 

05 

05 

05 

04 

05 

06 

06 

06 

06 

3,323 

449 

9,498 

7,843 

1,645 

10 

0 

10 

0 

1,046 

270 

194 

374 

208 

9,448 

624 

415 

0 

209 

8,824 

7,644 

6,230 

168 

0 

208 

31,267 

6,331 

9,684 

3,557 

2,352 

3,n5 

0 

3,n5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

791 

176 

389 

126 

142 

121 

0 

121 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,114 

624 

9,887 

7,969 

1,787 

132 

0 

132 

0 

1,046 

270 

194 

374 

208 

9,448 

624 

415 

0 

209 

8,824 

7,644 

6,230 

168 

0 

208 

317 8% 

48 8% 

762 8% 

614 8% 

138 8% 

10 8% 

0 0% 

10 8% 

0 0% 

81 8% 

21 8% 

15 8% 

29 8% 

16 8% 

728 8% 

48 8% 

32 8% 

0 0% 

16 8% 

680 8% 

589 8% 

480 8% 

13 8% 

0 0% 

16 8% 

SENSITIVE 

1,374 31% 

215 32% 

3,156 30% 

1,373 16% 

1,752 91% 

31 22% 

0 0% 

31 22% 

0 0% 

206 18% 

35 12% 

63 30% 

73 18% 

36 16% 

2,305 23% 

126 19% 

72 16% 

0 0% 

54 24% 

2,179 23% 

1,909 23% 

1,544 23% 

43 24% 

0 0% 

54 24% 

Page 6 

5,805 

888 

13,805 

9,956 

3,m 

173 

0 

173 

0 

1,332 

326 

272 

475 

260 

12,481 

798 

519 

0 

279 

11,683 

10,142 

8,254 

224 

0 

2n 



~AGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4126193 

/BS Code Description WBS Level Material, k$ __ ManHours Labor, k$ M + L.._k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

).03.5.2.1.5 

).03.5.2.2 

).03.5.2.2.1 

).03.5.2.2.2 

>.03.5.2.3 

).03.5.2.3.1 

).03.5.2.3.2 

l.03.8 

l.03.8.1 

1.03.8.2 

l.03.7 

>.03.7.1 

).03.7.2 

1.03.7.3 

1.03.7.4 

1.03.7.5 

l.03.8 

).03.9 

).03.9.1 

l.03.9.2 

).03.9.3 

).03.9.4 

).04 

1.04.1 

1.04.1.1 

GAS STORAGE FAB/ASSY (EFD) ' 

·THERMOSYPHON SYSTEM FAB/ASSY 

MAGNET STOA. AND SUP. DEWAR FA 

LHE THERMOSYPHON DISTRIBUTION 

-FORCED-FLOW SYSTEM FAB/ASSY 

LHe SUBCOOLER FAB/ASSY (EFD) 

FORCED-FLOW DISTRIBUTION FABIA 

·MAGNET VACUUM SYSTEM FAB/ASSY 

VACOUM PUMPS FAB/ASSY 

VACUUM PIPING FAB/ASSY 

-MAGNET CONTROL SYSTEMS FAB/ASSY 

POWER CONTROLS FAB/ASSY 

PROTECTION CONTROLS FAB/ASSY 

CRYOGENICS CONTROLS FAB/ASSY 

VACUUM CONTROLS FAB/ASSY 

OENCH DET AND DIAG FAB/ASSY 

RETURN FIELD MmGATION FAB/ASSY 

·INSTALLATION TESTING/TOOLING FAB/ASSY 

COIL ASSEMBLIES TOOLING FABIASSY 

RESERVED 

FORWARD FIELD SHAPERS TOOLING FABIAS 

TESTING EQUIPMENT FAB/ASSY 

-INSTALLATION AND SYSTEM TESTING FAB/ASSY 

-INSTALLATION 

-SOLENOID MAGNET INSTALLATION 

~ DETECTOR PROJECT 

06 

05 

06 

06 

05 

06 

06 

03 

04 

04 

03 

04 

04 

04 

04 

04 

03 

03 

04 

04 

04 

04 

02 

03 

04 

1,038 

948 

540 

408 

232 

26 

206 

572 

187 

385 

263 

42 

36 

36 

71 

78 

52 

935 

312 

0 

260 

363 

987 

961 

561 

0 

0 

0 

0 

0 

0 

0 

1,029 

294 

735 

0 

0 

0 

0 

0 

0 

0 

4,126 

3,743 

0 

294 

88 

58,302 

47,767 

19,860 

0 

0 

0 

0 

0 

0 

0 

64 

19 

44 

0 

0 

0 

0 

0 

0 

0 

126 

103 

0 

18 

5 

1,784 

1,316 

542 

1,038 

948 

540 

408 

232 

26 

206 

636 

206 

430 

263 

42 

36 

36 

71 

78 

52 

1,061 

415 

0 

2n 

369 

2,no 

2,2n 

1,103 

80 8% 

73 8% 

42 8% 

32 8% 

18 8% 

2 6% 

16 6% 

49 6% 

16 6% 

33 6% 

20 6% 

3 8% 

3 6% 

3 8% 

6 6% 

6 6% 

4 6% 

62 6% 

32 6% 

0 Oo/o 

21 6% 

28 6% 

214 6% 

176 6% 

85 6% 

SENSITIVE 

268 24% 

210 21% 

105 16% 

106 24% 

60 24% 

7 24% 

53 24% 

76 11% 

22 10% 

56 12% 

51 18% 

7 16% 

6 16% 

9 22% 

12 16% 

17 20% 

9 16% 

251 22% 

96 22% 

0 Oo/o 

66 22% 

67 22% 

673 23% 

566 23% 

309 26% 

Page 7 

1,387 

1,231 

686 

545 

309 

35 

275 

763 

244 

518 

334 

52 

45 

48 

89 

101 

65 

1,394 

545 

0 

364 

485 

3,656 

3,018 

1,497 



i/IAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4/26193 

VBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Markup, k$ 'Yo Contingency, k$ 'Yo TOTAL, k$ 

0.04.1.1.1 

0.04.1.1.2 

0.04.1.1.3 

0.04.1.2 

0.04.1.3 

0.04.1.3.1 

0.04.1.3.2 

0.04.1.4 

0.04.1.5 

0.04.2 

0.04.3 

0.05 

0.05.1 

0.05.1.1 

0.05.1.2 

Q.05.2 

0.05.3 

0.05.4 

Q.05.5 

0.05.5.1 

0.05.5.2 

0.05.5.3 

Q.08 

).06.1 

0.06.2 

COILASSY 

RESERVED 

FFS 

POWER/PROT SYS INST (EFD) 

-CRYOGENIC SYSTEM INSTALLATION 

LN SYSTEM INSTALLATION (EFD) 

LHE SYSTEMS INSTALLATION (EFD) 

VACUUM SYSTEM INSTALLATION 

CON'rROL SYSTEM INSTALLATION (EFD) 

TESTING 

OPERATION & MAINTENANCE PROCEDURE (RESE 

-PROJECT MANAGEMENT 

-PROJECT MGMT AND ADMIN 

TECHNOLOGY TRANSFER (RESERVED) 

ENGINEERING & MGMNT OVERSIGHT 

PROJECT CONTROL 

ES&H 

QUALITY ASSURANCE 

-SYSTEM ENGINEERING 

REQUIREMENTS AND ANALYSIS 

CONFIGURATION MANAGEMENT (RESERVED) 

INTERFACE MANAGEMENT (RESERVED) 

-MAGNET CONCIPREUM DESIGN 

PRE LOI ENGINEERING/DESIGN 

-LOI TO TECH DESIGN REPORT (TOR) 

~ DETECTOR PROJECT 

05 

05 

05 

04 

04 

05 

05 

04 

04 

03 

03 

02 

03 

04 

04 

03 

03 

03 

03 

04 

04 

04 

02 

03 

03 

229 

0 

332 

73 

156 

78 

78 

156 

16 

26 

0 

121 

0 

0 

0 

21 

25 

25 

50 

50 

0 

0 

446 

0 

446 

9,930 

0 

9,930 

3,924 

8,820 

4,410 

4,410 

12,793 

2,370 

10,534 

0 

72,180 

45,600 

0 

45,600 

14,176 

3,544 

4,430 

4,430 

4,430 

0 

0 

0 

0 

0 

271 

0 

271 

96 

216 

108 

108 

404 

58 

468 

0 

5,8n 

3,813 

0 

3,813 

1,027 

296 

370 

370 

370 

0 

0 

15,252 

475 

14,7n 

500 

0 

603 

169 

372 

186 

186 

560 

74 

494 

0 

5,997 

3,813 

0 

3,813 

1,047 

321 

395 

420 

420 

0 

0 

15,698 

475 

15,223 

39 8% 

0 0% 

47 8% 

13 8% 

29 8% 

14 8% 

14 8% 

43 8% 

6 8% 

38 8% 

0 0% 

383 6% 

244 6% 

0 0% 

244 6% 

67 6% 

21 6% 

25 6% 

27 6% 

27 6% 

0 ()",{, 

0 ()",{, 

0 O"/o 

0 ()",{, 

0 ()",{, 

SEr~SITIVE 

140 26% 

0 0% 

169 26% 

26 14% 

76 19% 

38 19% 

38 19% 

139 23% 

17 22% 

106 20% 

0 ()",{, 

1,160 18% 

811 20% 

0 0% 

811 20% 

167 15% 

51 15% 

63 15% 

67 15% 

67 15% 

0 ()",{, 

0 0% 

305 2% 

0 O"/o 

305 2% 

Page 8 

678 

0 

819 

207 

476 

238 

238 

741 

97 

638 

0 

7,540 

4,868 

0 

4,868 

1,281 

393 

484 

514 

514 

0 

0 

16,002 

475 

15,527 



AAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26.193 

VBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL, k$ 

0.08.2.1 

0.08.2.1.1 

0.08.2.1.1.1 

0.08.2.1.1.1.1 

0.08.2.1.1.1.1.1 

0.08.2.1.1.1.1.2 

3.08.2.1.1.1.1.3 

D.08.2.1.1.1.1.4 

0.08.2.1.1.1.2 

D.08.2.1.1.1.3 

D.08.2.1.1.1.4 

).08.2.1.1.1.5 

).08.2.1.1.1.8 

).08.2.1.1.1.7 

).08.2.1.1.2 

).08.2.1.1.3 

l.08.2.1.2 

l.08.2.1.3 

).08.2.1.4 

).08.2.1.5 

).08.2.1.7 

l.08.2.1.8 • 

>.08.2.2, 

).08.2.2.1 

).08.2.2.2 

-PRELIMINARY DESIGN 

-SOLENOID MAGNET 

-COIL ASSEMBLIES 

-COIL SUBASSEMBLIES 

COIL FORM 

CONDUCTOR 

RESERVED 

WINDING TOOLING 

'THERMAL RADIATION SHIELDS 

VACUUM VESSEL SUBASSEMBLIES 

COLD MASS SUPPORTS 

INTERNAL CRYOGENIC SYSTEMS 

CRYOGENIC CURRENT LEADS 

ASSY/fESTING EQUIPMENT 

END POLES/SUPPORTS 

DETECTOR SUPPORTS 

POWER/PROTECTION SYSTEM 

CRYOGENICS 

VACUUM SYSTEM 

MAGNET CONTROL SYSTEMS 

INSTALLATION TOOLING 

CONV/fECHNICAL FACILITIES 

-ANALYSIS 

MAGNETIC FIELD/FORCE ANAL 

SYSTEM THERMAL ANAL 

~ DETECTOR PROJECT 

04 

05 

06 

07 

08 

08 

08 

08 

07 

07 

07 

07 

07 

07 

06 

06 

05 

05 

05 

05 

05 

05 

04 

05 

05 

357 

311 

302 

219 

133 

47 

0 

39 

12 

20 

18 

18 

11 

4 

9 

0 

8 

18 

3 

12 

5 

0 

89 

30 

17 

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 

10,706 

10,166 

9,861 

8,634 

1,767 

3,646 

0 

3,222 

197 

279 

272 

125 

95 

260 

281 

24 

106 

176 

36 

100 

49 

72 

559 

156 

146 

11,063 

10,477 

10,163 

8,853 

1,900 

3,693 

0 

3,261 

209 

299 

290 

143 

106 

264 

290 

24 

114 

194 

39 

112 

54 

72 

648 

186 

163 

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 O"/o 

0 ()",{, 

0 ()",{, 

SEr~SITIVE 

221 2% 

210 2% 

203 2% 

177 2% 

38 2% 

74 2% 

0 0% 

65 2% 

4 2% 

6 2% 

6 2% 

3 2% 

2 2% 

5 2% 

6 2% 

2% 

2 2% 

4 2% 

2% 

2 2% 

2% 

2 2% 

13 2% 

4 2% 

3 2% 

Page 9 

11,284 

10,687 

10,366 

9,030 

1,938 

3,767 

0 

3,326 

213 

305 

295 

146 

108 

269 

296 

25 

117 

198 

40 

114 

55 

74 

661 

189 

167 



IAGNET SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4126193 

'BS Code Description WBS Le_'[el__ Material, k$ ManHours ___ Labor, k$ M + L, k$ Markup, k$ % Contingency, k$ % TOTAL._k$ 

1.06.2.2.3 

1.06.2.2.4 

1.06.2.2.5 

1.06.2.3 

1.06.2.4 

SYSTEM STRUCTURAL ANAL 

MAGNETIC SHIELDING ANAL 

RESERVED 

TOR PREPARATION 

MAGNET SUBSYS MGMTnNT 

~ DETECTOR PROJECT 

05 

05 

05 

04 

04 

42 

0 

0 

0 

0 

0 

0 

0 

0 

0 

209 

48 

0 

145 

3,367 

251 

48 

0 

145 

3,367 

0 0% 

0 0% 

0 0% 

0 0% 

0 0% 

SENSITIVE 

5 2% 

2% 

0 0% 

3 2% 

67 2% 

Page 10 

256 

49 

0 

147 

3,435 



OPEN PLAN 0 LEVEL I I SUMMARY BASELINE SCHEDULE 
Projectt MAGNE'l' G E M 
=tepot; t t TDR_SUMl DETECTOR StatUA ""' of1 15AUG91 40 GEM MAGNET :urrent Date 1 27APR93 
Paae 1 1 

I I I I I I 
Summarv Descrintion Baseline Start/Finish %Comp 1992 1993 1994 1995 1996 1997 1998 

BS:40.01 RESEARCH & DEVELOPMENT 
I I I I I I 
I I I I I 

JESIGN 01MAY92 31DEC93 I 
I I I I I 

6/:i:40.02 DESIGN 1,;UMt'LEllUIV 
I 

: 
I I I I 

JESIGN 31MAR93 01DEC94 I I 
I 

D 
I I I I 

'ROCUREMENT 01JUN93 30JUL93 
I I I I I I 

BS:40.03 FABRICATION ANO AS~ 
I I I I I I 

'ROCUREMENT 20AUG93 26APR95 I I 
I I I I I 

~ABRICATION 02AUG93 27NOV96 I I 
I I I I I 

ISSEMBLY 02FEB94 30MAY97 I IZ22 ZZ 2ZZZZ 2 ZZ2 ZZZZZZ 2ZZZZZZZ ZZI I 
I I I ' I I 

9S:40.04 IN::ilALLAI IUIV ANU ::iT::ilCM lt/:il f /'11.J 

I I I I I 
INSTALLATION 07JUL95 300CT98 I I Ill/I II Ill I I I I I 

I I I I I 
9S: 4 0 . 0 5 PROJECT MANAGEMEN 1 

I I I I I I 
.EVEL OF EFFORT (LOE} 07JUN93 03APR97 I I 

I I I I 
9S:40.06 MAGNET CONCTPRELIM DESIGN 

I I I I I I 
IESIGN 15AUG91 02MAY94 IZZZZZZZZZZZZZZ~I 

I I I I I I 
.EVEL OF EFFORT (LOE} 02DEC91 04JUN93 I 

I I I I I I 

I I I I I I 
I I I I I I 

' I I I I I I . 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

.egend D Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT ?ll .ii]~ <im~l\f ·. fr·~·)·1·t· ~i-· UZI Critical . . !!i. , )... • ,i . 1 l 
A rn. ,. a - ~ , .'!::! 

