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Abstract: 

The agenda, attendees, and transparencies of the GEM Muon 
Engineering Status Meeting held on June 17, 1992 at Draper Laboratory 
are presented. Agenda items: Remarks - Frank Taylor; Overview-Draper 
Activities; Brief Outline of 'Cost' Presentation for Next Week's Meeting at 
SSCL; Prep for PAC Meeting; and Review/New Action Items. 
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AGENDA 

GEM MUON ENGINEERING STATUS MEETING 

AT DRAPER 
(ROOM 2278) 

3PM--17 JUNE 1992 

I) REMARKS 

2) OVERVIEW-DRAPER ACTIVITIES 

3) BRIEF OUTLINE OF 'COST' PRES 
FOR NEXT WEEK'S MEETING AT 
THE SSCL 

4} PREP FOR PAC MEETING 

A) MUON SYSTEM DESIGN 

B} MUON SYSTEM ALIGNMENT 

6) REVIEW/NE\V ACTION ITEMS 

7) SET AGENDA FOR NEXT WEEK 

8) ADJOURN 

F.TAYLOR 

H. BAKER 

GUSTAVSON/NIMBLETT 

F. NJMBLETT/ET EL 

J, PARADISO 

ALL 

ALL 

3 

5 MIN 

5 MIN 

5 MIN 



H. Baker/Draper 



OVERVIEW 

NEAR TERM TASKS 

I. COST REVIEW UPDATES 

.6/17/92 
H\VB 

1) PRESENTATION STATUS FOR 6/23-24 COST MEETING 
2) NEW INFO FROM WUEST ON RPCs/BROMBERG ON PDTs 

II. BASELINE II & PAC 
1) NE\V TEXT FOR MAJOR SECTIONS 
2) UPDATED MILESSTONES 
3) FLUX CONCENTRATOR AT 9.4 DEG & NONPROJECTIVE 

-NEW B-FIELD CALCULATIONS 
-NE\V RESOLUTIONS SIMS 

4) BARREL-KEEP 8-8·4 CONFIG 
5) ENDCAPS-COST AND 8-8-4 CSC CONFIG 
6) UPDATE DRA\VINGS OF CHAMBER CONSTRUCTION 

-REQUEST HAS BEEN l\1ADE OF THE TECH-PROPONENTS 
7) SUPPORT STRUCTURE 

-DETAILS OF TRUSS \VORK/BARRELS&END-CAPS 
8) DEPLOYJ\.IENT OF CHAl\1BERS IN SUPPORT STRUCTURE 

-OVERLAP/NON-OVERLAP 
-COVERAGE 
·LEVER ARM 
• J\.fATERIAL DISTRIBUTION 

9) UPDATED TABLES 
• CHAMBER \VEIGHTS 
- CHANNEL COUT 
- GAS VOLUMES 

10) ALIGNMENT SYSTEM 
-TABLE OF REQ (TOLERANCE FOR ALL DIMENTIONS 
• COMPARISON OF ALIGNMENT TECHS 
·ALIGNMENT PATHS DELINEATED ON SUPPORT STRUCTURE 
- MATRIX OF TRANSFERS 

11) UPDATED SIMULATION 
- BACKGROUNDS (\VITH NEW CALORIMETER 
- TRIGGER 
- RESOLUTIONS (8·8-4 IN ENDCAPS, NEW FC) 

7 



~ 

GE.M MUON System Engineering Schedule for PAC Status Report 
Draper Activities 

1992 

Prep for PAC Meeting June July 
8 9 101112131415161718192021222324252627282930 1 2 3 4 5 6 7 8 9 

Period of Pert 
1) Muon Sya De•IAn (Nimblett) I I I I I i I I ! I I I . 

a) Details of the S.S. ! i i i ! ! l i ! 
1) 3.<f dr of mods wtchm, Bar&EC , . , , 1 1 1 , , "U i i 
2) Details of joints j l I i I j , Multlpl• vl•w• \ j i i l 

a) 3-dim dr of 1 loint , ~l I j i i I ! I 
3) Details of sir attach to maR . . . . . i L,). ! ! ! i I 1 

4) Details of interf hdwre-chmtS.S l ! I I i I l i I I j I ! .. l i \ l ! 
a) Chm end w/all11n hdwre . • , i I j"U i l ! ! 
b) Chm In structure . . , , i I I i ; "Z,l i ! 
c) CoveraQe In theta/phi for I ! I I 1 J I i I i i i i i ! i 

1) PDTs ""' i ! i ! i i i : ' I A. I : : I 

T 
t • I , • f 

2)LSDs 1 i'llU i i ! • 
# , I . : : , I 

3)CSCinEndCap • . • l ! I i j, I i .~ ! ! i 
d) Mod lnstal process !Bar/ E.C) , , , , ·• 1 ! i 1 I "U ! i l i 

bl Di~ of struct. anal (BartECl. , • ! I ~ End cep co~pltt• i [ ! ! 
c) lndiv mod concpt for Bar reQ1on 1 B•rr•I complete 1 i i i 1 

I I. I I 1 
• • ! • 

I I : I : 

2) Muon . Sya ~llAn/Lcl (Puadlao) . ! I \ l ! I j 
al Baseline des1Anw/r SWAT, RASNIK I I ; I , ...l ! ! i 
bl Identify scheme for Superlayer spac ..;;: ; i ' i , ~ ! j 
c) Deline parameters forstruct. draw'• .. i i I ! I i -.i l. 

I j j : I 
i : ! . ! 
r : ! I i 
1 i i I i 
I i i I i 
I ! . I I 

I I I I I 

I I I I I 
! I i ~edhe day, !June 17, ~9! 2 

; I \ i I : I ! I : ! I 



OVERVIEW 

NEAR TERM TASKS 

I. COST REVIEW UPDATES 
1) PRESENTATION STATUS FOR 6/23-24 COST MEETING 

6/17/92 
H\VB 

2) NEW INFO FROM WUEST ON RPCs/BROMBERG ON PDTs 

II. BASELINE II & PAC 
1) NEW TEXT FOR MAJOR SECTIONS 
2) UPDATED MILESSTONES 
3) FLUX CONCENTRATOR AT 9.4 DEG & NONPROJECTIVE 

-NEW B-FIELD CALCULATIONS 
-NEW RESOLUTIONS SIMS 

4) BARREL-KEEP 8-8·4 CONFIG 
5) ENDCAPS-COST AND 8-8-4 CSC CONFIG 
6) UPDATE DRAWINGS OF CHAMBER CONSTRUCTION 

-REQUEST HAS BEEN MADE OF THE TECH-PROPONENTS 
7) SUPPORT STRUCTURE 

-DETAILS OF TRUSS WORK/BARRELS&END·CAPS 
8) DEPLOYMENT OF CHAMBERS IN SUPPORT STRUCTURE 

-OVERLAP/NON·OVERLAP 
·COVERAGE 
·LEVER ARM 
• MATERIAL DISTRIBUTION 

9) UPDATED TABLES 
• CHAJ\fBER \VEIGHTS 
• CHANNEL COUT 
• GAS VOLUMES 

10) ALIGNMENT SYSTEM 
·TABLE OF REQ (TOLERANCE FOR ALL DIMENTIONS 
·COMPARISON OF ALIGNMENT TECHS 
·ALIGNMENT PATHS DELINEATED ON SUPPORT STRUCTURE 
• MATRIX OF TRANSFERS 

11) UPDATED SIMULATION 
• BACKGROUNDS (WITH NEW CALORIJ\fETER 
·TRIGGER 
• RESOLUTIONS (8·8-4 IN ENDCAPS, NEW FC) 
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Action Items, Muon Eng Status Meeting-update 6110/92 

Action lt•m Action Item# 
(5/20 mtg) 

5·20·1 We need interface drawings specifying stay-clear regions 
between magnet and support structure and calorimeter. 

~ I Drawings are also needed to specify the chamber mounting 
concept. What support structure Is needed for the barrel 
(graphite frame as envisioned fol the RPC.) 

6-2-$ II was s1199HledthaHh&-bar~ligtwalion 
be ahanged la 4:8:4 fof..oost~lioft 
perlarma11ee will alee h8'<'e to be e·tal11ated fer this 

~ 

AHlgnee 

F. Nimblett 

~I 

5·20~3 The detalls of the chamber coverage needs to be worked out IF. Nimble II 

These irema I In the region between sectors. For the PDT's, how many 
connected tube layers will there be in that reqlon, and what is the 

dead space? For the LSDT's, what is the dead space in that 
'---~--'I region? 

5·20~4 

~ 

5·20-5 

5·20·6 

We need blow-up drawings of this corner, Indicating the 
attachment of the chambers and Iha dead space. 

We-fl8ad--lo-1!19t--th&-tfalleol ioo-spaoifioalkHHIHha-oly06tar, I F.-Nimbl&lt 
~tabilily-oHhe length-of-llKt-

...... tiofl-be 
writte11 ill a memo &Ad aent to Mike Harrie, Li<.iermOfe; 

Mike Maf'll 

Ara there arw alniel11rel members 111 the Dre98AI sow 

"8me desig1t YJhieh baN PIG load? 