- Float GEM · PROJECT OFFICE pp ~ ~n ~tl~~~- · - . -t----1 Baseline V Proiected T Actual 



- LEVEL I I I SUMMARY BASELINE SCHEDULE OPEN PLAN 0 

'ro:tect r MAGNET G E M 
teport t TDR_SUM1 DETECTOR ;tatua as of: 15AUG91 40 GEM MAGNET :urrent Date: 27APR93 
,aae' 1 

I I I I I I 
Summary Description Baseline Start/Finish %Como 1992 1993 1994 1995 1996 1997 1998 

9S:40.01.1 CONDUCTOR DEVELOPMENT R&D 
I I I I I I 

I I I I I 
IESIGN 01SEP92 31DEC93 I 

I I I I I 
35:40.01.2 JOINT DEVErDPMENr-R&D 

I I I I I I 
IESIGN 1SJUL92 07JUN93 I I 

I I I I I I 
35:40.01.3 WINDING DEVELOPME~&u 

I I I I I I 
IESIGN 01MAY92 19MAR93 I I 

I I I I I I 
15: 4 0. 02. 1 COIL ASSEMBL I ES DESTGrr-

I 

~ 
I I I I 

IESIGN 01JUN93 04MAY94 
I I I I I 

'ROCUREMENT 01JUN93 30JUL93 
I I I I I I I 

15:40.02.2 FORWXRD FIELD SHAPER ASSEM :IL r ut::H1.11, 
I C=3 I I I I I 

1ESIGN 26APR93 200CT93 
I I I I I I 

15:40.02.4 PCNfER PROTECTION SYSTEM DE ;t l.JIY 

I I I I I I 
•ESIGN 31MAR93 1SDEC93 I I 

I I I I I 
15:·40.02.5 CRYOGENICS DtSllilY 

I I I I I I 
ESIGN 30JUL93 OSMAY94 I I 

I I I I I 
15:40.02.6 MAGNc1 VAL'UUM ::H;,lcm Ut;,fuv 

I c=JI I I I I 
·ESIGN 01JUN93 01DEC93 

I I I I I I 
15:40.02.7 MAGNET CONTROL SYSTEM DESI JIY 

I I I I I I 
'ESIGN 04MAY93 21JAN94 I I 

I I I I I 
IS:4V.02.B RETURN FIELD MITIGATION DE ~ IUIY 

I I I I I I 
·ESIGN 01JUN93 04NOV94 I I I I I I I 
j::i:4U.Ul.~ ltv;,IALLAI IVIV AIVIJ TESTllYl.i D r::HlilY 

I I I I I I 
IESIGN 19AUG93 01DEC94 I I 

I I I I I 
IS: 40. 03. 1 CU/rAS::itMtsL Ii::; •' 

egend c=J Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT 'Pi ~r s~,"~lV c m:J Critical ~ \J ~-~ t t - Float GEM · PROJECT OFFICE Ap . . ~ - . - ~-----
·Baseline IJ Projected Y Actual 



OPEN PLAN 0 

Project 1 MAGNET 
Reportt TDR_SUM1 
status as oft 15AU091 
Current Date1 27APR93 

LEVEL Ill SUMMARY BASELINE SCHEDULE 
40 GEM MAGNET 

G E M 
DETECTOR 

Paa•• 2 

Summarv Description 

PROCUREMENT 

FABRICATION 

ASSEMBLY 

'BS: 40. 03. 2 FORWARD Fl ELD SHAPERSTSPPT. 

PROCUREMENT 

FABRICATION 

4SSEMBLY 

. . 
~ROCUREMENT 

~ABRICATION 

BS: 4 0. 0 3 • 5 CR 

'ROCUREMENT 

:ABRICATION 

ISSEMBLY 

BS:40.03.6 MAGN 

'ROCUREMENT 

:ABRICATION 

3S: 4 0 • 0 3 • 7 MAGN 

'ROCUREMENT 

:ABRICATION 

35:40.03.8 RETURN FIELD MITIGATIO, 

:ABRICATION 

~S:40.03.9 INSTALLATION TOOLING & TES 

iBaseline Start/Finish l\Como I 1992 

20AUG93 03JUN94 

02AUG93 250CT95 

02FEB94 240CT96 

21NOV94 20FEB95 

21FEB95 27NOV96 

28NOV96 30MAY97 

20JUL94 20DEC94 

21DEC94 25APR96 

I 03MAR94 I 200CT94 

04AUG94 24NOV95 

25AUG95 26JUL96 

05AUG94 04NOV94 

07NOV94 06JUL95 

24AUG94 26APR95 

13MAR95 27SEP95 

I 07NOV94 I 17MAY96 

1993 1994 1995 1996 1997 1998 

I I I 

C=r= I I 
11 111111111tzuzuz1111fl111111771 I 

[[J 

I I 
I I [C=:J 

c=:JI 
II I I 

I I I I 
I I I 11 

I I I I I 

DI 
I I I 

I --CJ 

I I I 

[I u-- T I 

.egend D Baseline 
f7Zl Critical 
- Float 

Baseline V Proiected Actual 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE ApprSfi,fmllVt---



OPEN PLAN 0 

tro j •Ct I MAGNET 
taport t TDR_SUMl 
ltatua as of 1 1SAUG91 
:urrent Datei 27APR93 
1aa• 1 3 

'ROCUREMENT 

~ABR ICAT ION 

ISSEMBLY 

Summarv Descriotion 

NSTALLATION 

NSTALLATION 

LEVEL Ill SUMMARY BASELINE SCHEDULE 
4 0 GEM MAGNET 

!Baseline Start/Finish l%Como I 1992 1993 1994 1995 

03NOV94 I 02FEB95 

03FEB95 I 08NOV96 

08NOV95 I 17JUN96 

07JUL95 I 300CT98 

11NOV9 6 I 1OAPR97 

~5:40.04.3 OPERATTON AND MAI 

NSTALLATION 20MAR97 I 26MAR97 

1S :-4U-:U5. 1 PRUJEC:T-MGM~N 

EVEL OF EFFORT (LOE} 

EVEL OF EFFORT (LOE} 

EVEL OF EFFORT (LOE} 

IS: 40. 05. 4 QUALi TY ASSUH. 

EVEL OF EFFORT (LOE} 

15:40.US.5-S 

EVEL OF EFFORT (LOE} 

ESIGN 

07JUN93 I 03APR97 

07JUN93 I 03APR97 

07JUN93 I 03APR97 

07JUN93 I 03APR97 

07JUN93 I 19FEB97 

29NOV91 

I I 
010CT92 I 02MAY94 [ I U777 77 77 Vi@ 

I I 

1996 

G E M 
DETECTOR 

1997 1998 

I I 

egend c=J Baseline 
ITZJ Critical 
- Float 

Baseline Proiected Actual 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE ,,,,s6NSlllVE---



OPEN PLAN 0 

Project I MAGNET 
LEVEL Ill SUMMARY BASELINE SCHEDULE G E M 

DETECTOR Reportt TDR_SUH1 
9tatu• a111 oft 15J\U091 
:urrent Dater 27APR93 
Paa• 1 4 

Summary Description 

~EVEL OF EFFORT (LOE} 

.egend CJ Baseline 
ITZJ Critical 
- Float 

· Baseline \J Projected f Actual 

40 GEM MAGNET 
I 

!Baseline Start/Finish l\Comp I 1992 
I 

02DEC91 I 04JUN93 
I 

1993 

I 

I 

I 

I 

1994 

SUPERCONDUCTING SUPER COLLIDER PROJECT 
GEM · PROJECT OFFICE 

I 

I 

I 

1995 
I 

I 

I 

1996 
I I 

1997 1998 
I I 

I I 

I I 

S[i\Mil~1u~l''~ 
Appr ~I~ l -\J.~---



GEK Detector 
:eport: GEK_FY 

lCr Bud 

lffi Bud 

WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
i'JBS, 

i'JBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

0 

$10k 
$100 

40.01.1 
40.01.2 
40.01.3 
40.02.1 
40.02.2 
40.02.4 
40.02.6 
40.02.7 
40.02.8 
40.02.9 
40.03.1 
40.03.2 
40.03.4 
40.03.5 
40.03.6 
40.03.7 

GEM DETECTOR 
WBS 40 - GEM MAGNET 

FY91IFY92IFY93IFY94IFY9SIFY96IFY97IFY98IFY99IFYOOIFY01 

2 1 I 2 9 o 113 9 7 14 3 5 2 13 7 2 6 12 11 9 I 5 3 o I 9 1 I 8 

2 I 3 1 I 1 7 1 I 6 o 6 I 9 7 9 111 9 o 112 4 3 11 2 5 2 11 2 5 3 11 2 5 3 11 2 5 3 

$1,609,310 I CONDUCTOR DEVELOPMENT R&D 
$ 7 61, 6 9 0 I POINT DEVELOPMENT R&D 

$ 8 9 7, 3 5 0 I WINDING DEVELOPMENT R&D 
$3,179,660 I (OIL ASSEMBLIES DESIGN 
$ 867,444 c::=::fORWARD FIELD SHAPER ASSEMBLY DESIGN 

$ 16 0, 13 3 c=JpOWER PROTECTION SYSTEM DESIGN 
$ 288,609 C}IAGNET VACUUM SYSTEM DESIGN 

$ 116,146 I MAGNET CONTROL SYSTEM DESIGN 
$ 82,912 I RETURN FIELD MITIGATION DESIGN 

$1,532,462 I UNSTALLATION AND TESTING DESIGN 
$58 I 456 I 663 OIL ASSEMBLIES 

$13,805,326 ORWARD FIELD SHAPERS/SPPTS 

Date: 27APR93 
Pro]ect: MAG TDR 

140000 

120000 

100000 

00000 

60000 

40000 

I 

20000 

0 

$1, 331, 975 I !POWER/PROTECTION SYSTEM SENSITIVE 
$12,481,003 RYOGENICS 

$ 762,455 I MAGNET VACUUM SYSTEM 
$ 334,268 I MAGNET CONTROL SYSTEMS 

*** PREPARED BY GEM - Pro]ect Office *** Page: 1 

tl 
0 .. .. 
• 
~ 
I 

... 
~ 

(I 

:r 
0 

' I 

• 
~ 
~ 
I 

0 
0 
0 



~~~~-- ·~~~~~~~~~~~~~~~~~~~~~~~~~~-

G EK Detector I GEM DETECTOR Date: 27APR93 
Reoort: GEK_FY WBS 4 0 - GEM MAGNET Proiect: HAG TDR 

WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 

40.03.8 
40.03.9 
40.04.1 
40.04.2 
40.05.1 
40.05.2 
40.05.3 
40.05.4 
40.05.5 
40.06.1 
40.06.2 

I IFY91,FY92,FY93,FY941F;;SIFY961FY971FY9BIFY991FYOOIFY011 
$ 64,870 c=== RETURN FIELD MITIGATION 

$1,393,955 I. UNSTALLATION TOOLING & TEST EQUIPMENT 
$3,018,395 NSTALLATION 

$ 637,850 c::::JrESTING 
$4,868,046 ROJECT MGMT AND ADMIN 
$1,281,377 ROJECT CONTROL 

$ 393,068 S&H 
$ 483,713 UALITY ASSURANCE 
$ 514, 2 0 4 YSTEM ENGINEERING 
L]PRE LOI ENGINEERING/DESIGN 
~~~~~~~~OI TO TECHNICAL DESIGN REPORT (TOR) 

SENSITIVE 
*** PREPARED BY GEM - Pro]ect Office *** Page: 2 





~ DETECTOR PROJECT 

Electronic Parameters Table 

SI ~ ~ 

Strip IPC LK Wire PAD 

No. of Channels (K) 2500 400 120 210 1000 

Power dissipation/ch 
(In-detector, mW) 2 60 275 100 100 
(On-detector ,mW) 5000 45 45 

Resolution 1-bit 8-bit 10-bit <16ns 8-bit 

Dynamic Range 1-bit 10-bit 16-bit 4us 10-bit 
( 

Occupancy/channel (%) .06-.22 1.8 5 <10 <10 

Number of Samples 1 2 5 1 5 

Channels/Link 640 128 496 864 

Link Bandwidth (MbiVs) 30 30 400 20 

Radiation 0.44M 20K IDHIGH <1K <1K 

Electronic Fiber Optic Link Parameters Table 

SI Strip PC LK ~ 

No. of Channels (K) 2500 400 120 1210 

Channels/Link 640 128 496 864 

No. of Data Links 3892 3125 242 1440 

Data Link (Mbits/s) 30 30 400 20 

No. of Trigger Links 322 1440 

T-Link (Mbits/s) 1200 1000 



70,000 

60,000 

50,000 

C? 40,000 
O> 

[:'.: -Cl> 
.Ill: 30,000 

20,000 

10,000 

0 

.. 

50.02 Front 
End 

1111111111111111111111111111111111 --------------------------------------------------------

50.03 Data 
Acquisition 

System 

WBS 50 ELECTRONICS 
LEVEL 2 COMPONENTS 

1111111111111111111111111111111111 -------------------------

50.04 Trigger 

................................. 
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GEM COST ESTIMATE SUMMARY 4/25/93 

LECTRONICS SUBSYSTEM 
FY93 U.S. Dollars 

BS Code Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

-ELECTRONICS 01 52,619 465,971 22,552 75,171 17,100 23% 92,272 

.01 -RESEARCH AND DEVELOPMENT 02 1,433 57,809 4,051 5,484 462 8% 5,946 

.01.1 -SILICON TRACKER 03 476 19,049 1,471 1,947 0 0% 1,947 

.01.1.1 BIPOLAR 04 125 3,101 246 370 0 0% 370 

.01.1.2 CMOSI 04 160 6,645 523 683 0 0% 683 

.01.1.3 CMOSll 04 16 2,437 186 201 0 0% 201 

.01.1.4 MCM 04 97 2,880 209 305 0 0% 305 

.01.1.5 FIBER OPTICS 04 25 1,108 87 112 0 0% 112 

.01.1.8 CLOCK DISTRIBUTION 04 5 1,108 83 88 0 0% 88 

.01.1.7 CABLE 04 45 1,551 119 163 0 0% 163 

.01.1.8 TEST STATION 04 4 222 20 24 0 0% 24 

.01.2 -IPC 03 363 10,992 852 1,215 218 18% 1,433 

.01.2.1 PREAMP IC 04 156 5,476 424 580 104 18% 684 

.01.2.2 SCAIC 04 156 5,476 424 580 104 18% 684 

.01.2.3 SCA TEST STATION 04 52 40 3 55 9 16% 64 

.01.3 -CALORIMETER FRONT-END 03 324 11,607 786 1,110 244 22% 1,355 

.01.3.1 -READOUT ELECTRONICS 04 324 11,607 786 1,110 244 22% 1,355 

.01.3.1.1 PREAMPLIFIER R&D 05 41 1,595 124 165 36 22% 202 

.01.3.1.2 CALIBRATION CIRCUIT R&D 05 57 975 76 133 29 22% 162 

.01.3.1.3 SHAPER AMPLIFIER R&D 05 64 2,304 160 243 54 22% 297 

.01.3.1.4 CABLE DRIVER R&D 05 104 5,316 296 400 88 22% 488 

.01.3.1.5 SCAIC DRIVER R&D 05 59 1,418 111 169 37 22% 206 
' 

.01.4 • -MUON FRONT-END 03 130 5,636 321 450 0 0% 450 

.01.4.1 CSC SYSTEM R&D 04 73 2,850 144 217 0 0% 217 

.01.4.2 CSC PREAMP R&D 04 26 886 60 106 0 0% 106 

~ DETECTOR PROJECT Page 



' ' ' ' 

LECTRONICS SUBSYSTEM 

' 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

( ( ( 

4/25193 

BS Code Description __ WBS LeveJ__Milterlal, k$ ManHo~ labQr. k$_ .. M + i. k$ Contingency, k$ 'Yo _t_OTAb..M. 

.01.4.3 

.01.5 

.01.5.1 

.01.5.1.1 

.01.5.1.2 

.01.5.2 

.01.5.2.1 

.01.5.2.2 

.01.8 

.01.7 

.02 

.02.1 

.02.1.1 

.02.1.1.1 

.02.1.1.2 

.02.1.1.2.1 

.02.1.1.2.1.1 

.02.1.1.2.1.2 

.02.1.1.2.2 

.02.1.1.2.2.1 

.02.1.1.2.2.2 

.02.1.1.2.3 

.02.1.1.2.3.1 

.02.1.1.2.3.2 

.02.1.1.2.4 

CSC ANODE R&D 

-LEVEL 1 - TRIGGER 

-CAL LEVEL 1 R&D 

CAL LEVEL 1 R&D (ANALOG) 

CAL LEVEL 1 R&D (DIGIT AL) 

-MUON LEVEL 1 TRIGGER R&D 

MUON LEVEL 1 TRIGGER R&D (COMBO) 

MUON LEVEL 1 TRIGGER R&D (CAM) 

DAO 

FY 92 EXPENDITURE 

-FRONT END 

-MUON 

-CSC 2nd COORDINATE READOUT 

DESIGN DOCUMENTATION 

-PROTOTYPE CSC ANODE ELECTRONICS 

-HIGH VOLTAGE 

POWER SUPPLY 

DISTRIBUTION 

-LOW VOLTAGE 

POWER SUPPLY 

DISTRIBUTION 

-SIGNAL CABLES 

SIGNAL FEED (PCB1 TO PCB2) 

SIGNAL FEED (PCTIMING STROBE SIGNA 

-ACTIVE COMPONENTS 

~ DETECTOR PROJECT 

04 

03 

04 

05 

05 

04 

05 

05 

03 

03 

02 

03 

04 

05 

05 

06 

07 

07 

06 

07 

07 

06 

07 

07 

06 

31 

88 

31 

26 

5 

57 

42 

16 

52 

0 

39,656 

8,126 

2,367 

42 

173 

10 

6 

4 

0 

0 

0 

0 

143 

1,900 

3,672 

1,636 

950 

886 

1,836 

950 

886 

5,316 

1,537 

219,208 

102,004 

27,562 

6,734 

9,024 

1,617 

0 

1,617 

64 

0 

64 

50 

40 

10 

4,267 

96 

256 

128 

48 

60 

128 

48 

60 

245 

122 

9,991 

3,926 

946 

194 

357 

48 

0 

48 

2 

0 

2 

0 

209 

127 

344 

159 

74 

85 

185 

90 

95 

297 

122 

49,646 

12,052 

3,314 

236 

529 

58 

6 

52 

3 

0 

2 

2 

2 

0 

352 

0 0% 

0 0% 

0 0% 

0 OOk 

0 0% 

0 OOk 

0 00/o 

0 00/o 

0 0% 

0 0% 

12,155 24% 

3,008 25% 

770 23% 

83 35% 

160 30% 

21 36% 

0 5% 

21 40% 

0 10% 

0 5% 

0 10% 

0 8% 

0 8% 

0 8% 

115 33% 

Page 2 

127 

344 

159 

74 

85 

185 

90 

95 

297 

122 

62,002 

15,060 

4,083 

319 

689 

79 

7 

73 

3 

0 

3 

2 

2 

0 

467 



:LECTRONICS SUBSYSTEM 

( 

GEM COST ESTIMATE SUMMARY 
. FY93 U.S. Dollars 

4/25/93 

fBSCode Description _WPS Lev~_ Material, k$ __ ManHQurs _l..abor,k$ M +US _Contingency, k$ % __ TOTAL, k$ 

).02.1.1.2.4.1 

).02.1.1.2.4.2 

).02.1.1.2.4.3 

).02.1.1.2.5 

).02.1.1.2.5.1 

).02.1.1.2.5.2 

).02.1.1.2.6 

).02.1.1.2. 7 

).02.1.1.2.7.1 

).02.1.1.2.7.2 

).02.1.1.3 

>.02.1.1.3.1 

).02.1.1.3.1.1 

1.02.1.1.3.1.2 

1.02.1.1.3.2 

1.02.1.1.3.2.1 

1.02.1.1.3.2.2 

1.02.1.1.3.3 

).02.1.1.3.3.1 

1.02.1.1.3.3.2 

1.02.1.1.3.3.3 

1.02.1.1.3.4 

1.02.1.1.3.4.1 

1.02.1.1.3.4.2 

).02.1.1.3.5 

INTEGRATED PREAMP/DRIVER 

INTEGRATED 24-CHANNEL MUL 11-FUNCTI 

CONTROL ASIC (ALP/DCC) 

·PRINTED CIRCUIT BOARD 

8-PLANE INTERFACE BOARD (PCB1) 

SIGNAL PROCESSING BOARD (PCB2) 

CRATE AND RACK 

-CONTROL AND DATA LINKS 

CONTROL BUS 

DATA BUS 

·PRODUCTION 

-HIGH VOLTAGE 

POWER SUPPLY 

DISTRIBUTION 

-SIGNAL CABLES 

SIGNAL FEED (PCB1 TO PCB2) 

TIMING STROBE SIGNAL CABLES 

·ACTIVE COMPONENTS 

INTEGRATED PREAMP/DRIVER 

INTEGRATED FUNCTION l.C. (DISC/AND 

CONTROL ASIC (ALPIDDC) 

.PRINTED CIRCUIT BOARD 

8-PLANE, 4 LAYER INTERFACE BOARD ( 

98-CHANNEL SIGNAL PROCESSING BOARD 

-CONTROL AND DATA LINKS 

~ey DETECTOR PROJECT 

07 

07 

07 

06 

07 

07 

06 

06 

07 

07 

05 

06 

07 

07 

06 

07 

07 

06 

07 

07 

07 

06 

07 

07 

06 

57 

44 

42 

17 

14 

3 

0 

0 

0 

2,101 

410 

206 

204 

61 

43 

24 

712 

355 

243 

115 

836 

589 

247 

11 

1,410 

1,409 

1,449 

2,898 

1,489 

1,409 

0 

128 

64 

64 

7,375 

1,870 

0 

1,870 

607 

164 

443 

3,010 

1,624 

841 

544 

1,762 

952 

810 

128 

111 

49 

50 

91 

47 

45 

0 

6 

3 

3 

293 

47 

0 

47 

14 

4 

10 

166 

122 

27 

17 

60 

36 

24 

6 

168 

93 

92 

108 

61 

47 

0 

6 

3 

3 

2,394 

456 

206 

251 

80 

46 

34 

878 

477 

269 

132 

896 

625 

271 

83 

67 40% 

22 24% 

26 28% 

23 21% 

10 16% 

13 28% 

0 0% 

12% 

0 12% 

0 12% 

503 21% 

111 24% 

10 5% 

100 40% 

13 16% 

4 8% 

9 26% 

176 20% 

95 20% 

54 20% 

26 20% 

196 22% 

125 20% 

71 26% 

8 10% 

Page 3 

235 

115 

117 

131 

71 

61 

0 

7 

4 

4 

2,897 

567 

216 

351 

93 

so 
43 

1,054 

572 

323 

159 

1,092 

750 

342 

92 



:LECTRONICS SUBSYSTEM 

( ( 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

( 

4125/93 

/BS Code Descrl~Uon_. WBS Level Materml. k$ ManHours Labor, k$_ .. M + j..,J<$ _ Contingency, k$ % TOTAL, k$ 

).02.1.1.3.5.1 

).02.1.1.3.5.2 

).02.1.1.4 

>.02.1.2 

>.02.1.2.1 

>.02.1.2.2 

1.02.1.2.2.1 

1.02.1.2.2.2 

).02.1.2.2.3 

).02.1.2.2.4 

).02.1.2.2.4.1 

>.02.1.2.2.4.2 

).02.1.2.2.4.3 

1.02.1.2.2.4.4 

1.02.f.2.2.5 

1.02. f .2.2.5.1 

1.02. f .2.2.5.2 

1.02.1.2.2.6 

1.02.1.2.3 

1.02.1.2.3.1 

1.02.1.2.3.2 

1.02.1.2.3.2.1 

1.02.1.2.3.2.2 

1.02.1.2.3.2.3 

).02. f.2.3.3 

CONTROL BUS 

DATA BUS 

INSTALLATION & TEST 

-CSC PAD (925K CHANNELS) 

DESIGN/DOCUMENTATION 

-PROTOTYPE 

PROTOHVPS 

PROTO.LVPS 

PROTO. CATH CABLES 

-ACTIVE COMPONENTS 

PROTO. PASA IC 

PROTO.SCA IC 

PROTO.ALP IC 

PROTO.ADC 

-PRINTED CIRCUIT BOARD 

116 PROTO. CH FE PCB 

PROTO. READOUT PCB 

SYSTEM TEST OF PILOT ELECT 

-PRODUCTION 

PROD.LVPS 

-SIGNAL CABLES 

PROD. DATA CABLE 

PROD. mlGGER CABLE 

PROD. CATH. SIG. CAB 

-ACTIVE COMPONENTS 

~ DETECTOR PROJECT 

07 

07 

05 

04 

05 

05 

06 

06 

06 

06 

07 

07 

07 

07 

06 

07 

07 

06 

05 

06 

06 

07 

07 

07 

06 

30 

48 

52 

5,759 

54 

375 

0 

4 

3 

239 

99 

99 

38 

3 

83 

43 

40 

46 

5,282 

727 

248 

42 

21 

185 

2,531 

64 

64 

4,430 

74,442 

2,215 

20,942 

0 

1,948 

1,569 

9,020 

2,658 

4,430 

1,n2 

160 

7,925 

4,504 

3,421 

480 

32,199 

0 

9,568 

1,976 

1,976 

5,616 

13,364 

3 

3 

102 

2,980 

138 

1,327 

0 

94 

81 

661 

222 

308 

122 

9 

469 

263 

206 

23 

1,040 

0 

216 

45 

45 

126 

492 

33 

51 

154 

8,739 

192 

1,702 

0 

98 

84 

900 

321 

407 

160 

12 

552 

306 

245 

69 

6,322 

727 

464 

87 

66 

311 

3,023 

3 10% 

5 10% 

25 16% 

2,238 26% 

38 20% 

487 29% 

0 0% 

24 24% 

24 28% 

250 28% 

64 20% 

138 34% 

45 28% 

2 18% 

1n 32% 

98 32% 

79 32% 

14 20% 

1,548 25% 

175 24% 

76 16% 

14 16% 

12 18% 

50 16% 

794 26% 
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36 

56 

179 

10,9n 

230 

2,189 

0 

121 

107 

1,150 

385 

545 

205 

14 

728 

404 

324 

82 

7,870 

901 

540 

101 

78 

360 

3,817 



GEM COST ESTIMATE SUMMARY 4/25/93 

LECTRONICS SUBSYSTEM FY93 U.S. Dollars 

BS Code Description WBSLevel Material, kS ManHours Labor, k$ M+L,kS ContingenCL k$ % TOTAL,k$ 

.02.1.2.3.3.1 PROD. PASA IC 07 815 4,660 170 985 276 28% 1,261 

.02.1.2.3.3.2 PROD.SCA IC 07 833 6,294 227 1,060 297 28% 1,357 

.02.1.2.3.3.3 PROD.ALP IC 07 379 2,310 87 466 159 34% 625 

02.1.2.3.3.4 PROD.ADC IC 07 428 80 6 434 52 12% 486 

.02.1.2.3.3.5 PROD. ANALOG MUX 07 77 20 2 78 11 14% 89 

02.1.2.3.4 ·PRINTED CIRCUIT BOARD 06 1,544 9,227 330 1,874 481 26% 2,355 

02.1.2.3.4.1 PROD. !NI CH FE PCB 07 792 8,507 305 1,096 263 24% 1,359 

02.1.2.3.4.2 PROD. READOUT PC 07 753 720 25 778 218 28% 996 

02.1.2.3.5 FIBER LINK 06 232 40 2 234 23 10% 257 

02.1.2.4 -INSTALLATION & TEST 05 49 19,086 474 523 I 165 31% 688 

.02.1.2.4.1 INSTALL BOARDS ON CSC 06 23 7,896 202 225 81 36% 306 

.02.1.2.4.2 INSTALL CSC'a IN DETECTOR 06 26 11,190 272 298 84 28% 382 

02.2 -CENTRAL TRACKER 03 13,596 77,123 4,263 17,859 4,927 28% 22,786 

02.2.1 ·SILICON TRACKER 04 5,709 35,803 2,696 8,405 2,347 28% 10,752 

02.2.1.0 BIPOLAR 05 1,342 4,873 384 1,725 552 32% 2,278 

02.2.1.1 CMOS-1 05 1,331 6,202 483 1,815 690 38% 2,504 

02.2.1.2 -CMOS-2 05 372 6,167 482 854 218 26% 1,072 

02.2.1.2.1 CMOS-2D 06 209 3,544 277 487 112 23% 598 

02.2.1.2.2 CMOS-2A 06 163 2,623 204 367 106 29% 473 

02.2.1.3 MULTI-CHIP MODULE 05 912 3,544 261 1,173 340 29% 1,513 

02.2.1A FIBER OPTICS 05 730 3,296 224 954 210 22% 1,164 

02.2.1.5' POWER SUPPLIES 05 75 1,134 77 151 21 14% 173 

02.2.US CABLES 05 635 3,057 203 839 168 20% 1,006 

02.2.1.7 TEST STATION 05 96 2,835 224 319 45 14% 364 

02.2.1.8 CLOCK DISTRIBUTION 05 160 2,171 160 320 70 22% 390 

~ DETECTOR PROJECT Page 5 



GEM COST ESTIMATE SUMMARY 4/25193 

:LECTRONICS SUBSYSTEM FY93 U.S. Dollars 

'BS Code Description WBSLevel Material, k$ ManHours Labor,k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

1.02.2.1.9 COMMAND CONTROL 05 57 2,525 199 256 33 13% 289 

1.02.2.2 -IPC (400K CHANNELS) 04 7,887 41,320 1,567 9,454 2,580 27% 12,033 

1.02.2.2.1 ·PROTOTYPE 05 206 11,654 498 704 1n 25% 880 

1.02.2.2.1.1 ·ACTIVE COMPONENTS 06 105 3,544 155 260 39 15% 299 

1.02.2.2.1.1.1 READOUT CONTROLLER 07 105 3,544 155 260 39 15% 299 

1.02.2.2.1.2 -PRINTED CIRCUIT BOARD 06 96 6,190 260 356 121 34% 476 

1.02.2.2.1.2.1 MCM 07 75 2,658 114 190 87 46% 277 

1.02.2.2.1.2.2 RIO BOARD 07 13 1,766 73 86 17 20% 103 

1.02.2.2.1.2.3 CONTROLLER BOARD 07 8 1,766 73 81 16 20% 97 

1.02.2.2.1.3 -CONTROIJDATA LINKS 06 5 1,920 83 87 18 20% 105 

1.02.2.2.1.3.1 RECEIVER 07 3 1,040 46 49 10 20% 59 

1.02.2.2.1.3.2 DATA LINK 07 2 880 37 38 8 20% 46 

1.02.2.2.2 .PRODUCTION 05 7,681 29,666 1,069 8,750 2,403 28% 11,153 

1.02.2.2.2.1 -HIGH VOLTAGE 06 79 2,960 85 164 11 7% 175 

1.02.2.2.2.1.1 POWER SUPPLY 07 54 640 14 68 3 5% 72 

>.02.2.2.2.1.2 DISTRIBUTION 07 25 2,320 71 96 8 8% 103 

1.02.2.2.2.2 -I.OW VOLTAGE IN-DETECTOR 06 243 2,240 69 312 18 6o/o 331 

1.02.2.2.2.2.1 POWER SUPPLY 07 173 240 5 179 9 5% 188 

1.02.2.2.2.2.2 DISTRIBUTION 07 70 2,000 64 134 9 7% 143 

1.02.2.2.2.3 SIGNAL CABLES 06 0 0 0 0 0 0% 0 

i.02.2.2.2.4 ·ACTIVE COMPONENTS 06 4,206 4,344 271 4,476 1,646 37% 6,123 

.02.2.2.2.4.1 PREAMP/SHAPER 07 794 1,126 88 883 344 39% 1,227 

.02.2.2.2.4.2 SWITCHED CAP ARRAY 07 1,693 1,126 88 1,781 695 39% 2,476 

'.02.2.2.2.4.3 FADC 07 1,381 240 17 1,398 545 39% 1,943 

1.02.2.2.2.4.4 RIO CONTROLLER 07 338 1,852 77 414 62 15% 477 

~ DETECTOR PROJECT Page 6 
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GEM COST ESTIMATE SUMMARY 4/25193 

.ECTRONICS SUBSYSTEM 
. FY93 U.S. Dollars 

JS Code Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ o/o TOTALk$ 

D2.2.2.2.5 ·PRINTED CIRCUrT BOARD 06 2,114 7,600 297 2,411 482 20% 2,893 

D2.2.2.2.5.1 RIO BOARD 07 273 3,200 100 373 52 14% 426 

D2.2.2.2.5.2 CONTROLLER BOARD 07 132 3,200 100 232 33 14% 264 

D2.2.2.2.5.3 MCM'e 07 1,709 1,200 97 1,806 397 22% 2,203 

D2.2.2.2.8 -CONTROL/DATA SETS 06 1,040 12,522 347 1,387 245 18% 1,632 

D2.2.2.2.8.1 RECEIVER BOARD 07 291 1,200 27 318 45 14% 362 

D2.2.2.2.8.2 FIBER DATA LINKS 07 535 7,402 184 720 137 19% 857 

D2.2.2.2.6.3 RECEIVER CAA TES 07 47 240 6 53 7 14% 60 

D2.2.2.2.8.4 CLOCK/TRIGGER LINKS 07 133 1,760 62 196 37 19% 233 

02.2.2.2.6.5 SLOW CONTROL 07 33 1,920 68 101 19 19% 120 

02.3 -CALORIMETER 03 18,134 40,081 1,802 19,936 4,221 21% 24,156 

02.3.1 DESIGN/DOCUMENTATION 04 0 1,063 71 71 7 10% 78 

02.3.2 ·PROTOTYPE 04 794 9,099 588 1,382 330 24% 1,711 

02.3.2.1 HIGH VOLTAGE 05 10 0 0 10 3 28% 13 

02.3.2.2 LOW VOLTAGE (ON-DETECTOR) 05 10 0 0 10 3 28% 13 

02.3.2.3 ·SIGNAL AND CONTROL CABLES 05 112 0 0 112 30 27% 141 

02.3.2.3.1 SIGNAL CABLES TO JUNCTION BOX 06 78 0 0 78 22 28% 100 

.02.3.2.3.2 SIGNAL CABLES FROM JUNCTION BOX 06 33 0 0 33 8 24% 41 

.02.3.2.4 ·ACTIVE COMPONENTS 05 556 4,046 276 832 185 22% 1,017 

.02.3.2.4.1 PREAMPLIFIER 06 47 177 14 61 13 22% 75 

.02.3.2.4.2 CALIBRATION CIRCUrT 06 112 1,063 73 185 41 22% 226 

.02.3.2.4.3 BIPOLAR SHAPER AMPLIFIER 06 90 1,240 90 180 40 22% 220 

.02.3.2A.4 CABLE DRIVER 06 105 532 41 146 32 22% 179 

.02.3.2.4.5 SCAIC 06 52 443 25 77 17 22% 93 

.D2.3.2.4.8 SCA TEST STATION 06 52 148 8 60 22 36% 82 

~ DETECTOR PROJECT Page 7 



GEM COST ESTIMATE SUMMARY 4/25/93 

LECTRONICS SUBSYSTEM . FY93 U.S. Dollars 

BS Code Description WBSLevel Material, k$ ManHours Labor,k$ M+L,k$ Contingency, k$ o/o TOTAL,k$ 