Reaction to Jacques Pier -Amory's proposal for 
Installation of chambers. Practical?, Cost effective? 

Page 1 

M. Furey 

A. Kondoleon 

Due Date 

T80 
6/3 

~ 

5127 

~ 

~ 

NotH 

Nimblelt to generate a list 
of required info. Letter to be sen! 
on 5128 to Harris/Sanders. 
Reqest info available 613. Som 
Info sent. On-going to TOR. 

JGempktte 

In process-Kelsey to 
drawings 

provide 

E>tafH~2'h-+o 

3-Juft 

~I~ 

On-going 
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Action lteml 

5·20·7 

~ 

5-20·9 

5-20·10 

5·20·11 

5·20·12 

Action Items, Muon Eng Status Meeting· update 6/10/92 

Action Item Assignee Due Date 

What savings will result from construction of the FFS J. Sullivan TBO 
using non-tapered Iron plates? What is the results of the 
resolution, L-angles, nonuniform magnetic field? 

'•'le Reed le N'itia•x the Reed fer removiAgehambef&? ~ =!BG 

Sllould !hie be a deslgn~al? WhaHs-fhe-aHoelaled-oost 64-5 

~ 

FoP: aligArneAt, there is a Aeed-to-speotfy-th&-dmio .h-Paradise ~ 

raftge Reeded-tor the etfalghtneea moftttore . PhotopollHft&Y 
. . - . . 

her-leollllelog .. -

A-deoisioA has to ha made seort aboul-what--efig J Paradise ~ 

apparatus '•1'11 ehot1ld hBYe fer lhe +lR this summer. The 
M8"J 22 meatiAg aheuld foeua eft-thia issue. 

. 
R:-GuslaYSoA ~ •• r ·r .. . . . 

eosl lnklrmallon-by May 22 . Ma)' 2? Is lhedeadHAe by 
' . . . - .. . . 

~loe~ganlzational 

oheft-for-t~tem: Hrl3al\8f ~ 

64-5 

Page 2 

Notes 

On-going. It appears manufactorir 
requires taper. 

For CSC maAdalel')'. E>ep&Ads 
. 

. , 
-~· . ·~ 

a\-m\lo!Hnlg-oA 615; YES 

--
~ -~ 

2mm d)'namie raange el the 

~ 

Per FET, this--aelien--wi 
a trans~ 

Completed 

~l\.delayed-tl>-following 

·.vealc. la~ 
~ . 
-respo!IS4h 
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Action Items, Muon Eng Status Meeting-update 6/10/92 

Action ltemt 

(5·27 mtg) 

5 27 1 

5·27·2 

• • • • • • • • • • • • 

Action Item Assignee 

~9 ·~ 
Provide baseline drawing of alignment concept. Determine IJ. Paradiso 

quantization • 

(6·10 mtg) IF•llowlno NI• ... duo pool PAC mtg: .. _ -och lot mlg lo proceed. 

6·10·1 

6°10·2 

6-1 0·3 

6·10·4 

Evaluate feasibility of improving theta acceptance for the jJ. Kelsey 

LSDT chamber option. 

Chamber end gap-150mm. Send letter to Harris with copieslF. Nimblett 

toMarx, Deis, Johnson, Pohlen to voice concern over this and 

recommend that the gap stay where it is at a minimum 

Explain rationale for selecting a 16-foid symmetry. F. Nimblett 

Leiter Marx to indicate concern over the approach of splilli~F. Nimblett 

up the muon system and promoting a scenario which takes the 
whole endcap moun system out with the FFS, perhaps 

even permanently attached to the FFS. 

, .. ":·,; r-,·1~"-C Aj~
f 'L (J1? 

Page 3 

Due Date Notes 

S/-2-9 Gemplete 

PAC mtg On-going 

Post PAC IL. shape structural support piece 
meeting is in the way. Make it smaller ani 

if possible, a better fit with the 

space. 

Post PAC 

meeting 

Post PAC 
meeting 

Post PAC 
meeting 



NOTES FOR MUON ENG STATUS MEETING 

DRAPER ONLY 

• NEW ACCOUNT NUMBERS WERE SENT A FEW DA VS AGO 

• USE THEM II 

6/17/92 
HWB 

• DRAFT TASK AGREEMENTS ARE ON THE WAY (OUT TOMORROW) 
•TALK TO LISA BRENNEN ABOUT CHANGING THE PMS SHEETS 
• PRETTY MUCH EVERYTHING IS NEGOTIABLE EXCEPT THE 

BUDGET 

• TASK LEADERS TO SUBMIT TO BAKER STATUS BULLETS BY THE 
END OF EACH MONDAY 

• 1 PAGE-KEEP IT TOP LEVEL 
•NOTE ISSUES/CONCERNS 

• NIMBLETT TO PROVIDE ONLY A COPY OF HIS NORMAL 
STATUS REPORT WITH EXPLETIVES DELETED 

•RECEIVED REQUEST FOR INPUTS TO HAZARD ANALYSIS REPORT (TODAY) 
•DUE TODAY 
•BAKER HAS A PROBLEM WITH THIS-

1) NOT ON HIS LIST OF PRIORITIES 
2) NOT ON HIS SOW 
J) FET & HWB-CAN WET ALK? 

13 



Frank Nlmblett/Draper 
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PRELIMINARY GEM PDT BARREL LAYOUT 
(2,3,3 CHAMBERS PER LA YER) 

PROJECTIVE CRACKS 

F. Nfmblell 
6/17/92 
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PRELIMINARY GEM PDT BARREL LAYOUT 
(2,3,3 CHAMBERS PER LAYER) 

PROJECTIVE CRACKS 

F. Nimblett 
6117/92 



..... 
~ 

Mechanics 

100.00 
125.00 
150.00 
175.00 
200.00 
225.00 
250.00 
275.00 

Membrane Ion • 

Z·Clear 

25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
5.60 

PDT/63012,3,3/1 CO/PROJECT A 

Anale Lost Anal• Lost Anal• Lost Total Lost Anola Covered %Covered 
within barrel Membrane barrel/andcan Angla Barrel of Covered 

0.1240 5.9950 1.8860 6.1190 54.7943 0.9977 

~-· 
ivi /( /{~ /?.rL-h-d1tJo, ·-frrnuriOtr()W P 

< 

Page 1 6117192 2:57 PM 
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Mike DePtero/Draper 



~ ,_.. NTRAL 
EMBRA 

M. D£PIEl«I 6'/ 

i--+- 150mm CLR 

COIL 
---BUSHING 

-~ltl~F======SHOULDER SCREW 
----SHIM 

~:::::+=----SPHERICAL WASHER SET 
~-PRECISION INTERFACE PL T 

INNER VAC VESSEL 
~~ ATTACHMENT PLT 

OUTER POT 

BARREL MODULE 

RPC 





T. Kondolean/Draper 



PDT & RPC CHAMBER SIZES AND VOLUMES 

ITEM DIMENSIONS 

CALORIMETER 00 (11111) 7200 

CRYOSTAT ID lmml 18000 

INNER CLEARANCE (11111\ 50.80 
. 

OllTER CLEARANCE /nvnl 50.80 

tOFSEGMENlS 16 

ACCEPTANCE ANGLE IRADI 0.375 

ACCEPTANCE PERCENT 95.33 

LEVEL TO LEVEL CENTER LINE 111111! 2 436.22 

PDT CHAMBER DIM. RPCITEMS DIMENSIONS 
LEVEL 1 
lUBES 8 LEVEL 1 

TUBE DIAMETER 1111111 38.10 WIDTH lmml 1 515.04 
TUBE WALL THICKNESS lmml 0.30 LENGTH 1111111 3 000.00 

TOP COVER Imm\ 25.40 GAS GAP lnvnl 2 
BOTTOM COVER 111111 25.40 tOFGAPS 2 
TOTAL HEIGHTO mm 319.84 CHAMBER VOL 1111111"31 191eo4n 
LOWER WIDTH I nvn 1 413.09 CHAMBER WEIGHT,...,.., 41861 

TOP WIDTH lmml 1.515.04 
TOTAL NUMBER OF TUBES 300 LEVELZ 

TUBE LENGTH PER CHAMBER lnvnl 3.000.00 WIDTH Imm\ 2.438.24 
TUBE VOL PER CHAMBER 1111111"31 993910565 LENGTH lrnml 3 600.00 