.02.3.2.4.7 SCA CONTROL GA 06 52 443 25 n 16 21% 93 

.02.3.2.4.8 DSP 06 45 0 0 45 5 10% 50 

.02.3.2.5 -PRINTED CIRCUIT BOARD 05 107 5,053 311 418 109 26% 527 

.02.3.2.5.1 JUNCTION BOX DRIVER BOARD 06 10 443 28 37 10 26% 47 

.02.3.2.5.2 CALORIMETER READOUT BOARD 06 59 1,026 53 112 29 26% 142 

.02.3.2.5.3 CALORIMETER OUTPUT BOARD 06 8 926 50 59 15 26% 74 

.02.3.2.5.4 CALIBRATION ELECTRONICS BOARD 06 26 2,215 152 178 46 26% 225 

.02.3.2.S.5 JUNCTION BOX CALIBRATION BOARD 06 3 443 28 31 8 26% 39 

.02.3.3 -PRODUCTION 04 17,339 29,919 1,143 18,483 3,884 21% 22,367 

.02.3.3.1 -HIGH VOLTAGE 05 28 1,104 97 125 20 16% 145 

.02.3.3.1.1 POWER SUPPLY 06 20 144 53 73 13 18% 86 

.02.3.3.1.2 DISTRIBUTION 06 8 960 44 52 7 14% 59 

.02.3.3.2 ·LOW VOLTAGE IN-DETECTOR 05 171 0 0 171 38 22% 209 

.02.3.3.2.1 POWER SUPPLY AND DISTRIBUTION 06 171 0 0 171 38 22% 209 

02.3.3.3 -SIGNAL AND CONTROL CABLES 05 3,335 5,670 127 3,462 485 14% 3,947 

02.3.3.3.1 SIGNAL CABLES TO JUNCTION BOX 06 620 1,n2 40 660 92 14% 752 

02.3.3.3.2 SIGNAL CABLES FROM JUNCTION BOX 06 2,452 3,544 79 2,531 354 14% 2,886 

02.3.3.3.3 CONTROL CABLES 06 263 354 8 271 38 14% 309 

02.3.3A -ACTIVE COMPONENTS 05 7,098 12,345 566 7,664 1,828 24% 9,492 

02.3.3.4.1 PREAMPLIFIER IC 06 729 443 35 764 199 26% 962 

02.3.3.4.2 CALIBRATION CIRCUIT 06 1,192 4,253 184 1,375 358 26% 1,733 

02.3.3.4.3 SHAPER AMPLIFIER HYBRID 06 2,267 3,987 198 2,484 641 26% 3,105 
' 

02.3.3A.4 CABLE DRIVER 06 602 443 35 637 166 26% 802 

02.3.3.4.5 SCAIC 06 336 2,n6 92 428 111 26% 539 

02.3.3.4.8 SCA CONTROL GATE ARRAY 06 96 443 25 121 17 14% 137 
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LECTRONICS SUBSYSTEM . FY93 U.S. Dollars 

BS Code Description WBSLevel Materlal, k$ Man Hours Labor,k$ M+L,k$ Contingency, k$ % TOTAL1 ki 

.02.3.3.4.7 DSP 06 1,876 0 0 1,876 338 18% 2,214 

.02.3.3.5 ·PRINTED CIRCUIT BOARD 05 4,376 9,914 330 4,706 1,180 25% 5,886 

.02.3.3.5.1 CABLE DRIVER BOARD 06 484 266 17 500 110 22% 611 

.02.3.3.5.2 CAL READOUT BOARD 06 3,512 7,600 235 3,747 974 26% 4,721 

.02.3.3.5.3 CAL OUTPUT BOARD 06 207 699 34 241 53 22% 294 

.02.3.3.5.4 CALIBRATION ELECTRONICS BOARD 06 62 443 28 90 20 22% 110 

.02.3.3.5.5 JUNCTION BOX CALIBRATION BOARD 06 111 906 17 127 23 18% 150 

02.3.3.8 -CRATES 05 2,197 886 23 2,221 312 14% 2,532 

02.3.3.6.1 JUNCTION BOX 06 83 0 0 83 18 22% 101 

.02.3.3.8.2 READOUT ELECTRONICS 06 1,875 0 0 1,875 225 12% 2,100 

.02.3.3.6.3 PATCH PANEL 06 239 886 23 262 68 26% 331 

.02.3.3.7 -CONTROL AND DATA LINKS 05 134 0 0 134 21 16% 155 

.02.3.3.7.1 CONTROL AND DATA LINKS 06 134 0 0 134 21 16% 155 

.03 -DATA ACQUISmON SYSTEM 02 6,940 83,096 3,717 10,657 2,317 22% 12,974 

03.1 -DESIGN AND DOCUMENT 03 328 31,960 1,470 1,798 361 20% 2,160 

03.1.1 -SYSTEM DESIGN & SIMULATION 04 58 4,000 184 242 44 18% 286 

03.1.1.1 PROJECT COORDINATION 05 37 0 0 37 2 5% 39 

03.1.1.2 FUNCTIONAL SPECS AND DESIGN DOCUMENT 05 0 2,160 99 99 22 22% 121 

.03.1.1.3 BEHAVIORAL SIMULATION 05 21 1,840 85 105 20 19% 125 

.03.1.2 ·EVENT DATA COLLECTION MODULES 04 73 4,400 202 275 53 19% 328 

03.1.2.1 FUNCTIONAL SPECS DOCUMENT 05 0 560 26 26 6 22% 31 

03.1.2.2 : DESIGN, DOCUMENTATION & TEST PROCEDURE 05 52 3,120 144 195 37 19% 233 

03.1.2.3 SIMULATION & LAYOUT 05 10 400 18 29 6 20% 35 

03.1.2.4 EMBEDDED SOFTWARE 05 10 240 11 21 4 18% 25 

.03.1.2.5 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 
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GEM COST ESTIMATE SUMMARY 4/25193 

LECTRONICS SUBSYSTEM 
FY93 U.S. Dollars 

'BS Code Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency,k$ % TOTAL,k$ 

1.03.1.3 SLOW LINKS 04 0 1,600 74 74 16 22% 90 

1.03.1.4 FAST LINKS 04 0 920 42 42 9 22% 52 

1.03.1.5 ·EVENT BUILDER 04 62 2,480 114 176 35 20% 211 

1.03.1.5.1 FUNCTIONAL SPECS DOCUMENT 05 0 320 15 15 3 22% 18 

1.03.1.5.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 62 1,680 n 140 27 19% 166 

1.03.1.5.3 SIMULATION & LAYOUT 05 0 240 11 11 2 22% 14 

1.03.1.5.4 EMBEDDED SOFTWARE 05 0 160 7 7 2 22% 9 

'.03.1.5.5 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

1.03.1.6 -EVENT DATA DISmlBUTION MODULES 04 62 4,400 202 265 52 20% 316 

i.03.1.6.1 FUNCTIONAL SPECS DOCUMENT 05 0 560 26 26 6 22% 31 

1.03.1.6.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 52 3,120 144 195 37 19% 233 

1.03.1.8.3 SIMULATION & LAYOUT 05 0 400 18 18 4 22% 23 

1.03.1.6.4 EMBEDDED SOFTWARE 05 10 240 11 21 4 18% 25 

1.03.1.8.5 TESTS & COMMISSIONING 05 0 60 4 4 1 22% 5 

.03.1.7 -CONmOL NETWORK 04 62 3,520 162 224 44 20% 268 

.03.1.7.1 FUNCTIONAL SPECS DOCUMENT 05 0 400 18 18 4 22% 23 

.03.1.7.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 52 1,440 66 118 21 18% 139 

.03.1.7.3 SIMULATION & LAYOUT 05 0 240 11 11 2 22% 14 

.03.1.7.4 EMBEDDED SOFTWARE 05 10 160 7 18 3 17% 21 

.03.1.7.S TESTS & COMMISSIONING 05 0 60 4 4 1 22% 5 

.03.1.7.6 SYSTEM SUPERVISOR 05 0 640 29 29 7 22% 36 

.03.1.7.7 TRIGGER SUPERVISOR 05 0 560 26 26 6 22% 31 

.03.1.8. -CLOCK DISmlBUTION, AND FAST CONmOL 04 10 1,360 63 73 15 21% 88 

.03.1.8.1 FUNCTIONAL SPECS DOCUMENT 05 0 240 11 11 2 22% 14 

.03.1.8.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 720 33 33 7 22% 40 
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.ECTRONICS SUBSYSTEM FY93 U.S. Dollars 

IS Code DescrlpUon WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contlngency,k$ % TOTAL,k$ 

13.1.8.3 SIMULATION & LAYOUT 05 0 160 7 7 2 22% 9 

13.1.8.4 EMBEDDED SOFTWARE 05 10 160 7 18 3 17% 21 

13.1.8.5 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

13.1.9 -GATING LOGIC 04 0 2,320 107 107 24 22% 130 

13.1.9.1 FUNCTIONAL SPECS DOCUMENT 05 0 240 11 11 2 22% 14 

13.1.9.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 880 41 41 9 22% 49 

13.1.9.3 SIMULATION & LAYOUT 05 0 160 7 7 2 22% 9 

13.1.9.4 EMBEDDED SOFTWARE 05 0 800 37 37 8 22% 45 

13.1.9.5 TESTS & COMMISSIONING 05 0 240 11 11 2 22% 14 

13.1.10 -CONTROL AND MONITORING SOFTWARE 04 0 1,200 55 55 12 22% 67 

13.1.10.1 FUNCTIONAL SPECS DOCUMENT 05 0 320 15 15 3 22% 18 

13.1.10.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 480 22 22 5 22% 27 

13.1.10.3 IMPLEMENTATION & CODING 05 0 400 18 18 4 22% 23 

13.1.11 REAL-TIME OPERATING SYSTEM 04 0 800 37 37 8 22% 45 

13.1.12 STANDARD CPU• 04 0 720 33 33 7 22% 40 

13.1.13 INTERFACE WllH FRONT-END ELECTRONICS 04 0 720 33 33 7 22% 40 

13.1.14 INTERFACE WllH FAST CONTROL AND TRIGGER 04 0 1,280 59 59 13 22% 72 

13.1.15 INTERFACE WllH ON-LINE COMPUTING 04 0 1,040 48 48 11 22% 58 

13.1.18 ANCILLARY CONTROLS & HUMAN INTERFACE 04 0 1,200 55 55 12 22% 67 

13.2 -PROTOTYPE SYSTEM 03 352 28,920 1,311 1,662 347 21% 2,009 

13.2.1 -SYSTEM DESIGN & SIMULATION 04 36 2,960 136 173 33 19% 206 

13.2.1.1 ' PROJECT COORDINATION 05 31 0 0 31 2 6% 33 
' 

13.2.1.2 FUNCTIONAL SPECS AND DESIGN DOCUMENT 05 0 1,920 88 88 19 22% 108 

13.2.1.3 BEHAVIORAL SIMULATION 05 5 1,040 48 53 12 22% 65 

)3.2.2 -EVENT DATA COLLECTION MODULES 04 33 3,472 158 191 43 22% 234 
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GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 
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4/25/93 

BS Code Description . WBS Level Mater~L___MitnHours __ Labor, k$~_M + L, k$ Contlngen~ % TOTAL, k$ 

03.2.2.1 

03.2.2..2 

03.2.2.3 

03.2..2.4 

03.2.2.5 

03.2.2.8 

03.2.2.7 

03.2.3 

03.2.3.1 

03.2.3.2 

03.2.3.3 

03.2.3.4 

03.2.3.5 

03.2.3.8 

03.2.3.7 

03.2.4 

03..2.5 

03..2.5.1 

03..2.5..2 

03.2.S.3 

03.2.5.4 

03.2.5.5' 

03.2.5.8 

03..2.S.7 

03..2.8 

FUNCTIONAL SPECS DOCUMENT. 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

-SLOW LINKS 

FUNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

FAST LINKS 

-EVENT BUILDER 

FUNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

-EVENT DATA DISTRIBUTION MODULES 
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05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

04 

04 

05 

05 

05 

05 

05 

05 

05 

04 

0 

0 

0 

29 

4 

0 

0 

49 

0 

0 

0 

20 

19 

10 

0 

0 

33 

0 

0 

0 

18 

4 

10 

0 

53 

160 

1,120 

400 

80 

32 

1,200 

480 

1,064 

160 

200 

160 

80 

64 

240 

160 

880 

1,512 

160 

280 

240 

160 

32 

400 

240 

2,912 

7 

52 

18 

2 

55 

22 

47 

7 

9 

7 

2 

2 

11 

7 

39 

67 

7 

13 

11 

5 

18 

11 

131 

7 

52 

18 

31 

5 

55 

22 

96 

7 

9 

7 

22 

21 

21 

7 

39 

99 

7 

13 

11 

23 

5 

29 

11 

184 

2 22% 

11 22% 

4 22% 

8 24% 

24% 

12 22% 

5 22% 

22 23% 

2 22% 

2 22% 

2 22% 

6 25% 

6 28% 

4 18% 

2 22% 

8 20% 

21 21% 

2 22% 

3 22% 

2 22% 

5 20% 

24% 

6 20% 

2 22% 

38 21% 
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63 

23 

39 

6 

67 

27 

118 

9 

11 

9 

28 

26 

25 

9 

47 

120 

9 

16 

14 

27 

6 

35 

14 

222 
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GEM COST ESTIMATE SUMMARY 
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4/25/93 

IBSCode Description WBS Level Material, k$~nHours H Lab9r._k$ M + L, k$ Contingency, k$ % __ TOTA_l...__k$ 

1.03.2.8.1 

1.03.2.8.2 

1.03.2.8.3 

1.03.2.8.4 

1.03.2.8.5 

1.03.2.8.8 

1.03.2.8.7 

1.03.2.7 

1.03.2.7.1 

1.03.2.7.2 

1.03.2.7.3 

•.03.2.7.4 

1.03.2.7.5 

.03.2.7.8 

.03.2.7.7 

.03.2.7.8 

.03.2.8 

.03.2.8.1 

.03.2.8.2 

.03.2.8.3 

.03.2.8.4 

.03.2.8.5' 

.03.2.8AI 

.03.2.8.7 

.03.2.11 

FUNCTIONAL SPECS DOCUMENT. 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

-CONTROL NETWORK 

FuNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

SYSTEM SUPERVISOR 

TRIGGER SUPERVISOR 

-CLOCK DISTRIBUTION, AND FAST CONTROL 

FUNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE & PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

-GATING LOGIC 
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05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

04 

0 

0 

0 

28 

15 

10 

0 

24 

0 

0 

0 

13 

10 

0 

0 

0 

32 

0 

0 

0 

17 

4 

10 

0 

6 

160 

480 

240 

160 

32 

1,200 

640 

3,160 

160 

280 

80 

0 

400 

240 

1,160 

840 

1,152 

160 

240 

240 

160 

32 

80 

240 

1,126 

7 

22 

11 

5 

55 

29 

145 

7 

13 

4 

0 

16 

11 

53 

39 

50 

7 

11 

11 

5 

4 

11 

49 

7 

22 

11 

33 

16 

66 

29 

169 

7 

13 

4 

13 

29 

11 

53 

39 

81 

7 

11 

11 

22 

5 

14 

11 

55 

2 22% 

5 22% 

2 22% 

7 22% 

2 15% 

13 20% 

7 22% 

36 21% 

2 22% 

3 22% 

22% 

3 19% 

6 20% 

2 22% 

12 22% 

9 22% 

16 20% 

2 22% 

2 22% 

2 22% 

4 19% 

24% 

2 14% 

2 22% 

12 21% 
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9 

27 

14 

40 

18 

79 

36 

205 

9 

16 

5 

16 

35 

14 

65 

47 

96 

9 

14 

14 

26 

6 

16 

14 

67 
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GEM COST ESTIMATE SUMMARY 4/25193 