INSIDE N2 VOL TOTAL-PIPE 1rnm•31 1385529411 GAS GAP lnvnl 2 
TOP COVER WEIGHT·-· 11883 tOFGAPS 2 

BOTTOM COVER WEIGHT·-· 108117 CHAMBER VOL 1111111"31 35110872 
SIDE WALL WEIGHT 121 rrun1 45477 CHAMBERWEIGHTrnm 80842 

ltlSE WEIGHT 111 '""'' 301 
TUBE WEIGHT TOT•••-· 901115 LEVEL 3 

FRONT & BACK PANEL WEIGHT 1om1 263380 WIDTH lmml 3 336.44 
TOTAL CHAMBER WEIGHT tn ... 1 4211132 LENGTH /nvnl 3 800.00 

GAS GAP Imm\ 2 
LEVEL 2 •OFGAPS 2 
lUBES 8 CHAMBER VOL lrnm"31 48044711 

TUBE DIAMETER /nvnl 38.10 CHAMBERWEIGHT• .... 1 110823 
TUBE WALL THICKNESS Imm\ 0.30 

TOP COVER lmml 25.40 
BOTTOM COVER-· 25.40 
TOTAL HEIGHT Imm\ 3111.84 
LOWER WIDTH 1rnm1 2 338.29 GASVOWUE METER"3 

TOP WIDTH Imm\ 2 438.24 LEVEL 1 1 SEG. 2 RPC. 0.038 
TOTAL NUMBER OFTUBES 488 LEVEL 21 SEG. 3 RPC8 0.105 

TUBE LENGTH PER CHAMBER 1111111 3 600.00 LEVEL 3 1 SEG. 4 RPC8 o. 1112 
1\JBE VOL PER CHAMBER·~,., 1940113423 TOTAL PER SEG. 0.334 

INSIDE N2 VOL TOTAL-PIPE tmm•3l 289088100 LEVEL 1 1 HALF 0.582 
TOP COVER WEIGHT'""" 225113 LEVEL 2 1 HALF 1.685 

BOTTOM COVER WEIGHT '""'1 21819 LEVEL 3 1 HALF 3.075 
SIDE WALL WEIGHT 121 ,...,., 54573 TOTAL PER HALF 5.342 

TUBE WEIGHT 11 l 1mn1 381 LEVEL 1 TOTAL 1.164 
TUBE WEIGHTTOTAU ""'' 178081 LEVEL 2 TOTAL 3.371 

FRONT & BACK PANEL WEIGHT '""'1 429460 LEVEL 3 TOTAL 6.150 
TOTAL CHAMBER WEIGHT ·-· 704278 'R>TAL SYS.GAS 10.684 

Paga1 45 



LEVEL 3 CHAMBER WEIGHTS KILOS 
ruses 4 LEVEL 1 1 SEG. 2 RPCs 84 

TIJBE DIAMETER (mm) 38.10 LEVEL 2 1 SEG. 3 RPCs 243 
TUBE WALL THICKNESS Imm) 0.30 LEVEL 31 SEG. 4 RPCs 442 

TOP COVER tmml 25.40 TOTAL PER SEG. 769 
BOTTOM COVER lmml 25.40 LEVEL 1 1 HALF 1340 
TOTAL HEIGHT (mml 187.87 LEVEL 2 1 HALF 3880 
LOWER WIDTH lmml 3.284.49 LEVEL 3 1 HALF 7080 

TOP WIDTH lmml 3.336.44 TOTAL PER HALF 12300 
10TALNUMBER OFTUBES 342 LEVEL 1 TOTAL 7761 

TUBE LENGTH PER CHAMBER lmml 3,600.00 LEVEL 2 TOTAL 14180 
TUBE VOL PER CHAAllER tmm-'3) 1359669653 LEVEL 3 TOTAL 24600 

INSIDE N2 VOL TOTAL-PIPE tmm•3) 219496269 TOTAL RPC WEIGHT 46520 
10P COVER WEIGHT•-• 30874 

BOTTOM COVER WEIGHT·-· 30394 
SIDE WALL WEIGHT (2) •-• 27804 

TUBE WEIGHT (1) '""'' 361 
TUBE WEIGHTTOT,&11 =• 123387 

FRONT & BACK PANEL WEIGHT •nm\ 349821 
TOTAL CHAMBER WEIGHT •nm\ 562281 

PDT GAS VOLUME METER•3 
LEVEL 1 ONE SEGMENT 12 CHAAllERSI 1.99 
LEVEL 2 ONE SEGMENT l'1 CHAAllERSl 5.82 
LEVEL3 ONE SEGMENT 14 CHAAllERSl 5.44 

10TALPERSEGMENT 13.25 
LEVEL 1 ONE HALF 31.81 
LEVEL 2 ONE HALF 93.13 
LEVEL 3 ONE HALF 87.02 
10TAL PER HALF 211.95 
LEVEL 1 TOTAL 63.81 
LEVEL 2 TOTAL 188.25 
LEVEL 3 TOTAL 174.04 

TOTAL SYSTEM GAS 423.90 

PDT N2 GAS VOL METER•3 
LEVEL 1 ONE SEGMENT 2 CHAMBERS> 0.28 
LEVEL20NE SEGMENT 3 CHAAllERSl 0.87 
LEVEL30NE SEGMENT 4CHAAllERSl 0.88 

10TALPERSEGMENT 2.02 
LEVEL 1 ONE HALF 4.43 
LEVEL 2 ONE HALF 13.88 
LEVEL 3 ONE HALF 14.05 
TOTAL PER HALF 32.36 
LEVEL 1 TOTAL 8.87 
LEVEL 2 TOTAL 27.75 
LEVEL3TOTAL 28.10 

TOTAL SYSTEM GAS 84.72 

PDT CHAMBER WEIGHTS. KILOS 
LEVEL 1 ONE SEGMENT~ CHAMBERS) 843 
LEVEL2 ONE SEGMENT"' CHAMBERS> 2113 
LEVEL 3ONESEGMENT14 CHAMBERS> 2249 

10TALPERSEOMENT 5205 
LEVEL 1 ONE HALF 13492 
LEVEL 2 ONE HALF 33805 
LEVEL 3 ONE HALF 35986 
TOTAL PER HALF 83283 
LEVEL 1 TOTAL 26984 
LEVEL 2 TOTAL 67610 
LEVEL 3 TOTAL 71972 

TOTAL CHAMBER WEIGHTS 166567 
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LSDT & RPC CHAMBER SIZES AND VOLUMES 

ITEM DIMENSIONS 

CALORIMETER OD lrrml 7200 

CRYOSTAT ID lmml 18000 

INNER CLEARANCE Imm! 50.80 

OlJTER CLEARANCE'"'"" 50.80 

I OF 5EGMENl1S 18 

ACCEPTANCE ANGLE IRADl 0.375 

ACCEPTANCE PERCENT 95.33 

LEVEL TO LEVEL CENTER LINE lmml 2,408.97 

LSDTCHAJIBERS RPCITEMS DIMENSIONS 
LEVEL 1 8 ELEMENTS 

LEVEL 1 LOWER• OF CHAMBERS 2 LEVEL 1 
#OF Ei.e.ENTS 4 WIDTH Imm! 1 481.03 

WIDTH Imm! 1,402.98 LENGTH """'' 3.133.30 
TOP COVER THICKNESS lmml 35.00 GASGAPlmml 2 

BOTTOM COVER THICKNESS lrrml 27.50 #OFGAPS 2 
TOTAL HEIGHT Imm\ 185.00 CHAMBER VOL 1111111"31 9281013 

CHAMBER LENGTH '"'"" 5 848.80 CHAMBER WEIGHT lam• 42740 
CHAMBER VOL FOR LEVEL lmm•31 892834135 

TOTAL TOP COVER WEIGHT'""'' 29085 LEVEL 2 
TOTAL BOTTOM COVER WEIGHT·-· 22837 WIDTH Imm\ 2 420.85 
TOTALEND &SUPPORTWEIGHT•nm• 82503 LENGTHlrrm 3 518.33 

TOTAL SIDE WALL WEIGHiS laml 97909 GASGAPlmml 2 
CATHOOE WEIGHTS""'" 238981 •OFGAPS 2 

TOTAL CHAMBER WEIOHlS ,_, 451274 CHAMBER VOL tmm•3> 11355548 
SPACE BETWEEN LAYERS 78.20 CHAMBER WEIGHT 1am1 78440 

LEVEL 1 UPPER I OF CHAMBERS 2.00 LEVELS 
IOF ELEMENTS 4.00 WIDTH lmml 3 313.93 

WIDTH lmml 1 481.03 LENGTH Imm! 3 880.00 
TOP COVER THICKNESS lrrml 27.50 GASGAPlmml 2 

BOTTOM COVER THICKNESS lrrml 35.00 I OF GAPS 2 
TOTAL HEIGHT lmml 185.00 CHAMBER VOL 1111111"31 12128981 

CHAMBER LENGTH trrml II 21111.110 CHAMBER WEIGHT"""' 111710 
CHAMBER VOL FOR LIEVEL lmm•3l 788774223 

TOTAL TOP COVER WEIGHT'""'' 25829 
TOTAL BOTTOM COVER WEIGHT,_, 32873 
TOTALEND &SUPPORTWEIGHT•nm• 115980 

TOTAL SIDE WALL WEIGHiS laml 104903 GASVOWME llEIER"G 
CATHOOE WEIGHTS·-· 270802 LEVEL 1 1 SEG. 2 RPCa 0.019 

TOTAL CHAMBER WEIOHlS •-• 500387 LEVEL 2 1 SEG. 3 RPCa 0.034 
LEVEL 3 1 SEG. 4 RPCa 0.049 

LEVEL 2 8 ELEMENTS TOTAL PER SEG. 0.101 
LEVEL 2 LOWER I OF CHAMBERS 3 LEVEL 1 1 HALF 0.297 

IOF ELEMENTS 4 LEVEL 2 1 HALF 0.545 
WIDTH /mml 2,327.98 LEVEL 3 1 HALF 0.776 

TOP COVER THICKNESS lrrml 35.00 TOTAL PER HALF 1.818 
BOTTOM COVER THICKNESS lrrml 27.50 LEVEL 1 TOTAL 0.594 

TOTAL HEIGHT lmml 185.00 LEVEL2TOTAL 1.090 
CHAMBER LENGTH lrrml 10,137.00 LEVEL3TOTAL 1.553 

CHAMBER VOL FOR LEVEL tmm•31 2008354669 TOTAL SYS.OAS 3.237 
TOTAL TOP COVER WEIGHT•-• 83586 

Pagel 
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TOTAL BOTTOM COVER WEIGHT•~• 65675 CHAMBER WEIGHTS KILOS 
TOTAL END & SUPPORT WEIGHT <nm) 103711 LEVEL 1 1 SEG. 2 RPCs 85 

TOTAL SIDE WALL WEIGHTS Cam) 254540 LEVEL 2 1 SEG. 3 RPCs 235 
CAlHODE WEIGHTS'""'' 692924 LEVEL31 SEG.4 RPCs 447 

TOTAL CHAMBER WEIGHTS <nm) 1200435 TOTAL PER SEG. 768 
SPACE BETWEEN LAYERS 76.20 LEVEL 1 1 HALF 1368 

LEVEL 2 1 HALF 3765 
LEVEL 2 UPPER I OF CHAMBERS 3.00 LEVEL 3 1 HALF 7149 

#OF ELEMENTS 4.00 TOTAL PER HALF 12282 
WIDTH lmml 2 420.65 . LEVEL 1 TOTAL 7530 

TOP COVER THICKNESS (nvnl 27.50 LEVEL 2 TOTAL 14299 
BOTTOM COVER THICKNESS lnvnl 35.00 LEVEL 3 TOTAL 24585 

TOTAL HEIGHT lnvnl 165.00 TOTAL RPC WEIGHT 48394 
CHAMBER LENGTH lmml 10.555.00 

CHAMBER VOL FOR LEVEL lmm"31 2180154203 
TOTAL TOP COVER WEIGHT•"~' 71106 

TOTAL BOTTOM COVER WEIGHT 1nm1 90498 
TOTAL END &SUPPOATWEIGHT1nm1 107840 

TOTAL SIDE WALL WEIGHTS tnml 265038 
CATHODE WEIGHTS•~• 746376 

TOTAL CHAMBER WEIGHTS laml 1280855 

LEVEL 3 4 ELEMENTS 
I OF CHAMBERS 4 
#OF ELEMENTS 4 

WIDTH lmml 3.313.93 
TOP COVER THICKNESS lmml 27.50 

BOTTOM COVER THICKNESS lmml 35.00 
TOTAL HEIGHT lnvnl 165.00 

CHA!.t!ER LENGTH lmml 14 640.00 
CHAMBER VOL FOR LEVEL lmm"31 4144492271 

TOTAL TOP COVER WEIGHT•-• 135020 
TOTAL BOTTOM COVER WEIGHT 1nm1 171843 
TOTAL END & SUPPORT WEIGHT /nm) 147636 

lOTAL SIDE WALL WEIGHTS laml 490147 
CAlHODE WEIGHTS·~· 1426328 

TOTAL CHAMBER WEIGHTS 1aml 2370974 

LSDT GAS VOWME METEA"3 
LEVEL 1 ONE SEGMENT 14 CHAMBERS I 1.48 
LEVEL 2 ONE SEGMENT 18 CHAMBERS! 4.111 
LEVEL 3 ONE SEGMENT 14 CHAMBERS\ 4.14 

TOTAL PER SEGMENT 11.81 
LEVEL 1 ONE HALF 23.67 
LEVEL20NE HALF 66.118 
LEVEL 3 ONE HALF 86.31 
TOTAL PER HALF 156.117 
LEVEL 1 TOTAL 47.34 
LEVEL 2 TOTAL 133.97 
LEVEL 3 TOTAL 132.62 

TOTAL SYSTEM GAS 313.113 

LSDT CHAMBER WEIGHTS. KILOS 
LEVEL 1 ONE SEGMENT 14 CHAMBERS 952 
LEVEL20NE SEGMENTIRCHAMBERS 2481 
LEVEL 3 ONE SEGMENT 14 CHAMBERS 2371 

TOTAL PER SEGMENT 5804 
LEVEL 1 ONE HALF 15227 
LEVEL 2 ONE HALF 39701 
LEVEL 3 ONE HALF 371136 
TOTAL PER HALF 92863 
LEVEL 1 TOTAL 30453 
LEVEL 2 TOTAL 79401 
LEVEL 3 TOTAL 75871 

TOTAL CHAMBER WEIGHTS 185726 
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PRELIMINARY RESULTS 
GEM END CAP ASSEMBLY 

SUPPORT CONDITION MAX DISPL. (mm) 

COND. #1 (prev. analy'd) 5.0 

COND. #2 10.0 (nodes 523 & 1099) 

COND. #3 2.5 (nodes 523 & 1099) 

COND. #4 T.B.D. 
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Design of Cost-Effective Manufacturing Systems 

CSDL has over 12 years experience establishing assembly systems. 

"Products" include commercial I industrial I military. 

Methods initially intended for Manufacturing Engineers. 

~ Some aspects revised to assist in concurrent engineering. 

Primarily aimed at assembly systems, most of the fundamental 
ideas also apply to component fabrication systems. 

A unique combination of technology and economics. 
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Assembly System Design Program (ASDP) 

Utilizes company economic criteria I data as well as 
the task I resource matrix. 

General Solution 

1. Table of costs and resource assignments 

2. Graph of expected unit costs 

3. Graph of workstation requirements 

4. Graph of investment needed 

Specific Solution 

1. Listing of time and cost allocations 

2. System schematic 

3. Cost vs. batch size vs. utilization graph 
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GEM Muon Barrel Assy. 
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R.E. Gustavson 23 April 1992 

- 31n O.D. tube 

-- 21n x 41n. pipe 
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Tentative Assembly Procedure - Barrel Section 
Final Unit 

An assembly fixture with appropriate locating pins, clamps, etc. is used. 

Procedure for left side - right side is generally symmetrically opposite. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

description 

Place outside half of joints 9, 18 and 25 
into fixture. (2 min. each) 

Place outside half of joints 8, 17 and 24 
into fixture. 

Place outside half of joints 7, 16 and 23 
into fixture. 

Place outside half of joints 6, 15 and 22 
into fixture. 

Place outside half of joints 5, 14 and 21 
into fixture. 

Place outside half of joints 4, 13, 19 and 
20 into fixture. 

Place outside half of joints 3, 11 and 12 
into fixture. 

Place outside half of joints 1, 2 and 10 
into fixture. 

Locate tubes f, d, e, c:,., b, a and c onto 
fixture. (6 min. each) 

Assemble inside half of joints 9, 18 and 25; 
secure with bolt. (10 min. each) 

Secure all devised tube ends (9) with a bolt. 
(8 min. each) 

Locate tubes ft, dJ, ei, c1, bJ, 114 and c onto 
fixture. 

71 

time estimate 

0.15 hr 

0.15 hr 

0.15 hr 

0.15 hr 

0.15 hr 

0.15hr 

0.15 hr 

0.15 hr 

1.05 hr 

0.90hr 

1.SOhr 

1.0Shr 



13 Assemble inside half of joints 8, 17 and 24; 0.90 hr 
secure with bolt. 

14 Secure all devised tube ends (14) with a bolt. 2.SOhr 

15 Locate tubes £1, d.4, l!2. ci, b4, as and c onto 1.05 hr 
fixture. 

16 Assemble inside half of joints 7, 16 and 23; 0.90 hr 
secure with bolt. 

17 Secure all devised tube ends (14) with a bolt. 2.SOhr 

18 Locate tubes ft, ds, eJ, c1, bs, 116 and c onto 1.05 hr 
fixture. 

19 Assemble inside half of joints 6, 15 and 22; 0.90 hr 
secure with bolt. 

20 Secure all devised tube ends (14) with a bolt. 2.80hr 

21 Locate tubes g, di, E!,4, ci, btS. a1 and c onto 1.05hr 
fixture. 

22 Assemble inside half of joints 5, 14 and 21; 0.90 hr 
secure with bolt. 

23 Secure all devised tube ends (14) with a bolt. 2.80hr 

24 Locate tubes gi, d:z, es, c:z, gi, b7, at and c onto 1.20 hr 
fixture. 

25 Assemble inside half of joints 4, 13, 19 and 20; 1.20 hr 
secure with bolt. 

26 Secure all devised tube ends (17) with a bolt. 3.40hr 

X7 Locate tubes g:z, a:z, bt, g:z, a3 and c onto 0.90hr 
fixture. 