LECTRONICS SUBSYSTEM 
. FY93 U.S. Dollars 

BS Code Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL, k$ 

.03.2.9.1 FUNCTIONAL SPECS DOCUMENT 05 0 160 7 7 2 22% 9 

.03.2.9.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 240 11 11 2 22% 14 

.03.2.9.3 SIMULATION & LAYOUT 05 0 240 11 11 2 22"k 14 

.03.2.9.4 BID PACKAGE & PROCUREMENT 05 5 160 5 10 2 17% 12 

.03.2.9.5 PRODUCTION & ASSEMBLY 05 1 8 0 1 0 24% 2 

.03.2.9.S EMBEDDEDSOFlWARE 05 0 160 7 7 2 22% 9 

.03.2.9.7 TESTS & COMMISSIONING 05 0 160 7 7 2 22% 9 

.03.2.10 -CONTROL AND MONITORING SOFTWARE 04 10 2,000 92 102 22 21% 124 

.03.2.10.1 FuNCTIONAL SPECS DOCUMENT 05 0 120 6 6 1 22% 7 

.03.2.10.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 360 17 17 4 22% 20 

.03.2.10.3 IMPLEMENTATION & CODING 05 10 1,280 59 69 15 21% 84 

.03.2.10.4 TESTS & COMMISSIONING 05 0 240 11 11 2 22% 14 

.03.2.11 REAL-TIME OPERATING SYSTEM 04 21 1,520 70 91 17 19% 108 

.03.2.12 STANDARD CPUs 04 14 640 28 41 8 20% 50 

.03.2.13 INTERFACE WITH FRONT-END ELECmONICS 04 10 1,120 52 62 12 20",.(, 74 

.03.2.14 INTERFACE WITH FAST CONmOL AND mlGGER 04 10 1,600 74 84 18 21% 102 

.03.2.15 INTERFACE WITH ON-LINE COMPUTING 04 10 1,480 68 79 17 21% 95 

.03.2.18 ANCILLARY CONTROLS & HUMAN INTERFACE 04 10 2,320 107 117 25 21% 142 

.03.3 ·PRODUCTION SYSTEM 03 6,231 14,760 636 6,867 1,542 23% 8,409 

.03.3.1 ·SYSTEM DESIGN & SIMULATION 04 25 1,360 63 88 15 17% 103 

.03.3.1.1 PROJECT COORDINATION 05 25 0 0 25 2 6% 26 

.03.3.1.2. FUNCTIONAL SPECS AND DESIGN DOCUMENT 05 0 800 37 37 8 22% 45 

.03.3.1.3 BEHAVIORAL SIMULATION 05 0 560 26 26 6 22% 31 

.03.3.2 -EVENT DATA COLLECTION MODULES 04 3,151 1,632 60 3,212 769 24% 3,981 

.03.3.2.1 FUNCTIONAL SPECS DOCUMENT 05 0 160 7 7 2 22% 9 
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GEM COST ESTIMATE SUMMARY 

. FY93 U.S. Dollars 
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4/25/93 

BS Code Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

.03.3.2.2 

.03.3.2.3 

.03.3.2.4 

.03.3.2.5 

.03.3.2.6 

.03.3.2.7 

.03.3.3 

.03.3.4 

.03.3.5 

.03.3.5.1 

.03.3.5.2 

.03.3.5.3 

.03.3.5.4 

.03.3.5.5 

.03.3.5.6 

.03.3.5.7 

.03.3.6 

.03.3.6.1 

.03.3.6.2 

.03.3.6.3 

.03.3.6.4 

.03.3.6.5: 

.03.3.6.8 

.03.3.6.7 

.03.3.7 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE&: PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS & COMMISSIONING 

SLOW LINKS 

FAST LINKS 

-EVENT BUILDER 

FUNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE&: PROCUREMENT 

PRODUCTION & ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS &: COMMISSIONING 

-EVENT DATA DISTRIBUTION MODULES 

FUNCTIONAL SPECS DOCUMENT 

DESIGN, DOCUMENTATION & TEST PROCEDURE 

SIMULATION & LAYOUT 

BID PACKAGE&: PROCUREMENT 

PRODUCTION &: ASSEMBLY 

EMBEDDED SOFTWARE 

TESTS&: COMMISSIONING 

-CONTROL NETWORK 
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05 

05 

05 

05 

05 

05 

04 

04 

04 

05 

05 

05 

05 

05 

05 

05 

04 

05 

05 

05 

05 

05 

05 

05 

04 

0 

36 

2,9n 

138 

0 

0 

0 

0 

391 

0 

0 

36 

303 

41 

10 

0 

1,049 

0 

0 

36 

934 

47 

0 

31 

276 

480 

160 

160 

512 

80 

80 

520 

480 

936 

160 

200 

160 

160 

96 

80 

80 

1,248 

160 

480 

160 

160 

128 

80 

80 

1,240 

22 

7 

5 

11 

4 

4 

24 

22 

38 

7 

9 

7 

5 

2 

4 

4 

52 

7 

22 

7 

5 

3 

4 

4 

57 

22 

44 

2,982 

149 

4 

4 

24 

22 

429 

7 

9 

44 

308 

43 

14 

4 

1,101 

7 

22 

44 

939 

50 

4 

35 

333 

5 22% 

7 15% 

716 24% 

39 26% 

22% 

22% 

5 22% 

5 22% 

93 22% 

2 22% 

2 22% 

7 15% 

68 22% 

12 28% 

2 14% 

22% 

246 22% 

2 22% 

5 22% 

7 15% 

216 23% 

14 28% 

22% 

2 5% 

56 17% 
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27 

50 

3,698 

188 

5 

5 

29 

27 

521 

9 

11 

50 

376 

55 

16 

5 

1,347 

9 

27 

50 

1,155 

64 

5 

37 

389 
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GEM COST ESTIMATE SUMMARY 4/25/93 

LECTRONICS SUBSYSTEM FY93 U.S. Dollars 

'BS Code Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

1,03.3.7.1 FUNCTIONAL SPECS DOCUMENT' 05 0 160 7 7 2 22% 9 

1,03.3.7.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 200 9 9 2 22% 11 

1.03.3.7.3 SIMULATION & LAYOUT 05 0 80 4 4 1 22% 5 

1.03.3.7.4 BID PACKAGE & PROCUREMENT 05 234 0 0 234 38 16% 272 

1,03.3.7.5 EMBEDDED SOFTWARE 05 0 80 4 4 1 22% 5 

1,03.3.7.6 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

.03.3.7.7 SYSTEM SUPERVISOR 05 21 320 15 36 6 17% 42 

.03.3.7.8 TRIGGER SUPERVISOR 05 21 320 15 36 6 17% 42 

.03.3.8 -CLOCK DISTRIBUTION, AND FAST CONTROL 04 1,317 1,352 48 1,364 290 21% 1,654 

1.03.3.8.1 FUNCTIONAL SPECS DOCUMENT 05 0 160 7 7 2 22% 9 

1.03.3.8.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 200 9 9 2 22% 11 

1.03.3.8.3 SIMULATION & LAYOUT 05 0 160 7 7 2 22% 9 

1,03.3.8.4 BID PACKAGE & PROCUREMENT 05 1,253 160 5 1,258 264 21% 1,522 

.03.3.8.5 PRODUCTION & ASSEMBLY 05 64 512 11 75 19 25% 94 

.03.3.8.8 EMBEDDED SOFTWARE 05 0 80 4 4 1 22% 5 

.03.3.8.7 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

.03.3.9 -GATING LOGIC 04 13 952 41 53 11 21% 64 

.03.3.9.1 FUNCTIONAL SPECS DOCUMENT 05 0 160 7 7 2 22% 9 

.03.3.9.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 200 9 9 2 22% 11 

.03.3.9.3 SIMULATION & LAYOUT 05 0 160 7 7 2 22% 9 

.03.3.9.4 BID PACKAGE & PROCUREMENT 05 12 160 5 17 .3 19% 20 

.03.3.9.5' PRODUCTION & ASSEMBLY 05 0 32 1 1 0 21% 

.03.3.9.8 EMBEDDED SOFTWARE 05 0 160 7 7 2 22% 9 

.03.3.9.7 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

.03.3.10 -CONTROL AND MONITORING SOFTWARE 04 10 680 31 42 8 20% 50 
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GEM COST ESTIMATE SUMMARY 4/25/93 

LECTRONICS SUBSYSTEM 
FY93 U.S. Dollars 

BS Code Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency,k$ % TOTAL,k$ 

03.3.10.1 FUNCTIONAL SPECS DOCUMENT 05 0 80 4 4 1 22% 5 

03.3.10.2 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 200 9 9 2 22% 11 

03.3.10.3 IMPLEMENTATION & CODING 05 10 240 11 21 4 18% 25 

03.3.10.4 TESTS & COMMISSIONING 05 0 160 7 7 2 22% 9 

03.3.11 REAL·TIME OPERATING SYSTEM 04 0 600 28 28 6 22% 34 

03.3.12 STANDARD CPUs 04 0 80 4 4 1 22% 5 

03.3.13 INTERFACE WITH FRONT-END ELECTRONICS 04 0 1,000 46 46 10 22% 56 

03.3.14 INTERFACE WITH FAST CONTROL AND TRIGGER 04 0 1,040 48 48 11 22% 58 

03.3.15 INTERFACE WITH ON-LINE COMPUTING 04 0 880 41 41 9 22% 49 

03.3.16 ANCILLARY CONTROLS & HUMAN INTERFACE 04 0 760 35 35 8 22% 43 

03.4 -INSTALLATION AND TEST 03 29 7,456 300 329 67 20% 396 

03.4.1 ·SYSTEM DESIGN & SIMULATION 04 19 880 41 59 10 17% 69 

03.4.1.1 PROJECT COORDINATION 05 19 0 0 19 1 5% 20 

03.4.1.2 FUNCTIONAL SPECS AND DESIGN DOCUMENT 05 0 560 26 26 6 22% 31 

03.4.1.3 BEHAVIORAL SIMULATION 05 0 320 15 15 3 22% 18 

03.4.2 ·EVENT DATA COLLECTION MODULES 04 0 1,104 37 37 8 21% 45 

03.4.2.1 BID PACKAGE & PROCUREMENT 05 0 80 2 2 0 8% 3 

03.4.2.2 TESTS & COMMISSIONING 05 0 1,024 35 35 8 22% 43 

03.4.3 SLOW LINKS 04 10 360 17 27 5 19% 32 

03.4.4 FAST LINKS 04 0 240 11 11 2 22% 14 

03.4.5 -EVENT BUILDER 04 0 672 27 27 6 21% 33 

03.4.5.1 BID PACKAGE & PROCUREMENT 05 0 80 2 2 0 8% 3 

03.4.5.2 EMBEDDED SOFTWARE 05 0 400 18 18 4 22% 23 

03.4.5.3 TESTS & COMMISSIONING 05 0 192 7 7 1 22% 8 

03.4.& ·EVENT DATA DISTRIBUTION MODULES 04 0 376 13 13 3 19% 16 

~ DETECTOR PROJECT Page 17 
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GEM COST ESTIMATE SUMMARY 4/25193 

-ECTRONICS SUBSYSTEM . FY93 U.S. Dollars 

~SCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contlngency,k$ % TOTAL,k$ 

03.4.6.1 BID PACKAGE & PROCUREMENT 05 0 80 2 2 0 8% 3 

03.4.6.2 EMBEDDED SOFTWARE 05 0 40 2 2 0 22% 2 

03.4.6.3 TESTS & COMMISSIONING 05 0 256 9 9 2 22% 11 

.03.4.7 -CONTROL NETWORK 04 0 960 40 40 9 22% 49 

.03.4.7.1 TESTS & COMMISSIONING 05 0 160 7 7 2 22% 9 

.03.4.7.2 SYSTEM SUPERVISOR 05 0 400 17 17 4 22% 20 

03.4.7.3 TRIGGER SUPERVISOR 05 0 400 17 17 4 22% 20 

03.4.8 -CLOCK DISTRIBUTION, AND FAST CONTROL 04 0 1,344 48 48 10 21% 59 

03.4.8.1 BID PACKAGE & PROCUREMENT 05 0 80 2 2 0 8% 3 

.03.4.8.2 TESTS & COMMISSIONING 05 0 1,264 46 46 10 22% 56 

.03.4.9 -GATING LOGIC 04 0 120 5 5 1 22% 6 

.03.4.9.1 TESTS & COMMISSIONING 05 0 120 5 5 1 22% 6 

.03.4.10 -CONTROL AND MONITORING SOFTWARE 04 0 120 6 6 1 22% 7 

.03.4.10.1 DESIGN, DOCUMENTATION & TEST PROCEDURE 05 0 40 2 2 0 22% 2 

.03.4.10.2 TESTS & COMMISSIONING 05 0 80 4 4 1 22% 5 

.03.4.11 REAL-TIME OPERATING SYSTEM 04 0 120 6 6 1 22% 7 

.03.4.12 STANDARD CPU1 04 0 240 9 9 2 22% 11 

.03.4.13 INTERFACE WITH FRONT-END ELECTRONICS 04 0 280 13 13 3 22% 16 

.03A.14 INTERFACE WITH FAST CONTROL AND TRIGGER 04 0 200 9 9 2 22% 11 

.03A.15 INTERFACE WITH ON-LINE COMPUTING 04 0 320 13 13 3 22% 16 

.03.4.16 ANCILLARY CONTROLS & HUMAN INTERFACE 04 0 120 6 6 1 22% 7 

.04 -TRIGGER 02 3,996 65,724 2,698 6,694 1,740 26% 8,434 

.04.1 . -LEVEL 1 CALORIMETER (ANALOG OPTION) 03 2,110 21,850 924 3,034 718 24% 3,751 

.04.1.1 DESIGN/DOCUMENTATION 04 0 380 18 18 4 22% 22 

.04.1.2 -PROTOTYPE 04 240 17,670 767 1,006 253 25% 1,259 
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LECTRONICS SUBSYSTEM 

~ 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

( 

4/25193 

BS Code Description wes Level Material, k$ Mantto~L!lbor, k$ - M + L, k$ HContlngency, k$ % TOTALLk$ 

04.1.2.1 

04.1.2.1.1 

.04.1.2.1.2 

.04.1.2.1.3 

.04.1.2.1.4 

.04.1.2.1.5 

04.1.2.1.8 

04.1.2.2 

04.1.2.2.1 

04.1.2.2.2 

04.1.2.2.3 

04.1.2.2.4 

04.1.2.2.5 

04.1.2.2.8 

04.1.2.3 

04.1.2.3.1 

04.1.3 

04.1.3.1 

04.1.3.2 

04.1.3.2.1 

04.1.3.2.2 

04.1.3.2.3 

04.1.3.2.4 

04.1.3.2.5 

04.1.3.2.6 

-ACTIVE COMPONENTS 

FPGA FOR L 1 SUM BOARD 

FPGA FOR COUNT LOGIC BOARD 

IDT 7210 MAC IC FOR JET SUM/FILTER BO 

AD9020 FADC IC FOR JET SUM/FILTER BOA 

VARIABLE GAIN SHAPING AMPLIFIER FOR L 

SUMMING AMPLIFIER 

-PRINTED CIRCUIT BOARD 

L1 SUM BOARD 

COUNT LOGIC BOARD 

JET SUM/FILTER BOARD 

ADDER BOARD 

GLOBAL SUM BOARD 

TIMING DISRIMINATION SMT BOARD 

-CONTROUDATA LINKS 

1 G ems FIBER OPTIC TRANSMITTER-GLO 

·PRODUCTION 

SIGNAL CABLES 

·ACTIVE COMPONENTS 

FPGA FOR L 1 SUM BOARD 

FPGA FOR COUNT LOGIC BOARD 

IDT 7210 MAC IC FOR JET SUM/FILTER BO 

AD 11020 FADC llC FOR JET SUM/FILTER B 

VARIABLE GAIN SHAPING AMPLIFIER FOR L 

SUMMING AMPLIFIER 
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06 

06 

06 

06 

06 

06 

05 

06 

06 

06 

06 

06 

06 

05 

06 

04 

05 

05 

06 

06 

06 

06 

06 

06 

46 

12 

7 

3 

18 

5 

182 

80 

30 

38 

16 

9 

9 

12 

12 

1,870 

52 

452 

108 

71 

30 

14 

176 

53 

1,900 

950 

950 

0 

0 

0 

0 

15,675 

3,610 

2,280 

3,610 

3,610 

1,710 

855 

95 

95 

1,900 

0 

0 

0 

0 

0 

0 

0 

0 

91 

46 

46 

0 

0 

0 

0 

673 

157 

102 

157 

157 

66 

33 

3 

3 

70 

0 

0 

0 

0 

0 

0 

0 

0 

137 

57 

53 

3 

18 

5 

855 

237 

132 

196 

173 

75 

42 

14 

14 

1,940 

52 

452 

108 

71 

30 

14 

176 

53 

32 24% 

14 24% 

13 24% 

22% 

0 22% 

4 22% 

22% 

218 26% 

66 28% 

32 24% 

47 24% 

42 24% 

21 28% 

10 24% 

3 22% 

3 22% 

447 23% 

10 20% 

103 23% 

26 24% 

17 24% 

7 22% 

3 22% 

39 22% 

12 22% 
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170 

71 

66 

4 

2 

21 

6 

1,072 

303 

164 

243 

215 

96 

52 

17 

17 

2,386 

62 

554 

134 

88 

37 

17 

215 

64 
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GEM COST ESTIMATE SUMMARY 4/25/93 