28 Assemble inside half of joints 3, 11 and 12; 0.90hr 
secure with bolt. 

29 Secure all devised tube ends (13) with a bolt. 2.60hr 
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30 Locate tubes gJ, bi and c onto fixture. 0.45 hr 

31 Assemble inside half of joints 1, 2 and 10; 0.90 hr 
secure with bolt. 

32 Secure all devised tube ends (13) with a bolt. 2.60hr 

TOTAL time for left half 38.lOhr 

33-64 Time for right half 38.lOhr 

65 Raise outer portion of both sides (in fixture 0.50hr 
which contains hydraulic actuation) to 
11.25 deg. from vertical. Clamp in sector 
fixture. 

66 Locate (5) k pipes and (4) q tubes onto 1.35 hr 
existing joints. 

67 Assemble interior damp for joints 21, 22, 23, 1.50 hr 
24and25. 

68 Secure all devised pipe ends (18) with a bolt. 3.60hr 

69 Locate tube n onto existing joints. 0.15 hr 

70 Assemble interior damp for joints 18 and 25 0.60 hr 

71 Secure all devised pipe ends (2) with a bolt. 0.40hr 

72 Locate (7) j pipes onto existing joints. 1.0Shr 

73 Assemble interior damp for joints 12, 13, 14, 2.10 hr 
15, 16, 17 and 18. 

74 Secure all devised pipe ends (14) with a bolt. 2.80 hr 

75 Locate tube m onto existing joints. 0.15 hr 

76 Assemble interior damp for joints 9 and 18. 0.60 hr 
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77 Secure all devised pipe ends (2) with a bolt. 0.40 hr 

78 Locate (9) h pipes and (8) p tubes onto 2.55 hr 
existing joints. 

79 Assemble interior clamp for joints 1, 2, 3, 4, 2.70hr 
5, 6, 7, 8 and 9. 

80 Secure all devised pipe ends (34) with a bolt. 6.80 hr 

TOTAL time for consolidation 27.25hr 

Total time to assemble structure 103.4Shr 

13 days 

R.E. Gustavson 22May 1992 
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APPLICABLE TECHNOLOGY CHART 
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GEM Muon Barrel Assy. 

ASSEMBLY SYSTEM DESIGN 04-23-1992 17:04:15 

A. S. D. P. Version 6.0 

10.00% Minimum Attractive Rate of Return 

2 year Capital Recovery Period 

61.22% Capital Equipment Residual Value 
22.22% Tooling Residual Value 

25.00 Average Loaded Labor Rate ($/hr) 

240 Working Days per Year 

1.00 Shifts available 

1 Maximum Intervening Non-assigned Tasks for any Resource 

o.oo seconds Station to Station Move Time 

Resource Data Set Name : MUBRLRES 

Task Data Set Name : MUBRLTSK 
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GEM Muon Barrel Assy. 

SYNTHESIZED ASSEMBLY SYSTEM 04-23-1992 17:04:40 

A. s. D. P. Version 6.0 

17 units in Production Batch 

Unused Resource Available Time Scale Factor 1.000 

240.0 Days for 1.0 Shifts~ 240 Days for 1.00 Shifts 

Resources 
* MNl KRT MN2 
********************** 

Avltime * 365929 365929 365929 
Nsta * 6.0 1.0 1.0 
Wrkr * 7.2 0.5 1.2 
vrate * 0.1200 0.1200 0.1200 
Esttime * 129600 14400 151200 
Vrstlty * 1.0 1.0 1.0 

Synthesized system 

Resource Resource Variable Operation Tool Tool Suppoz 
Task used Cost Cost Time Change Number cost 

1 MNl- l 200 58058 14400.0 o.o 101 34022 
2 MNl- 1 0 5440 345600 o.o 102 1134 

3 MNl- 2 200 60098 144000 o.o 1103 1134] 
4 MNl- 2 0 453 28800.0 o.o 1102 1134 
5 MNl- 2 0 1133 72000.0 o.o 1104 51033 
6 MNl- 2 0 907 57600.0 o.o 1105 2268] 

7 MNl- 3 200 63271 345600 o.o 2106 283~ 

8 MNl- 4 200 59871 129600 o.o 3102 113~ 

9 KRT- l 7998 24227 14400.0 o.o 201 ( 

10 MNl- 4 0 2040 129600 o.o 3108 567( 

11 MNl- 5 200 59871 129600 o.o 4109 567( 

12 MNl- 6 200 61911 259200 o.o 5110 567( 

13 MN2- 1 200 59871 129600 o.o 301 1999• 

14 MNl- 7 200 59871 129600 o.o 6112 5671 

15 MN2- 1 0 2720 172800 o.o 302 1999• 

16 KRT- 2 7998 24227 14400.0 o.o 1201 

82 



17 
18 
19 

MNl- 8 
MNl- 8 
MNl- 8 

200 
0 
0 

59645 
453 
227 

115200 
28800.0 
14400.0 

o.o 
o.o 
o.o 

7114 
7115 
7116 

45363 
2835 

17011 

Total Number Time Unit cost Number of 
:Resource 

MNl 
I<RT 

1.00 
MN2 

Cost used used Fixed Variable Tasks Tools 

708056 8 400000 12636 29015 15 
64449 2 16000.0 940.902 %2850.1962890625 

102780 1 336000 2364 3682 2 

Totals 15941 35547 

0.01 Units per Hour 
400000.0 seconds cycle Time Expected 

90.00 % Bottleneck Station Up-time Expected 

15 

2 

17 units Production Capacity of this System 
33.00 $/hr System Operating/Maintenance Rate 

2 

875284 Cost ($) to produce 17 units, with Unit Cost ($) 

System Annualized Charge Factor 0.4339 

624600 ($) Total Investment required 
520500 ($) for required Hardware 

182100 ($) Capital equipment 
338400 ($) Tooling 
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9.64 
0 

1.20 

11.84 

51487 



GEM Muon BaJi~el Assy, 

17 Units S514B7 Each 400000s Cycle IiMe 1.0 Shifts 1.000 AF 

1-2 3-6 7 B 9 18 11 12 13 14 
11.lh 93.3h 06.7h 49.8h 4.4h 49.Bh 48.8h B9.9h 49.8h 49.8h 

15 16 17-19 
53.3h 4.4h 4B.9h 
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GEM Muon Barrel Assy. 

SYNTHESIZED ASSEMBLY SYSTEM 04-23-1992 

A. s. D. P •. Version 6.0 

17 Units in Production Batch 
Actual Unit Cost ($) 51487 

111.11 hours Usable Cycle Time 

17:05:17 

90.0 % Bottleneck up-time 0.01 Units/hr expected 

89Jc 

49Jc 

9Jc 

17 units Actual Capacity of this system 

624600 ($) Total Investment, 
182100 ($) Capital equipment 

rho Factor = 1.20 
338400 ($) Tooling 

11.84 Workers at 25.00 $/hr required 
9.00 Direct 2.84 Indirect 

33.00 $/hr System Operating/Maintenance Rate 

0.984 Year required for 1.0 Shift operation 
240 Days required for 0.98 Shift Operation 

tilization 
Batch 

85 



°' O':) 

I 

l\ii~~~~-
li1iii~i1~11 
:{Process Plan~{ 
::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::: 

Product 
Design 

Piece Parts 

Part Mating 
Taguchi 

I • Jl!iilll~ii~lf iill 

------- -

li~~~~i]ll ~~t~~1~11~ 
RWlQCi> 



00 
"1 

... 
,)!. ~ ..... 'II 1~, 

-s-
Revise 

Sequence 

~ Ass~iii.tiiv ~ 
se<!Ueilce I t ........ ~ 

Alter 

Exploded view 

Spec lfy Test 

Requirements •1l>roce55 i>1an~ 
> ...... -· •• • •.•• .;_. 

:: f asicii:lesoiirce\i 
Matrix 

S. P. M. 
version 2.0 

Key 

@ D•t• Bise <or user 1nput> 

0 Us!i" lnter1ct1on requ1rec 

• Intermediate result 

0 Major result <usua11y printed) 

OBARR• 



x ...... 
'-....., 
ro 
L: ....., 
en 

~ 0 
.:/ u 

E 
LLI Q) ....., 

en 
t r-·1 >-·-· en 

..c 
:::::i 
(/) 

c 
0 
:::::i 
L: 

89 

,... ,... 
s::: 
0 ·-en ·-> 
(1) 

a: 

.. 
c 

"' ..., 
'° 



c 
0 
iii .. 
~ 
I-
Q 
a. 

Ill 
0 

i a: .. 
Ill 
0 
(.) 

E 
a> .. 
"' > 
Ill 
.Q 
:I 
rn 
c 
0 
:I 
:::!! 

0 
0 

"' .. 0 
q 
0 .. 

0 
q 

"' <') 

0 
0 
0 
<') 

0 
q 

"' C\I 

90 

0 
0 
ci 
C\I 

0 
q 
ll) -

0 
q 
0 -

0 
q 
ll) 

0 
q 
0 

ae. 
g 
Cb 

"' i 
c: 
0 
() 

'ii-
5 
Cl w 

'ii-

~ 



c 
0 
'ii ... 
~ 
.... 
Q 
U) 
~ 

Ill 
0 
;:: 
«I a: -Ill 0 
CJ 

E 
Cll u; 
>-
Ill 
.Cl 
::I 
U) 

c 
0 
::I 

:::& 

0 0 
0 C! 
0 ll) 
ll) .... 

0 0 0 
C! 0 0 
0 .,; 0 
.... C') C') 

0 0 0 0 
C!OC!C! 
ll) 0 ll) 0 
N N ..- ..-

91 

I 

I 
+ 

I 

#-
g 
G> 
OI c = c 
0 
u 

#-
::!!; 
c w 

#-
c 
C2 



MuOll Sli>lyslom Coil Summary • Rev. 1 t (w/11 ch11111ber alactn>nlcs) 8118/02 

\'mSNo. Item l:ng1g1De1lgn M&9 tnsp/Admln Molartall A111mbt1 ln11allotlon Equipment Bub·totol contlnganey Total 

(•3.1) Ta .. lt • PDT to.111 S,031 to.sol lt.211 11.2 .. 1.411 7.371 72.tl 10.st 13.550 

(•3.2) Ta .. 11 • LSDT to.tt7 3.033 10.474 17.003 17.st• 1.418 7.377 11.011 11.0H 17. 102 

03.1.1 Canrral Region • PDT 4.433 0.962 3.923 14.045 12.938 1.439 4.602 42.34 12.368 64.708 
03.1.1.1 lnstallallon 0.891 0.075 0.221 0.56 0 1.439 2.31 5.496 1.322 6.818 
03.1.1.2 SllClor A1181nbly 1.861 0.408 2.822 10.805 t 1.448 0 2.132 29.283 8.55 37.633 

03.1.1.2.3 PDTdl"""""9 0.332 0.068 0.904 8.078 6.882 0 0.355 16.637 4.9-49 21.586 
03.1.1.2.4 RPCchtmbl11 0.332 0.089 0.934 1.491 2.7 0 0.346 5.892 1.734 7.626 
03.1.1.2.5 Slructure 0.555 0.072 0.422 0.292 0.906 0 0.856 3.103 1.043 4.146 
03.1.1.2.6 Alignment 0.153 0.112 0.407 0.894 0.264 0 0 1.62 0.345 1.965 

03.1.1.3 Elactn>nlcs 0.153 0.075 0.154 0.2 0.19 0 0 0.772 0.178 0.95 
03.1.1.4 Gas Systems U57 0.334 0.57 2.08 0.638 0 0.16 5.039 1.616 6.657 
03.1.1.5 COollng Systemo 0.464 0.07 0.156 0.4 0.66 0 0 1.75 0.7 2.45 

03.2.1 Central Region • LSDT 4.433 0.96 3.889 9.837 12.236 1.439 4.602 37.396 10.864 48.26 
03.2.1.1 lnstollallan 0.891 0.075 0.221 0.56 0 1.439 2.31 5.496 1.322 6.618 
03.2.1.2 Sactor Assembly 1.668 0.406 2.788 6.597 10.748 0 2.132 24.339 7.046 31.365 

03.2.1.2.3 LSDTdlarnbell 0.332 0.086 0.882 3.663 8.248 0 0.355 11.566 3.428 14.994 
03.2.1.2.4 RPCdla-11 0.332 0.089 0.934 1.491 2.7 0 0.346 5.892 1.734 7.626 
03.2.12.5 Structure 0.555 0.089 0.422 0.292 0.906 0 0.856 3.12 1.043 4.163 

~ 03.2.1.2.8 Allgnmant 0.153 0.112 0.407 0.684 0.264 0 0 1.62 0.345 1.965 

!\:) 03.2.1.3 Elactronlcs 0.153 0.075 0.154 0.2 0.19 0 0 0.772 0.178 0.95 
03.2.1.4 Gii• Systems 1.257 0.334 0.57 2.08 0.638 0 0.16 5.039 1.618 6.657 
03.2.1.5 Coollng Systems 0.464 0.07 0.156 0.4 0.66 0 0 1.75 0.7 2.45 

03.1.2 End Cap Region 2.501 0.584 3.289 7.166 5.36 0.977 2.775 22.652 7.002 29.654 
03.1.2.1 lnstallatlon 0.297 0.036 0.182 0.311 0 0.977 1.5 3.303 0.795 4.098 
03.1.2.2 Sactor Assembly 1.341 0.332 2.26 4.734 4.477 0 1.145 14.289 4.577 18.866 

03.1.2.2.3 csc dlariJell 0.332 0.086 0.864 3.353 3.397 0 0.042 8.074 2.906 10.98 
03.1.2.2.4 Structure 0.555 0.14 0.768 0.084 0.487 0 0.453 2.487 0.772 3.259 
03.1.2.2.5 Alignment 0.157 0.074 0.473 1.112 0.22 0 0 2.036 0.489 2.525 

03.1.2.3 Electronics 0.155 0.017 0.142 0.631 0.119 0 0 1.064 0.245 1.309 
03.1.2.4 Gas Systems 0.629 0.167 0.285 1.04 0.319 0 0.08 2.52 0.809 3.329 
03.1.2.5 Cooing Systemo 0.079 0.032 0.42 0.45 0.445 0 0.05 1.476 0.576 2.052 

03.1.3 Project Mgml. 0 0.435 3.296 0 0 0 3.731 0.373 4.104 

13 R&O 1.791 0.754 0 0 0 0 2.545 0.509 3.054 

23 Concept o..tgn 1.392 0.3 0 0 0 0 1.692 0.338 2.03 



GEM Muon Subsystem Cost Matrix 

changes made for Revision 11 

1. Contingencies were altered In the following way: 

I!~hnl~gl Cosi Schedule 
Group Risk Pct. Risk Pct. Risk Pct. Total 

PDT 8 2 6 1 8 1 30o/o 

LSDT 8 2 6 1 8 1 30% 

RPC 8 2 6 1 8 1 30% 

csc 10 2 8 1 8 1 36% 

c:o Structure 8 2 10 1 8 1 34% w 
Gas Systems 8 2 10 1 8 1 34% 

Fixture Design 2 2 15 1 8 1 27% 

2. Net change (excluding electronics): PDT: ·2.71 M$, LSDT: ·2.40 M$. 
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Muon Subsystem PDT Barrel Sector Assembly 

6.63% 

5. 19% 

10.96% 'IJlllJllllllll -- ·-

• PDT chambers 

• RPC chambers 

• Structure 
c.c 
~ 

57.06% ,o Alignment 

lllID Misc. 
L_ 

20.16% 



Muon Subsystem LSDT Barrel Sector Assembly 

8.40% 

6.26% 

• LSDT chambers 

13.26% '· RPC chambers c.o 47.77% •• CJ'1 
Structure 

D Alignment 

11111 Misc. 
. ---- ·-·-· 

24.30% 



Muon Subsystem End Cap Sector Assembly 

11.14% 

13.38% .---• csc chambers 

• Structure c.c 

'" • Alignment 

58.20% I IJ Misc. 
I 

····' 

17.27% 
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'1 

WBSra 

(·3.1) 

(-3.2) 

03.1 • PDT 

03.2 • LSDT 

03.1.1-PDT 

03.2.1-LSDT 

03.1.1.1 

03.1.1.1.1 
03.1.1.1.1.1 
03.t.1.1.1.2 
03.1.1.1.1.3 
03.1.1.1.1.4 
03.1.1.1.2 
03.1.1.1.2.1 

03.1.1.2 

03.2.1.2 

03.1.1.2.1 
03.1.1.2.1.1 
03.1.1.2.1.2 
03.1.1.2.1.3 
03.1.1.2.1.4 
03.1.1.2.2 
03.1.1.2.2.1 

03.1.1.2.3 
03.1.1.2.3.1 
03.1.1.2.3.1.1 
03.1.1.2.3.1.2 

..... 
PDT Muon Detector cost 

LSDT Muon Detector cost 

Muon SubayL Conllructlon PDT 

Muon SUbayL ConllrucllonlSDT 

ContNI Raglon 

CantNI Raglon 

Contrel Region ln1t1H1llon 

On-Siie 
Test 
Mechanical Assembly 
Electrlcal/Electronlcs Asar 
Fee Prep 
011-811• 
lna11n. Tod Fnl Oagn, Mach, Asay 

cantNI Region Sector AHJ·PDT 

CenlNI Raglon Sector AHylSDT 

On-Siie 
Sector Storage 
'"est 
Asaembly 
Fae Prep 
Oll·Slte 
Assy Flxt Final Oagn. Mach, Asay 