.ECTRONICS SUBSYSTEM . FY93 U.S. Dollars 

JS Code Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

04.1.3.3 -PRINTED CIRCUIT BOARD 05 1,070 0 0 1,070 257 24% 1,327 

04.1.3.3.1 l1 SUM BOARD 06 480 0 0 480 115 24% 595 

04.1.3.3.2 COUNT LOGIC BOARD 06 212 0 0 212 51 24% 263 

04.1.3.3.3 JET SUM/Fil TER BOARD 06 159 0 0 159 38 24% 197 

04.1.3.3.4 ADDER BOARD 06 79 0 0 79 19 24% 98 

04.1.3.3.5 GLOBAL SUM BOARD 06 52 0 0 52 13 24% 64 

D4.1.3.3.8 TIMING DISRCIMINATOR SMT BOARD 06 88 0 0 88 21 24% 109 

)4.1.3.4 -CONTROUDATA LINKS 05 297 1,900 70 366 76 21% 443 

)4.1.3.4.1 1 G BIT/S FIBER OPTIC mANSMITTER-GLO 06 84 1,900 70 153 34 22% 187 

04.1.3A.2 RACK SLOT 06 213 0 0 213 43 20% 256 

D4.1.4 INSTALLATION & TEST OF 489 BOARDS 04 0 1,900 70 70 14 20% 83 

04.2 -LEVEL 1 MUON 03 1,850 42,722 1,699 3,549 985 28% 4,534 

D4.2.1 DESIGN/DOCUMENTATION 04 171 29,452 1,209 1,380 414 30% 1,794 

>4.2.2 BARREL PRODUCTION 04 932 2,215 67 1,000 300 30% 1,299 

>4.2.3 END CAP PRODUCTION 04 704 2,215 67 n2 232 30% 1,003 

>4.2.4 INSTALLATION & TEST 04 42 8,840 356 398 40 10% 438 

>4.3 LEVEL 1 GLOBAL m1GGER 03 37 1,152 74 111 38 34% 149 

)5 -INTEGRATION 02 31 17,098 732 763 63 8% 826 

)5.1 -RACK DEVELOPMENT 03 21 2,922 132 153 20 13% 173 

D5.1.1 RACK SYSTEMS DESIGN AND ENGINEERING 04 0 2,812 129 129 19 15% 149 

)5.1.2 VME RACK PARTS AND MATERIALS (PROTO) 04 21 0 0 21 0 2% 21 

)5.1.3 STANDARD RACK ASSBL Y (PROTO) 04 0 83 2 2 0 0% 2 

)5.1.4. STANDARD RACK INSTALLATION (PROTO) 04 0 27 1 1 0 0% 1 

>5.2 FIBER LINK DEVELOPMENT 03 10 3,544 319 329 26 8% 356 

D5.3 FACILITY INTERFACE 03 0 5,316 140 140 8 6% 149 

~ DETECTOR PROJECT 
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GEM COST ESTIMATE SUMMARY 4/25193 

LECTRONICS SUBSYSTEM . FY93 U.S. Dollars 

BS Code Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

.05.4 FACILITY DEVELOPMENT 03 0 5,316 140 140 8 6% 149 

.08 -PROJECT MANAGEMENT 02 363 23,036 1,364 1,727 363 21% 2,090 

.06.1 PROJECT MANAGEMENT- FY 93 03 52 886 41 93 20 21% 112 

.06.2 PROJECT MANAGEMENT- FY 94 03 52 1,n2 112 164 34 21% 198 

.08.3 PROJECT MANAGEMENT- FY 95 03 52 1,n2 112 164 34 21% 198 

.08.4 PROJECT MANAGEMENT- FY 98 03 52 3,544 224 276 58 21% 334 

.08.5 PROJECT MANAGEMENT- FY 97 03 52 4,430 265 317 67 21% 383 

.08.8 PROJECT MANAGEMENT- FY 98 03 52 5,316 305 357 75 21% 432 

.08.7 PROJECT MANAGEMENT- FY 99 03 52 5,316 305 357 75 21% 432 

~ DETECTOR PROJECT Page 21 
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GEM Detector 
Rnort: OEM FY 
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WBS 50.01.1 
WBS 50.01.2 
WBS 50.01.3 
WBS 50.01.4 
WBS 50.01.5 
WBS 50.01.6 
WBS 50.01.7 $ 
WB·s 50.02.1 
WBS 50.02.2 
WBS 50.02.3 
WBS 50.03.1 
WBS 50.03.2 
WBS 50.03.3 
WBS 50.03.4 
WBS 50.04.1 
WBS 50.04.2 

( 

GEM DETECTOR Date: 27APR93 
WBS 50 - ELECTRONICS Pro]ect: ELEC MPS 
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$1,946,675 I Silicon Tracker 
$1,432,673 I [PC 
$1,354,459 I (alorimeter front-end 

$ 450,270 I Muon front-end 
$ 344,036 I tevel 1 - trigger 

$ 296,456 c:=:pAQ 
121,610 c==:t'Y 92 Expenditure 
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..--. I - GEM DETECTOR Date: 27APR93 
WBS 5 0 - ELECTRONJ:CS Project: ELEC_llPS 

GEM Detector 
Report: GEll_FY 

WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 
WBS 

50.04.3 
50.05.1 
50.05.2 
50.05.3 
50.05.4 
50.06.1 
50.06.2 
50.06.3 
50.06.4 
5 0 . 0 6 . 5 
50.06.6 
50.06.7 

i-- I FY91 I FY92 I FY93 I FY94 I FY95 I FY96 I FY97 I FY9B I FY9-;-I FYOO I FY01 I 
$ 148,885 I !Level 1 Global 

$ 172,572 I Rack Development 
$ 355,692 I Fiber Link Development 
$ 148,763 acility Interface 
$ 148, 763 acility Development 

$ 112,138 I !Project Management -FY 93 
$ 198,267 I !Project Management -FY 94 

$ 198,267 I !Project Management -FY 95 

$ 333,711 I !Project Management -FY 96 
$ 383,025 I !Project Management -FY 97 

$ 432,340 I !Project Management -FY 98 
$ 432,340 I !Project Management -FY 99 
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Computing Parameters Table 

FY 1999 FY2000 FY2001 FY2002 

. 
Peak Luminosity (cm-2s-1) 10"30 10"31 10"32 10"32 

Total Collision Time(s) 10"6 10"7 10"7 10"7 

Level 1 Trigger level 100 microb 40 microb 40 microb 20 microb 

Level 1 Trigger Rate (Peak) 100 Hz 400 Hz 4 kHz 20 kHz 

Event Size 1 MB 0.5 MB 0.2 MB 0.2 MB 

Data Rate (Peak) 100 MB/s 200MB/s 800 MB/s 4 GB/s 

Event Filter (Level 2/3) Factor 1 2 (Note 1) 8 40 

Filler Level 100 microb 20 microb 5 microb 500 nb 

Event Rate Stored 100 Hz 200 Hz 500 Hz 500 Hz 

Rate to Storage (Peak) 100 MB/s 100 MB/s 100 MB/s 100 MB/s 

Stored Event Data for Year 100 TB .05 PB 1 PB 1 PB 

Integrated Luminosity (pb-1) 1 100 1,000 10,000 

PASS 1 Occupational Load, SSCUPs (Note 2) 2x10"4 2x10"5 2x10"5 2x10"5 
NOTES 

1. If the event size is reduced to 0.2 MB, no event filler is needed . . 
2. Typical processes that are included in the data sent to storage .are: 

Singe Z->11 (2 nb) 
Single W (10 nb), pre-scaled in FY 2002 
Tbar production (10 nb) 
Missing E T (50 GeV/c - 100 GeV/c, ..... 
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GEM COST ESTIMATE SUMMARY 4/26/93 

COMPUTER & CONTROLS SUBSYSTEM 
FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ ManHours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

;o -COMPUTER & CONTROLS 01 10,390 168,299 5,478 15,869 3,591 23% 19,460 

;0.01 -RESEARCH AND DEVELOPMENT 02 2,176 47,640 1,487 3,662 666 18% 4,328 

;o.ou -GLOBAL CONTROL SYSTEM (GCS) 03 356 23,683 739 1,095 209 19% 1,303 

i0.01.1.1 -PROJECT PLAN 04 5 3,588 112 117 18 15% -134 

;0.01.1.1.1 REQUIREMENTS, SPECIFICATIONS 05 1 718 22 23 4 15% 27 

;0.01.1.1.2 STANDARDS RECOMMENDATIONS 05 1 718 22 23 4 15% 27 

i0.01.1.1.3 HARDWARE RECOMMENDATIONS 05 1 718 22 23 4 15% 27 

l0.01.1.1.4 INTERFACE TO CCD 05 1 718 22 23 4 15% 27 

i0.01.1.1.5 DEVELOPMENT PLAN 05 1 718 22 23 4 15% 27 

i0.01.1.2 -TEST SYSTEMS 04 70 5,741 179 249 50 20% 299 

i0.01.1.2.1 HARDWARE 05 30 2,871 90 119 24 20% 143 

i0.01.1.2.2 SOFTWARE 05 41 2,871 90 130 26 20% 156 

l0,01.1.3 -DESIGN 04 8 5,981 187 194 39 20% 233 

i0,01.1.3.1 DATA SPECIFICATIONS 05 2 1,196 37 39 8 20% 47 

•0.01.1.3.2 PROCESS SPECIFICATIONS 05 2 1,196 37 39 8 20% 47 

·0.01.1.3.3 HARDWARE SPECIFICATIONS 05 2 1,196 37 39 8 20% 47 

0.01.1.3.4 PROCUREMENT PLAN 05 2 1,196 37 39 8 20% 47 

·0.01.1.3.5 INSTALLATION PLAN 05 2 1,196 37 39 8 20% 47 

0.01.1.4 ·PROTOTYPE SYSTEMS 04 262 5,981 187 448 90 20% 538 

0.01.1.4.1 SOFTWARE DEVELOPMENT 05 3 2,392 75 78 16 20% 93 

0.01.1.4.2 ACQUIRED SOFTWARE 05 212 1,196 37 249 50 20% 299 

0.01.1.4.3 HARDWARE 05 47 2,392 75 122 24 20% 146 

0.01.1.5 TEST BEAM SUPPORT 04 12 2,392 75 87 13 15% 100 

0.01.2 -ON-LINE COMPUTING 03 1,448 10,933 341 1,789 315 18% 2,103 

0.01.2.1 PROJECT PLAN 04 2 1,276 40 41 6 15% 48 
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COMPUTER & CONTROLS SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26193 

WBSCode Description ______ WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

S0.01.2.2 

)0.01.2.3 

)0.01.2.3.1 

)0.01.2.3.2 

)0.01.2.3.3 

)0.01.2.3.4 

)0.01.2.3.5 

l0.01.2.4 

l0.01.2.4.1 

;0.01.2.4.2 

;0.01.2.5 

;o.ou 

;0.01.3.1 

;0.01.a.1.1 

;o.ou.1.1.1 

;o.ou.1.1.2 

;0.01.3.1.1.3 

;0.01.3.1.1.4 

;o.ou.1.1.5 

;o.ou.1.2 

;o.ou.1.3 

i0.01.3.1.3.1 

i0.01.3.1.3.2 

i0.01.3.1.3.3 

i0.01.3.1.3.4 

TEST SYSTEMS 

-DESIGN 

DATA SPECIRCATIONS 

PROCESS SPECIRCATIONS 

HARDWARE SPECIFICATIONS 

PROCUREMENT PLAN 

INSTALLATION PLAN 

-PROTOTYPE SYSTEMS 

SOFTWARE DEVELOPMENT 

HARDWARE 

TEST BEAM SUPPORT 

-NETWORK AND COMMUNICATIONS 

-DIGITAL COMMUNICATIONS 

-PROJECT PLAN 

REQUIREMENTS, SPECIRCATIONS 

STANDARDS RECOMMENDATIONS 

HARDWARE RECOMMENDATIONS 

INTERFACE TO CCD 

DEVELOPMENT PLAN 

TEST SYSTEMS 

-DESIGN 

PROTOCOL SPECIRCATIONS 

HARDWARE SPECIRCATIONS 

PROCUREMENT PLAN 

INSTALLATION PLAN 

~ DETECTOR PROJECT 

04 

04 

05 

05 

05 

05 

05 

04 

05 

05 

04 

03 

04 

05 

06 

06 

06 

06 

06 

05 

05 

06 

06 

06 

06 

287 

5 

1,053 

902 

152 

101 

372 

142 

2 

0 

0 

0 

0 

0 

108 

2 

0 

0 

0 

0 

2,002 

4,253 

851 

851 

851 

851 

851 

2,552 

1,276 

1,276 

851 

13,024 

6,135 

1,435 

160 

319 

319 

319 

319 

1,382 

1,403 

351 

351 

351 

351 

63 

133 

27 

27 

27 

27 

27 

80 

40 

40 

27 

406 

191 

45 

5 

10 

10 

10 

10 

43 

44 

11 

11 

11 

11 

349 

138 

28 

28 

28 

28 

28 

1,133 

941 

191 

128 

n9 

333 

47 

5 

10 

10 

10 

10 

151 

46 

11 

11 

11 

11 

70 20% 

21 15% 

4 15% 

4 15% 

4 15% 

4 

4 

15% 

15% 

199 18% 

141 15% 

57 30% 

19 15% 

143 18% 

61 18% 

8 17% 

15% 

2 15% 

2 15% 

2 20% 

2 20% 

30 20% 

7 15% 

2 15% 

2 15% 

2 15% 

2 15% 
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419 

159 

32 

32 

32 

32 

32 

1,332 

1,083 

249 

147 

921 

394 

55 

6 

12 

12 

12 

12 

181 

52 

13 

13 

13 

13 
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GEM COST ESTIMATE SUMMARY 4/26/93 

COMPUTER & CONTROLS SUBSYSTEM FY93 U.S. Dollars 

WBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency. k$ % TOTAL,k$ 

60.01.3.1.4 -PROTOTYPE SYSTEMS 05 2 1,382 43 45 9 20% 54 

60.01.3.1.4.1 SOFTWARE DEVELOPMENT 06 1 691 22 22 5 20% 27 

60.01.3.1.4.2 HARDWARE 06 1 691 22 22 5 20% 27 

60.01.3.1.5 TEST BEAM SUPPORT 05 29 532 17 45 7 15% 52 

60.01.3.2 -HUMAN COMMUNICATIONS 04 219 5,614 175 394 73 19% 467 

60.01.3.2.1 -VIDEOCONFERENCE 05 2 1,382 43 45 6 13% 51 

60.01.3.2. 1.1 PROJECT PLAN 06 1 681 21 22 2 10% 24 

60.01.3.2.1.2 DESIGN 06 1 702 22 23 3 15% 26 

>0.01.3.2.2 -MULTIMEDIA COMPUTING SYSTEMS 05 217 4,232 132 349 67 19% 417 

50.01.3.2.2.1 PROJECT PLAN 06 1 617 19 20 3 15% 23 

50.01.3.2.2.2 DESIGN 06 1 1,063 33 35 5 15% 40 

50.01.3.2.2.3 TEST SYSTEMS 06 108 1,276 40 147 30 20% 177 

30.01.3.2.2.4 PROTOTYPES 06 108 1,276 40 147 30 20% 177 

30.01.3.3 -TEST BEAM SUPPORT 04 12 1,276 40 51 9 18% 60 

;0.01.3.3.1 PROJECT PLAN 05 6 638 20 26 4 15% 30 

;0.01.3.3.2 PROJECT DESIGN 05 6 638 20 26 5 20% 31 

;0.02 -GLOBAL CONTROL SYSTEM 02 1,150 48,702 1,454 2,603 444 17% 3,047 

;0.02.1 -SOFTWARE 03 458 14,909 465 923 183 20% 1,106 

;0.02.1.1 USER INTERFACE 04 37 1,187 37 74 15 20% 88 

;0.02.1.2 DATABASE 04 42 1,187 37 79 16 20% 94 

;0.02.1.3 ALARM HANDLER 04 32 1,187 37 69 14 20% 82 

;0.02.1.4 ARCHIVE 04 37 1,187 37 74 15 20% 88 

i0.02.1.5 CHANNEL ACCESS 04 42 1,187 37 79 16 20% 94 

i0.02.1.6 MONITORING PROCESSES 04 42 1,187 37 79 16 20% 94 

i0.02.1.7 ADAPTIVE CONTROL 04 42 1,187 37 79 16 20% 94 

~ DETECTOR PROJECT Page 3 
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:::OMPUTER & CONTROLS SUBSYSTEM 

~ ' 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

' ~ 

4/26193 

NBS Code Description _WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

i0.02.1.8 

i0.02. 1.8.1 

i0.02.1.8.2 

i0.02.1.8.3 

i0.02.1.8.4 

i0.02.1.9 

;0.02.1.10 

0.02.1.11 

0.02.2 

0.02.2.1 

0.02.2.2 

0.02.2.3 

0.02.2.4 

0.02.2.5 

0.02.2.6 

0.02.2.7 

0.02.2.8 

0.02.2.9 

0.02.2.10 

0.02.2.11 

0.02.3 

0.02.3.1 

0.02.3.2 

0.02.3.3 

0.02.3.4 

-COMMERCIAL SOFTWARE 

RTOS 

DRIVERS 

EXPERT SYSTEM 

ANALYSIS 

INTERFACE TO OTHER COMP. SYSTEMS 

INTERFACE TO WAN 

ELECTRONIC LOGBOOK SUPPORT 

-HARDWARE 

CONSOLES AND DISPLAYS 

PROCESSORS 

STORAGE SYSTEM 

NETWORKS 

l/OCRATES 

RACKS 

SIGNAL CONDmONING 

INTERFACE TO ACCELERATOR 

INTERFACES TO OTHER GEM COMP. SYSTEMS 

ELECTRONIC LOGBOOK SUPPORT 

UPS 

-DOCUMENTATION 

USERS GUIDE 

MANUALS 

STANDARDS 

SPECIFICATIONS 
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04 

05 

05 

05 

05 

04 

04 

04 

03 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

03 

04 

04 

04 

04 

135 

31 

31 

41 

31 

23 

23 

6 

453 

45 

51 

51 

51 

26 

26 

51 

51 

51 

11 

36 

5 

3,562 

890 

890 

890 

890 

1,012 

1,012 

1,012 

11,134 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

1,012 

3,622 

906 

906 

906 

906 

111 

28 

28 

28 

28 

32 

32 

32 

348 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

113 

28 

28 

28 

28 

246 

59 

59 

69 

59 

55 

55 

38 

800 

n 
83 

83 

83 

58 

58 

83 

83 

83 

43 

68 

118 

29 

29 

29 

29 

49 20% 

12 20% 

12 20% 

14 20% 

12 20% 

11 20% 

11 20% 

6 15% 

120 15% 

12 15% 

12 15% 

12 15% 

12 15% 

9 15% 

9 15% 

12 15% 

12 15% 

12 15% 

6 15% 

10 15% 

18 15% 

4 15% 

4 15% 

4 15% 

4 15% 
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295 

71 

71 

83 

71 

66 

66 

44 

920 

88 

95 

95 

95 

fi1 

fi1 

95 

95 

95 

49 

78 

135 

34 

34 

34 

34 
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GEM COST ESTIMATE SUMMARY 4/26193 

:OMPUTER & CONTROLS SUBSYSTEM FY93 U.S. Dollars 

iBSCode Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

0.02.4 PROCUREMENT 03 1 1,098 34 36 4 10% 39 

0.02.5 -INSTALLATION 03 61 10,948 286 347 49 14% 396 

0.02.5.1 OPERATIONS ROOM PREP 04 7 1,932 54 60 6 10% 66 

0.02.5.2 HARDWARE INSTALLATION 04 27 4,515 116 144 22 15% 165 

0.02.5.3 SOFlWARE INSTALLATION 04 27 4,501 116 143 22 15% 165 

0.02.6 TESTING 03 57 2,237 66 123 25 20% 148 

0.02.7 -TEST BEAM SUPPORT 03 115 4,754 142 257 47 18% 304 

D.02.7.1 SOFlWARE 04 43 1,530 48 91 18 20% 109 

D.02.7.2 HARDWARE 04 43 1,530 48 91 16 20% 109 

D.02.7.3 PROCUREMENT 04 1 475 15 15 2 10% 17 

D.02.7.4 INSTALLATION 04 29 1,219 31 60 9 15% 69 

D.03 -ONLINE COMPUTING SYSTEM 02 6,381 47,944 1,424 7,604 2,222 29% 10,026 

D.03.1 -SOFlWARE 03 493 10,276 312 604 152 19% 956 

3.03.1.1 PROCESS CONTROL 04 71 1,063 32 104 16 15% 119 

3.03.1.2 SYSTEM MANAGEMENT 04 1 1,063 32 34 3 10% 37 

D.03.1.3 DATABASED 04 71 1,063 32 104 21 20% 124 

D.03.1.4 -COMMERCIAL SOFlWARE 04 162 1,n2 54 216 43 20% 259 

D.03.1.4.1 OS 05 61 886 27 106 22 20% 130 

D.03.1.4.2 OUEING SYSTEM 05 61 886 27 106 22 20% 130 

D.03.1.5 INTERFACE TO GCS 04 62 1,n2 54 116 23 20% 139 

D.03.1.6 INTERFACE TO DAO 04 62 1,n2 54 116 23 20% 139 

D.03.1.7 INTERFACE TO OFFLINE SYSTEMS 04 62 1,n2 54 116 23 20% 139 

D.03.2 -HARDWARE 03 5,292 11,341 346 5,636 1,626 32% 7,466 

D.03.2.1 SYSTEM MANAGEMENT 04 2 1,416 43 45 5 10% 49 

D.03.2.2 PROCESSORS 04 4,657 1,418 43 4,700 1,645 35% 6,345 
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:OMPUTER & CONTROLS SUBSYSTEM 

• 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26193 

NBS Code Description WBS Level Material, k$ ManHQlirs Labor, k$ M + L, k$ ~ontingency, k$ % TOTAL, k$ 

i0.03.2.3 

i0.03.2.4 

i0.03.2.5 

i0.03.2.6 

i0.03.2.7 

:0.03.2.8 

·0.03.3 

0.03.3.1 

0.03.3.2 

0.03.3.3 

0.03.3.4 

0.03.4 

0.03.5 

0.03.5.1 

0.03.5.2 

0.03.5.3 

0.03.6 

0.03.7 

0.03.7.1 

0.03.7.2 

0.03.7.3 

0.03.7.4 

0.04 

0.04.1 

0.04.1.1 

NETWORKS 

RACKS 

INTERFACE TO GCS 

INTERFACE TO DAQ 

INTERFACE TO OFFLINE SYSTEMS 

UPS 

-DOCUMENTATION 

USERS GUIDE 

MANUALS 

STANDARDS 

SPECIFICATIONS 

PROCUREMENT 

-INSTALLATION 

OPERATIONS ROOM PREP 

HARDWARE INSTALLATION 

SOFTWARE INSTALLATION 

TESTING 

-TEST BEAM SUPPORT 

SOFTWARE 

HARDWARE 

PROCUREMENT 

INSTALLATION 

-NETWORK AND COMMUNICATIONS 

-DIGITAL COMMUNICATIONS 

-SOFTWARE 

~ DETECTOR PROJECT 

04 

04 

04 

04 

04 

04 

03 

04 

04 

04 

04 

03 

03 

04 

04 

04 

03 

03 

04 

04 

04 

04 

02 

03 

04 

106 

105 

106 

106 

106 

106 

5 

2 

163 

33 

61 

69 

140 

287 

105 

105 

76 

658 

451 

43 

1,418 

1,418 

1,418 

1,418 

1,418 

1,418 

4,253 

1,063 

1,063 

1,063 

1,063 

1,418 

14,017 

833 

3,6n 

9,507 

1,660 

4,979 

1,n2 

1,n2 

532 

904 

15,476 

11,958 

1,980 

43 

45 

43 

43 

43 

43 

133 

33 

33 

33 

33 

44 

388 

23 

90 

275 

50 

152 

55 

55 

17 

25 

429 

327 

62 

149 

150 

149 

149 

149 

149 

138 

35 

35 

35 

35 

46 

550 

55 

151 

344 

189 

439 

161 

161 

17 

101 

1,086 

n0 

104 

30 20% 

30 20% 

30 20% 

30 20% 

30 20% 

30 20% 

21 15% 

5 15% 

5 15% 

5 15% 

5 15% 

7 15% 

105 19% 

6 10% 

30 20% 

69 20% 

28 15% 

81 19% 

32 20% 

32 20% 

2 10% 

15 15% 

188 17% 

139 18% 

16 15% 
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178 

180 

178 

178 

178 

178 

159 

40 

40 

40 

40 

53 

655 

61 

181 

413 

218 

520 

193 

193 

19 

116 

1,274 

917 

120 
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GEM COST ESTIMATE SUMMARY 4/26193 

:OMPUTER & CONTROLS SUBSYSTEM FY93 U.S. Dollars 

IVBSCode Description WBSLevel Material, k$ ManHours Labor,k$ M+L,k$ Contingency, k$ % TOTAL,k$ 

;o.04.1.1.1 PROTOCOL DEVELOPMENT 05 21 990 31 52 8 15% 60 

;0.04.1.1.2 DRIVER DEVELOPMENT 05 21 990 31 52 8 15% 60 

,o.04.1.2 -HARDWARE 04 405 2,106 66 471 94 20% 565 

,o.04.1.2.1 DATA LINKS 05 322 702 22 344 69 20% 413 

·0.04.1.2.2 LANATIR 05 42 702 22 64 13 20% 76 

0.04.1.2.3 UPS 05 42 702 22 64 13 20% 76 

0.04.1.3 -DOCUMENTATION 04 1 709 22 23 4 15% 27 

0.04.1.3.1 USERS GUIDE 05 0 177 6 6 1 15% 7 

0.04.1.3.2 MANUALS 05 0 177 6 6 1 15% 7 

0.04.1.3.3 STANDARDS 05 0 177 6 6 1 15% 7 

0.04.1.3.4 SPECIFICATIONS 05 0 177 6 6 1 15% 7 

0.04.1.4 PROCUREMENT 04 1 532 17 17 2 10% 19 

0.04.1.5 INSTALLATION 04 1 5,741 133 134 20 15% 154 

0.04.1.6 TESTING 04 1 890 28 29 4 15% 33 

0.04.2 -HUMAN COMMUNICATIONS 03 166 1,980 62 228 34 15% 262 

0.04.2.1 VIDEOCONFERENCE FACILITIES 04 83 990 31 114 17 15% 131 

0.04.2.2 MULTIMEDIA SYSTEMS 04 83 990 31 114 17 15% 131 

0.04.3 -TEST BEAM SUPPORT 03 41 1,538 40 81 14 18% 95 

0.04.3.1 SOFTWARE 04 16 217 7 23 5 20% 28 

0.04.3.2 HARDWARE 04 16 217 7 23 5 20% 28 

0.04.3.3 PROCUREMENT 04 0 87 3 3 0 10% 3 

D.04.3.4 INSTALLATION 04 8 1,017 24 32 5 15% 36 

us PROJECT MANAGEMENT 02 27 8,537 686 713 71 10% 785 

~ DETECTOR PROJECT Page 7 
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WBS 70 INTERFACE SYSTEMS 
LEVEL 2 COMPONENTS 

ESTIMATED TOTAL k$29,813 
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70.07 
Audiary 

Equipment 

70.08 Gas 
Sefllices 

GEM DETECTOR PROJECT 

70.03 
Detector 
Access 

70.04 
Detector 
Safety 

Svstems Equipmen--

DID CONTINGENCY k$ 

~ MATERIAL k$ 

• LABORk$ 

4/26/93 



INTERFACE SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Material, k$ ManHour$ __ 1.abQr,1<$ M + L, k$ Contingency, l<$ % TOTAL, k$ 

70 

70.01 

70.01.1 

70.01.2 

70.01.3 

70.01.4 

70.01.5 

70.02 

70.02.1 

70.02.2 

70.02.3 

70.02.4 

70.02.4.1 

70.02.4.2 

70.02.4.3 

•0.02.s 

'0.02.6 

'0.02.7 

70.02.8 

70.02.9 

70.03 

70.03.1 

'0.03.2 

'0.03.3 

'0.03.4 

-INTERFACE SYSTEMS 

-CENTRAL DETECTOR SUPPORT (CDS) 

CENTRAL DETECTOR SUPPORT DESIGN 

CENTRAL DETECTOR SUPPORT TOOLING DESIGN 

CENTRAL DETECTOR SUPPORT FAB/ASSY 

CENTRAL DETECTOR SUPPORT TOOLING FAB/ASSY 

CDS INSTALLATION 

-BEAM PIPE 

BEAM PIPE DESIGN (EFD) 

BEAM PIPE DOCUMENTATION (EFD) 

BEAM PIPE PROCUREMENT (EFD) 

-BEAM PIPE MANUFACTURE 

BERYLLIUM SECTION (EFD) 

AVSS SECTION (EFD) 

VAC PUMPS, VALVES, BELLOW ASSY'S (EFD) 

VAC PUMP & MONITOR CONTR SYS (EFD) 

BEAM PIPE ASSEMBLY (SURFACE) (EFD) 

BEAM PIPE INSTALLATION (TUNNEL) (EFD) 

IN-HALL PUMP & PIPE SUPT STRUC (EFD) 

SPECIAL HANDL & SUPT FIXTURES (EFD) 

-DETECTOR ACCESS EQUIPMENT 

ACCESS EQUIPMENT DESIGN (EFD) 

ACCESS EQUIPMENT DOCUMENTATION (EFD) 

ACCESS EQUIPMENT PROCUREMENT 

ACCESS EQUIPMENT INSTAL & DISMANTLE 

~ CETECTOR PROJECT 

01 

02 

03 

03 

03 

03 

03 

02 

03 

03 

03 

03 

04 

04 

04 

03 

03 

03 

03 

03 

02 

03 

03 

03 

03 

21,814 

3,414 

0 

8 

3,096 

200 

110 

1,958 

0 

0 

0 

1,145 

260 

140 

745 

180 

483 

0 

100 

50 

1,622 

0 

0 

1,622 

0 

122,305 

14,500 

5,631 

907 

74 

738 

7,151 

3,101 

0 

0 

0 

0 

0 

0 

0 

0 

886 

886 

443 

886 

2,578 

0 

0 

0 

2,578 

3,567 

665 

369 

60 

5 

45 

188 

114 

0 

0 

0 

0 

0 

0 

0 

0 

23 

23 

23 

45 

39 

0 

0 

0 

39 

25,381 

4,079 

369 

67 

3,101 

245 

298 

2,072 

0 

0 

0 

1,145 

260 

140 

745 

180 

506 

23 

123 

95 

1,661 

0 

0 

1,622 

39 

4,433 18% 

701 17% 

59 16% 

15 22% 

496 16% 

54 22% 

78 26% 

331 16% 

0 0% 

0 0% 

0 0% 

192 17% 

52 20% 

28 20% 

112 15% 

27 15% 

76 15% 

4 15% 

18 15% 

14 15% 

332 20% 

0 0% 

0 0% 

324 20% 

8 20% 

Page 

29,813 

4,780 

428 

82 

3,597 

298 

376 

2,403 

0 

0 

0 

1,337 

312 

168 

857 

207 

582 

27 

141 

109 

1,993 

0 

0 

1,946 

47 



INTERFACE SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26/93 

WBSCode Description WBS Level Material, k$ Manijgurs __ybor, k$_ M +L._k$ CQntingt;?m;y, k$ % _ TOTAL, k$ 

ro.04 

ro.04.1 

'0.04.2 

'0.04.2.1 

'0.04.2.2 

'0.04.3 

'0.04.4 

'0.04.4.1 

'0.04.4.2 

'0.04.4.3 

'0.04.5 

'0.04.5.1 

'0.04.5.2 

'0.04.5.3 

'0.04.6 

·o.o5 

'0.05.1 

'0.05.2 

'0.05.3 

'0.05.4 

'0.05.4.1 

'0.05.4.1.1 

'0.05.4.1.2 

'0.05.4.1.3 

'0.05.4.2 

-DETECTOR SAFETY SYSTEMS 

SAFETY SYSTEM DESIGN (EFD) 

-SAFETY SYSTEM DOCUMENTATION 

PREP OF SPECS, ETC. (EFD) 

PREP WORKSTATION DRAWING PACKAGE (EFD) 

SAFETY SYSTEM PROCUREMENT (EFD) 

-SAFETY SYSTEM MANUFACTURE, ASSY, TEST 

SAFETY CONSOLE (EFD) 

OTHER INTERFACE ITEMS (EFD) 

SAFETY COMPUTER (EFD) 

-SAFETY SYSTEM INSTALLATION 

ABOVE GROUND SAFETY SYS INSTALL (EFD) 

BELOW GROUND SAFETY SYS INSTALL (EFD) 

SAFETY COMPUTER SYSTEM (EFD) 

SAFETY SYSTEMS VERIFICATION & READINESS REVIEW 

-UTILITY SERVICES 

HEATING, VENTILATION AND AIR CONDmONING (EFD 

COOLING WATER (EFD) 

COMPRESSED AIR (EFD) 

-ELECTRICAL POWER SYSTEM 

-HALUELECTRONICS SHAFT 

60 HZ PWR DISTRIB/GROUNDING (EFD) 

IR REGION COMMUNICATION (EFD) 