Pr11aurlzed Drift Tubae 
011·811• 
Shipping 
Test 

MUOM llUBBVstllll COS'f MATRlll Rev 11 8/18/02 

En• neerl•• fOetlnn M&S Ins ectlon/Admln ProC/fab A11embl• 
labor Rate Toi al labor Ra1e Tolal Malerlal Labor Rate Subtotal Cand. E"""'t Toolln• 

m• kSlm• kS k• m• kllm• kl k• m• k•1m k• k• kS 

95,2 106 10116 3035 97.7 108 10508 21211 272.2 82 18825 2391 1176 

95.2 108 10118 3033 97.5 107 10474 17003 253.3 84 18086 2341 1226 

Sub-group 03.1 la uaad tor all conalructlon broekdown cotagorlea Hcapt thoaa which an 

71.54 17 8933 IHI 97.89 108 10508 21211 272.23 82 18825 2391 1178 

71.54 17 8933 1979 97.40 107 10474 17003 253.31 84 16086 2341 1226 

41.04 .. 4433 982 43.00 11 3023 14045 100.80 83 12028 1586 706 

48.04 .. 4433 HO 42.IO 11 3800 9137 171.18 88 11288 1536 7561 

o.oo .. 891 75 3.51 83 221 580 

o.oo 0 • 1.31 05 280 
0 0.00 0 10 
3 0.50 69 35 75 
2 0.38 69 26 75 
3 0.50 69 35 100 

1.00 HI 67 2.13 126 300 
9.00 99 891 67 2.13 59 126 300 

15.12 105 1881 408 30.08 04 2822 10805 172.80 62 10728 1586 548 

15.12 105 1888 408 211.18 13 2718 8507 153.18 65 9088 1536 506 

o.oo 0 9 1.44 " 175 12.13 47 602 375 200 
0 0 0.00 0 0 0 
0 3 0.56 69 39 25 1.2! 52 65 100 
0 4 0.63 69 43 100 10.83 46 496 275 200 
0 2 0.25 69 17 50 0,75 52 39 

3.00 2117 23 0.89 55 85 2.13 25 0 0 
3.00 99 297 23 0.88 83 55 85 2.13 55 25 

3.25 102 332 16 9.0 05 904 1078 109.17 80 6506 300 55 
3.25 332 86 9.0 904 8078 109.17 8516 300 55 

2 0.23 69 16 50 0.46 107 49 
3 0.50 133 67 28 5.66 110 623 

Page 1 



i:.c 
00 

WBSro. 

03.t .1.2.3.1.3 
03.t.1.2.3.1.4 
03.1.1.2.3.t.5 
03.1.1.2.3.1.6 

0.3.2.1.2.3 
03.2.1.2.3.t 
03.2. t .2.3. t. t 
03.2. t .2.3. t .2 
03.2.1.2.3. t .3 
03. 2.1.2.3. u 
03.2.1.2.3.t.5 
03.2.1.2.3. t .8 

03.1.1.2.4 
03.1.1.2.4. t 
03.1.1.2.4.t.t 
03.t. 1.2.4.t.2 
03.t. 1.2.4.1.3 
03.1.1.2.4. t.4 
03.1.1.2.4.1.5 
03. t. t .2.4. t .6 

03.1.1.2.S 
03. t.1.2.S.1 
03.1.1.2.5.1.1 
03.1.1.2.5.1.2 
03.1. t.2.5.1.3 

03.2.1.2.5 
03.2.1.2.5. t 
03.2.1.2.5.t.t 
03.2. t .2.5.1.2 
03.2.1.2.5.1.3 

03.t.1.2.8 
03.t.t.2.6.t 
03.1.1.2.8.1.1 
03.1.1.2.6. 1.1 .1 
03. t .1.2.6. t. 1.2 
03.1.1.2.6. 1.1 .3 
03.1.1.2.6. t .1.4 
03. 1.1.2.6. t. 1.5 
03. 1.1.2.6.1.1.6 

Item 

Assembly 
Facill1y Prop 
Machining, lnspeclfon 
Final Ooslgn, 0rwV5pec Mods 

Limned SlrHmor Drift Tubae 
Oll·Sllt 
Shipping 
Tesl 
Assembly 
Facii1y Prep 
Machining, lnspecdon 
Final Design, DrwVSpec Mods 

R1tltllva Plale Caun1era 
011-Sll• 
Shipping 
Tesl 
Assembly 
Facili1y Prop 
Machining. lnspeclfon 
Final Design, 0rwV5pec Mods 

Sector Support Slructuroa PDT 
Oll·Sll• 
Shipping 
Machining, lnspecllon 
Final Ooslgn, ~ Mods 

Seclor Support SlructurHLSDT 
Oll·Slle 
Shipping 
Machining, lnspecllon 
Final Ooslgn, DrwVSpec Mods 

Allgnmtnl • C1llbrtn Sy• PDT 
Locol Ch1mbor AHgnment 
Oll·Slle 
Shipping 
Tesl 
Assembly 
Facili1y Prep 
Machining, lnspecllon 
Final Ooslgn, OlwVSpec Mods 

MUON SUBSYSTEM COST MATRIX Rev 11 6116192 

Enc neerlnc/Oeslan M&S Ina action/Ad min 
Labof Rate Tot•I labof Raia Total 

mv k$/mv k$ k$ m• k$/mv k$ 

14 2.25 133 299 
5 0.75 133 100 

42 5.63 72 405 
3.25 102 332 20 0.13 t 33 17 

3.25 102 332 86 1.411 03 882 
3.25 332 86 9.411 882 

2 0.23 69 16 
3 0.50 133 67 

14 2.25 t 33 299 
5 0.75 133 100 

42 5.63 66 383 
3.25 102 332 20 0.13 133 17 

3.2S 102 332 81 10.05 93 034 
3.2S 332 81 to.os 034 

2 0.23 133 31 
3 0.50 133 87 

14 2.25 133 299 
5 0.75 133 100 

45 6.19 68 421 
3.25 102 332 20 0.13 133 17 

s.oo 111 SSS 89 4.17 85 422 
s.oo 55S 81 4.17 422 

2 0.25 69 17 
46 3.97 75 298 

5.00 111 555 39 0.75 142 107 

s.oo 111 555 87 4.77 86 410 
s.oo 55S 87 4.77 410 

2 0.25 69 17 
46 3.77 76 287 

5.00 t t 1 555 39 0.75 142 107 

1.32 116 153 112 3.25 125 407 
0.66 77 S2 1.63 204 
0.66 77 S2 1.63 204 

25 1.00 125 125 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 
2 0.25 129 32 

0.66 t 16 77 10 

Page 2 

Proc/Fab Assembl" 
Material labof Rate Subtotal ea .. tt. e--t. Toolln" 

kS m• k$/m• k$ k$ k$ 

50 20.00 98 1980 300 55 
0 3.75 97 364 

7950 80.00 45 3600 

3663 02.00 64 5016 250 t 05 
3883 92.00 5016 250 105 

50 0.46 107 49 
28 5.66 t 10 623 
50 20.00 98 1960 250 105 

0 3.75 97 384 
3535 62.13 47 2920 

14111 32.67 78 2554 200 146 
1411 32.67 2554 200 146 

50 0.46 107 49 0 
0 5.50 109 600 50 

50 4.16 t 13 470 t 50 too 
0 3.75 97 364 

1391 16.80 57 1072 0 46 

202 13.05 S7 737 711 145 
202 13.05 737 711 145 

20 0.50 44 22 
272 12.55 57 715 71 t 145 

0 0 0 0 

259 12.00 56 678 711 145 
259 12.00 678 711 145 

20 0.50 44 22 
239 t 1.50 57 656 7 t t 145 

0 0 0 0 

884 2.25 15 214 0 0 
534 t.oo OS 0 0 
S34 1.00 05 0 0 

0.00 0 0 
0.25 95 24 
0.25 95 24 

25 0.25 95 24 
509 0.25 95 24 0 0 



i:.c 
i:.c 

wesno. 

03.2.t.2.8 
03.2. t .2.8. t 
03.2, t .2.8. t. t 
03.2.1.2.8.1.1.1 
03.2.1.2.8.1.1.2 
03.2.1.2.6.1.1.3 
03.2.1.2.6.1.1.4 
03.2.1.2.6.1.1.5 
03.2.1.2.6.1.1.tl 

03.1.t.2.tl.2 
03.1.1.2.8.2.1 
03.1.1.2.1.2.1.1 
03. t .1.2.8.2.1.2 
03.1.1.2.6.2.1.3 
03.1.1.2.6.2.1.4 
03.1.1.2.8.2.1.5 
03.1.1.2.tl.2. I.ti 

03.1.t.3 

03.2.t.3 

03.1.1.3.1 
03.1.1.3.1.1 
03.1.1.3.1.1.1 
03.1.1.3.1.1.2 
03.1.1.3.1.1.3 

03.2.1.3.1 
03.2. 1.3.1.1 
03.2.1.3.1.1.1 
03.2.1.3.1.1.2 
03.2.1.3.1.1.3 

03.1.1.3.2 
03.1.1.3.2.1 
03.1.1.3.2.1.1 
03.1.1.3.2.1.2 
03.1.1.3.2.1.3 

03.1.1.3.3 
03.1.1.3.3.1 

Item 

AllgnlMlll I C1Hbtln By1 LBDT 
loc1I Ch1mber Allgnmenl 
011·811• 
Shipping 
Test 
AHembly 
FadHty Pr1p 
Machining, Inspection 
Anal Dellgn, Dlwg.ISpec Modi 