CABLE TRAYS (EFD) 

-UTILITY BUILDING 

~ DETECTOR PROJECT 

02 

03 

03 

04 

04 

03 

03 

04 

04 

04 

03 

04 

04 

04 

03 

02 

03 

03 

03 

03 

04 

05 

05 

05 

04 

968 

0 

0 

0 

0 

0 

51 

40 

11 

0 

917 

100 

817 

0 

0 

2,833 

347 

653 

0 

1,713 

1,571 

229 

552 

790 

142 

11,784 

0 

0 

0 

0 

0 

6,1n 

1,968 

640 

3,569 

5,607 

924 

4,084 

599 

0 

7,749 

6,420 

0 

0 

0 

0 

0 

0 

0 

0 

358 

0 

0 

0 

0 

0 

223 

45 

14 

164 

134 

21 

91 

23 

0 

271 

232 

0 

0 

0 

0 

0 

0 

0 

0 

1,325 

0 

0 

0 

0 

0 

274 

85 

25 

164 

1,051 

121 

908 

23 

0 

3,104 

580 

653 

0 

1,713 

1,571 

229 

552 

790 

142 

159 12% 

0 0% 

0 0% 

0 0% 

0 0% 

0 0% 

33 12% 

10 12% 

3 12% 

20 12% 

126 12% 

15 12% 

109 12% 

3 12% 

0 0% 

661 21% 

145 25% 

163 25% 

0 0% 

308 18% 

283 18% 

41 18% 

99 18% 

142 18% 

26 18% 

Page 2 

1,484 

0 

0 

0 

0 

0 

307 

95 

28 

184 

1,1n 

135 

1,017 

25 

0 

3,765 

725 

816 

0 

2,021 

1,854 

270 

651 

932 

168 



' 

GEM COST ESTIMATE SUMMARY 4/26193 

INTERFACE SUBSYSTEM 
FY93 U.S. Dollars 

NBS Code Description WBSLevel Material, k$ Man Hours Labor, k$ M+L,k$ Contingency, k$ "lo TOTAL, k$ 

'0.05.4.2.1 RESERVED 05 0 0 0 0 0 0% 0 

'0.05.4.2.2 COMMUNICATION (EFD) 05 142 0 0 142 26 18% 168 

'0.05.5 MECHANICAL CONTROLS (EFD) 03 120 1,329 39 159 44 28% 203 

'0.06 -CRANES 02 5,439 0 0 5,439 544 10% 5,983 

'0.06.1 -SURFACE CRANES 03 5,439 0 0 5,439 544 10% 5,983 

'0.06.1.1 SURFACE CRANE SYSTEM DESIGN (EFD) 04 0 0 0 0 0 0% 0 

'0.06.1.2 SURFACE CRANE SYSTEM DOCUMENTATION (EFD) 04 0 0 0 0 0 0% 0 

'0.06.1.3 SURFACE CRANE SYSTEM PROCUREMENT 04 5,439 0 0 5,439 544 10% 5,983 

'0.06.2 RESERVED 03 0 0 0 0 0 0% 0 

'0.07 ·AUXILIARY EQUIPMENT 02 1,437 9,480 340 1.m 462 26% 2,239 

'0.07.1 EXPERIMENTAL HALL SYSTEM 03 1,437 9,480 340 1.m 462 26% 2,239 

·0.08 ·GAS SERVICES 02 1,478 7,726 205 1,683 311 19% 1,995 

·o.oa.1 ·ASSEMBLY BUILDING 03 1,132 2,038 54 1,186 214 18% 1,399 

'0.08.1.1 GAS SYSTEM ASSY EQUIPMENT (EFD) 04 96 0 0 96 17 18% 113 

'0.08.1.2 CONSUMABLES • ASSY BLDG (EFD) 04 1,036 0 0 1,036 187 18% 1,223 

'0.08.1.3 GAS SERVICES MFG, ASSY, TEST· ASSY BLDG (E 04 0 2,038 54 54 10 18% 64 

0.08.2 ·DETECTOR HALL 03 283 5,Q15 132 415 75 18% 490 

·o.08.2.1 GAS SYSTEM HALL EQUIPMENT (EFD) 04 160 0 0 160 29 18% 189 

'0.08.2.2 CONSUMABLES • HALL (EFD) 04 123 0 0 123 22 18% 145 

'0.08.2.3 GAS SERVICES MFG, ASSY, TEST· HALL (EFD) 04 0 5,015 132 132 24 18% 156 

·o.o8.3 GAS CONTROL & MONITOR SYSTEM (EFD) 03 63 673 19 82 23 28% 105 

0.09 -SURVEY ALIGNMENT SYSTEMS 02 467 17,392 438 906 91 10% 996 

0.09.1 SURVEY ALIGNMENT SYSTEM DESIGN (EFD) 03 0 0 0 0 0 0% 0 

0.09.2 SURVEY ALIGNMENT SYSTEM DOCUMENTATION (EFD) 03 0 0 0 0 0 0% 0 

0.09.3 SURVEY ALIGNMENT SYSTEM PROCUREMENT (EFD) 03 418 277 8 426 43 10% 469 

O' DETECTOR PROJECT Page 3 



INTERFACE SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 

FY93 U.S. Dollars 

4/26193 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

70.09.4 

70.09.5 

70.10 

ro.10.1 

•0.11 

'0.11.1 

'0.11.1.1 

'0.11.1.2 

'0.11.1.3 

'0.11.1.3.1 

'0.11.1.3.2 

'0.11.1.3.3 

'0.11.1.3.4 

'0.11.1.3.S 

'0.11.1.3.6 

'0.11.1.3.7 

·0.12 

'0.12.1 

·0.12.1.1 

'0.12.1.2 

'0.12.1.3 

'0.12.1.4 

'0.12.2 

'0.12.2.1 

'0.12.2.2 

SURVEY ALIGNMENT SYSTEM MANF, ASSY & TEST (EFD 

SURVEY ALIGNMENT SYSTEM INSTALLATION & MONITOR 

-MAGNETIC SHIELDING SYSTEMS 

MAGNETIC SHIELDING SYSTEM PROCUREMENT 

-TEST BEAM I CALIBRATION HALL 

-CALIBRATION HALL 

MECHANICAL SYSTEMS (EFD) 

DAQ 

-EQUIPMENT & SUPPLIES 

SHIELDING BLOCKS/PLATFORMS (EFD) 

RIGGING (EFD) 

TOOLS & FIXTURES (EFD) 

ACCESS EQUIPMENT (EFD) 

ELECTRONICS SUPPORT (EFD) 

TECHNICAL LABOR SUPPORT (EFD) 

CONSUMABLES (EFD) 

-DETECTOR CABLE AND PLUMBING ROUTING, DESIGN AND V 

-DETECTOR CABLE AND PLUMBING (C&P) INSTALLATION 

DETECTOR C&P DESIGN 

DETECTOR C&P DESIGN DOCUMENTATION 

DETECTOR C&P PROCUREMENT AND FABRICATION 

DETECTOR C&P INSTALLATION 

-CABLE AND PLUMBING ROUTING (C&PR) AND INSTALLA 

C&PR AND m TEST FIXTURE DESIGN 

C&PR AND m TEST FIXTURE DOCUMENTATION 

~ DETECTOR PROJECT 

03 

03 

02 

03 

02 

03 

04 

04 

04 

05 

05 

05 

05 

05 

05 

05 

02 

03 

04 

04 

04 

04 

03 

04 

04 

14 

36 

268 

268 

1,632 

1,632 

100 

200 

1,332 

240 

287 

350 

305 

100 

0 

50 

299 

156 

26 

7 

114 

9 

144 

6 

2 

8,539 

8,577 

0 

0 

16,831 

16,831 

0 

0 

16,831 

41 

0 

488 

0 

0 

16,302 

0 

31,163 

26,048 

5,848 

3,898 

354 

15,948 

5,114 

532 

1,418 

215 

216 

0 

0 

294 

294 

0 

0 

294 

2 

0 

10 

0 

0 

283 

0 

841 

691 

150 

110 

11 

420 

151 

21 

38 

228 

251 

268 

268 

1,927 

1,927 

100 

200 

1,626 

242 

287 

360 

305 

100 

283 

50 

1,141 

846 

176 

117 

125 

428 

294 

27 

40 

23 10% 

25 10% 

64 24% 

64 24% 

531 28% 

531 28% 

25 25% 

60 30% 

446 27% 

73 30% 

86 30% 

108 30% 

92 30% 

30 30% 

42 15% 

15 30% 

246 22% 

194 23% 

32 18% 

15 13% 

40 32% 

107 25% 

52 18% 

10 38% 

4 10% 

Page 4 

251 

276 

332 

332 

2,457 

2,457 

125 

260 

2,072 

315 

373 

468 

397 

130 

325 

65 

1,387 

1,040 

208 

133 

165 

535 

347 

38 

44 



INTERFACE SUBSYSTEM 

GEM COST ESTIMATE SUMMARY 
FY93 U.S. Dollars 

4/26193 

WBSCode Description WBS Level Material, k$ ManHours Labor, k$ M + L, k$ Contingency, k$ % TOTAL, k$ 

70.12.2.3 

70.12.2.4 

70.13 

C&PR AND m TEST FIXTURE PROCUREMENT 

C&PR AND m TEST FIXTURE MANF, ASSY, TEST 

RESERVED 

~ DETECTOR PROJECT 

04 

04 

02 

130 

5 

0 

177 

2,988 

0 

5 

87 

0 

135 

92 

0 

15 11% 

23 25% 

0 0% 

Page 5 

150 

115 

0 
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OPEN PLAN 0 LEVEL I I SUMMARY BASELINE SCHEDULE Pro:l•ct1 INTEll G E M 
Reports TDR_SUM1 DETECTOR Status as of: 010CT91 

70 INTERFACE SYSTEMS ~urrent Dates 27APR93 
Pa.ae1 1 

I I I I I I 
Summarv Descriotion Baseline Start/Finish \Como 1992 1993 1994 1995 1996 1997 1998 1999 

BS:lO INTERFACE SYSTEMS I I I I I I I 

I I I I 
05JAN93 05JUL99 I I I I I I I I I I I I Ill/II/II /////I 

I I I 
BS:70.01 Central Detector Support (CD 'i J 

I I I I I I I 
05JAN93 07JUN96 I CZJ 

l l I I I I 
BS:70.02 Beam Pipe 

I I I I I I 
19FEB96 02APR99 

1' 
//J 

I I I 
~::;:1u.uJ uerecror Access Equ1pmenr 

I I I I I I I 
080CT93 14APR95 I I 

I I I I I I I 
BS:111.u4 uerecror ::;arery ::;ysrems 

I I I I I I I I 
12APR94 05MAR99 I I I 

I I 
a":1u.u5 ur111ry ::;erv1ces 

I I I I I I I 
06MAR95 240CT96 

I I I I I I I I 
BS:tU.Uli t;ranes 

I I I I I I I 
14NOV94 18APR96 I I 

I I I I I I 
~::;:111.u1 Aux111ary Equipment 

I I I I I I I 
01JUL94 06FEB96 I I 

I I I I I I 
a":ru.uB Gas services · 

I I I I I I I 
13JUN94 20MAY96 I I 

I I I I I I 
1J\):1u.u11 ::;urvey 

I I I I I I I 
03JUN94 08APR96 I I 

I I I I I I 
1J»:tu.1u Magner1c :m1e1a1ng 

I I I I I I I 
180CT95 24JUL97 I 

I I I I I I 
1J::;:1u.11 1esr ueamtt;a11orar1on na11 

I I I I I I I 
.egend c=J Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT Signatures 

l'.7Zl Critical 
- Float GEM PROJECT OFFICE Approved by: ------------------------

1 Baseline 'iJ Projected f Actual • 



• 
OPEN PLAN 0 LEVEL I I SUMMARY BASELINE SCHEDULE Projectt :INTER G E M 

Reports TDR_SUM1 DETECTOR Statul!I ae of s 010CT91 70 INTERFACE SYSTEMS current Oat•~ 27APR93 
ran• t 2 

Baseline Start/Finish I 1993 I 1994 
I I I I 

Summarv Descriotion \Como 1992 1995 1996 1997 1998 1999 
I I I I I I I I 

31MAR94 07MAR96 I 
I I I I I I I 

1:1:;: 1u. 12 i;ao1e rx 1'1umo1ng Hour mg 
I I I I I I I 

03MAY93 10MAR97 I I I 
I I I I I 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

.egend D Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT Signatures 
UZI Critical 
- Float GEM · PROJECT OFFICE Approved by: ------------------------

1 Baseline 9 Proiected T Actual 
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OPEN PLAN 0 LEVEL I I I SUMMARY BASELINE SCHEDULE roject1 :l:NTER G E M 
eporti TDR_SUMl DETECTOR tatua as of: 010CT91 

70 INTERFACE SYSTEMS urrent Oatet 27APR93 
aaes l 

I I I I I I 
Summarv Descriotion !Baseline Start/Finish \Como 1992 1993 199' 1995 1996 1997 1998 1999 

JS: 70 INTERFACE SYSTEMS 
I I I I I I I 

I I I I 
05JAN93 05JUL99 I I I I I I I I I I I I I I I 11 / 

I I I 
1:;:10.u1 lienrrar uerecror :;upporr (liu ,, 

I I I I I I I 
05JAN93 07JUN96 I !ZI 

I I I I I I 
1:;:1u.ui tseam t'tpe 

I I I I I I I 
19FEB96 02APR99 I I m 

I I I 
1:;:1u.uJ uerecror Access tqu1pmenr 

I I I I I I I 
080CT93 14APR95 I I 

I I I I I I I 
1:;:1u.u4 uerecror :;arery :;ysrems 

I I I I I I I I 
12APR94 05MAR99 I I I 

I I 
15:70.05 Ur111ry :;erv1ces 

I I I I I I I 
06MAR95 240CT96 I I I I I I I I 

1:;:1u.u11 <;ranes 
I I I I I I I 

14NOV94 18APR96 I I 
I I I I I I 

1:;:1u.u1 Aux111ary tqu1pmenr 
I I I I I I I 

01JUL94 06PEB96 I I 
I I I I I I 

1:;:1u.u1J uas :;erv1ces 
I I I I I I I 

13JUN94 20MAY96 I I 
I I I I I I 

1:;:1u.u11 :;urvey 
I I I I I I I . 03JUN94 08APR96 I I 
I I I I I I 

i:;:1u.1u Magner1c ;:,n1e1a1ng 
I I I I I I I 

180CT95 24JUL97 I 
I I I I I 

i:;:1u.11 1esr tseam1lia11orar1on na11 
I I I I I I I 

.egend CJ Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT Signatures 
rlll Critical 
- Float GEM PROJECT OFFICE Approved by: ------------------------

1 Baseline \] Projected T Actual • 
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OPEN PLAN 0 LEVEL I I I SUMMARY BASELINE SCHEDULE 

Projects I.NTER G E M 
Report1 TDR_SUM1 DETECTOR status aa oft 010CT91 70 INTERFACE SYSTEMS =urrent Date 1 27APR93 
Paae: 2 

I I I I I I 
Summary Description Baseline Start/Finish \Comp 1992 1993 1994 1995 1996 1997 1998 1999 

I 
: I 

I I I I I 
31MAR94 07MAR96 I 

I I I I I I 
'Efa:ru.1i <;ao1e & l"tumotng Hou11ng 

I I I I I I I 
03MAY93 10MAR97 I I I I I I I 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I I I 

I I I I 
I I I I 

I I I I . 
I I I I 
I I I I 
I I I I 
I I I I 

.egend D Baseline SUPERCONDUCTING SUPER COLLIDER PROJECT Signatures 
ml Critical 
- Float GEM · PROJECT OFFICE Approved by: ------------------------

I Baseline \J Proiected T Actual 
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GEM DETECTOR Date: 27APR93 

WBS 70 - INTERFACE SYSTEMS Pro'iect I INTER 
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30000 
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$4, 779, 929 entral Detector Support (CDS) 
$2,402,705 earn Pipe 

$1,993,301 I Detector Access Equipment 
$1,484,335 etector Safety Systems 

$3,765,077 I Utility Services 
$5,982,680 I ~ranes 

$2,238,463 I ~uxiliary Equipment 
$1,994,523 I Gas Services 
$ 9 9 6, 0 2 9 I Survey 

$ 332,320 I Magnetic Shielding 
$2,457,138 I West Beam/Calibration Hall 

$1,386,584 able & Plumbing Routing 
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12,000 

10,000 

8,000 

WBS 90 PROJECT MANAGEMNET 
LEVEL 2 COMPONENTS 

ESTIMATED TOTAL k$23,274 

<;" ~ CONTINGENCV k$ 

[ 6,000 53 MATERIAL k$ 

~ • LABORk$ 

4,000 

2,000 
IOlllllllUllllUOlllllllllllllllilllllllllllllllllt 

0 

90.02 Engineering & Integration 90.01 Project Management, Planning, & Controls 90.03 Environmental Safety & Health I Oa 90.04 Administration 
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