Olob1I Sletor/R19lon Monftor 
Oll·Slle 
Shipping 
Teti 
Assembly 
FadHty Prep 
Machining, IMpectlon 
Anal Design, Dlwg.ISpec Modi 

Elclrnc11Eletr. Hrdwr1 • PDT 

ElclmcllElctr. Hrdwr1 • LSDT 

PrH1urlz•d Drift TUbH 
Oll·Slle 
SeMe Electronlce I Triggers 
Calllll'atlon Eleclrank:I Dal, Fab, Ship 
High I low Voltage Syolems 

llmhtd SlrHmer Drlh Tube1 
Oll·Sltt 
Sense Eleclronlce I Triggers 
Callbradon Elecllonk:I Dal, Fab, Ship 
High I low Vallage Syolems 

RHltllvt Pl•I• Coun1er1 
Oll·Slte 
Beam Crossing I Triggers 
Calibration Elecllonk:I Dal, Fib, Ship 
High I low Vollage Splems 

Allgn Ind C1I Syallm Elte 
loc1I Ch1mber Allgnmtnl 

MUON llUBSVSTEM COST MA tRllt llav tt 8/tll.ft 

En11 lneerln111Deal11n M&s Ins acllonlAdmln 
lobar Rale TDlal labor Rall Total 

m• kStm• kS k• m• kSlm• k• 

t 118 153 tt2 3 125 07 
0.86 77 S2 t.83 204 
0,88 77 S2 t.83 204 

25 1.00 125 125 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 
2 0.25 129 32 

0.66 116 77 10 

0.88 118 77 80 1.83 125 203 
0,81 77 80 1.83 203 

25 1.00 125 125 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 

10 0.25 125 31 
0.88 118 77 10 

1.32 118 153 75 1.00 154 154 

1,32 111 153 75 1.00 154 154 

o.oo 0 0 o.oo 0 
1.48 170 1015 1.75 270 
5.80 154 893 850 0.75 154 118 
0.86 116 77 15 0.50 154 77 
0.00 154 0 420 0.50 154 77 

0.00 0 0 o.oo 0 
1.48 170 1015 1.75 270 
5.80 154 893 850 0.75 154 116 
0.86 116 77 15 0.50 154 77 
0.00 154 0 420 0.50 154 77 

o.oo 0 o· o.oo 0 
4.48 882 460 2.00 308 
3.80 154 585 420 1.00 154 154 
0.66 116 77 25 0.50 154 77 
0.00 154 0 15 0.50 154 77 

1.32 118 153 75 1.00 154 154 
0.88 77 35 0.50 77 

Page 3 

PrOCIFab A11embh 
Ma1erlal Labar Rate Subtolal C.•d. E-·1 . Toolln .. 

kl m• kSlm• ki k• k$ 

024 2 15 214 0 0 
774 t.oo 15 0 0 
774 t.oo 15 0 0 

o.oo 0 0 
0.25 95 24 
0.25 95 24 

25 0.25 95 24 
749 0.25 95 24 0 0 

150 1.25 15 111 0 0 
150 1.25 111 0 0 

0.00 0 0 
0.25 95 24 
0.25 95 24 

25 0.25 95 24 
125 0.50 95 48 

200 2.00 15 110 0 0 

200 2.00 15 110 0 0 

0 o.oo 0 0 0 0 
8811 0 0 0 0 
8053 

250 
308 

0 0.00 0 0 0 0 
5548 0 0 0 0 
5053 

250 
245 

0 
2012 
1741 
250 
101 

200 2.00 15 110 0 0 
100 1.00 15 0 0 



..... 
0 
0 

WBSra. 

03.1.1.3.3.1.1 
03.1.1.3.3.1.2 

03.1.1.3.3.2 
03.1.1.3.3.2.1 
03.1.1.3.3.2.2 

03.1.1.4 

03.2.1.4 

03.1.1.4.1 
03.1.1.4.1.1 
03.1.1.4.1.1.1 

03.1.1.4.1.2 
03.1.1.4.1.2.1 
03.1.1.4.1.2.2 
03.1.1.4.1.2.3 
03.1.1.4.1.2.4 
03.1.1.4.1.2.5 
03.1.1.4.1.2.8 
03.1.1.4.1.2.7 

03.2.1.4.1 
03.2.1.4.1.1 
03.2.1.4.1.1.1 

03.2.1.4.1.2 
03.2.1.4.1.2.1 
03.2.1.4.1.2.2 
03.?.1.4.1.2.3 
03.2.1.4.1.2.4 
03.2.1.4.1.2.5 
03.2.1.4.1.2.8 
03.2.1.4.1.2.7 

03.1.1.4.2 
03.1.U.2.1 
03.1.1.4.2.1.1 

03.1.1.4.2.2 
03.1.1.4.2.2.1 
03.1.1.4.2.2.2 
03.1.1.4.2.2.3 
03.1.1.4.2.2.4 
03.1.1.4.2.2.5 

Item 

Oii-Site Assembly, THI 
Final Design, Drwg/Speo Mode 

Globel Sector/Region MonHor 
Oii-Siie Assembly, THI 
Final Design, °"'1J'Spec Mods 

Gae Sytltmt • PDT 

Ott Sytltmt • LSDT 

Prtuurlztd Drift Tubt1 
Ofl·Sll1 
Design end Development 
On·Sllt 
Design end drawings 
Test Procedure development 
Salety Procedure devel-nt 
Melnlenance Procedure development 
Assembly end Test 
Procurement • Surface Syslem 
Procurement • HaN Syslem 

Llmlltd Slro1mtr Drift Tub11 
Olf·Sllt 
Design and Development 
On·Sllt 
Design end drawings 
Test Procedure development 
Salety Procedure development 
Maintenance Procedure development 
Assembly end Teal 
Procurement • Surface System 
Procurement • Hal Syslem 

R11l1tlvt Plitt Countor1 
Olf·Sllt 
Design and Dovelopmenl 
On-Slit 
Design end drawings 
Test Procedure development 
Safety Procedure development 
Maintenance Procedure development 
Assembly end THI 

MUON SUBSYSTEM COST MATRIX Rtv 11 8118/02 

En1 lneerlnatOa1lan M&S Ins ecUon/Admln 
ltbor Rate Total labor Rate Total 
m• kSlm• kS kS m• k$/mv kS 

25 0.50 154 77 
0.66 118 77 10 

0.86 118 77 40 0.50 154 77 
25 0.50 154 77 

0.88 118 77 15 

15.0o 70 1257 334 7.18 ao 570 

15.00 70 1257 334 7.16 BO 570 

7.05 70 821 187 3.5B BO 285 
2.30 130 290 52 0.46 180 B3 
2.30 130 299 52 0.46 180 83 
5.85 58 330 115 3.12 85 202 
4.03 58 234 88 0.81 73 59 
0.46 57 26 8 0.12 73 9 
0.58 BO 35 10 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 86 26 
0.00 0 6 0.83 85 41 

7.95 70 829 187 3.5B BO 285 
2.30 130 290 52 0.46 180 83 
2.30 130 299 52 0.48 180 83 
5.65 235 330 115 3.12 85 202 
4.03 58 234 88 0.81 73 59 
0.48 57 26 8 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 86 26 
0.00 0 6 0.63 85 41 

7.95 70 829 187 3.5B 80 285 
2.30 130 291 52 0.46 180 83 
2.30 130 299 52 0.46 180 83 
5.85 sa 330 115 3.12 85 202 
4.03 58 234 88 0.81 73 59 
0.46 57 26 8 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.58 60 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 

Page 4 

ProC/fab Assembl• 
Material labor Rate Subtotal 11<1--d. e--1. Toolln• 

kS m• kS/m• kS kS kS 

100 1.00 95 95 

100 1.00 05 05 0 0 
100 1.00 95 95 

2080 10.00 54 540 0 160 

20BO 10.00 54 540 0 180 

1040 5.00 54 270 0 80 
0 o.oo 0 0 0 0 
0 0.00 0 

1040 5.00 54 270 0 80 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 5.00 54 270 20 

415 0.00 0 30 
825 0.00 0 30 

1040 5.00 54 270 0 BO 
0 o.oo 0 0 0 0 
0 0.00 0 0 

1040 5.00 54 270 0 BO 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 5.00 54 270 20 

415 0.00 0 30 
825 0.00 0 30 

1040 5.00 54 270 0 BO 
0 0.00 0 0 0 0 
0 o.oo 0 0 

1040 5.00 54 270 0 80 
0 o.oo 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 5.00 54 270 20 



~ 
0 
~ 

WBSro. 

03.1.U.2.2.8 
03. I. U.2.2.7 

03.1.1.S 

03.2.1.S 

03.1.1.5.1 
03.1.1.S.1.1 
03.1.1.5.1.1.1 
03.1.1.5.1.1.2 
03.1.1.5.1.1.3 
03.1.1.5.1.1.4 
03.1.1.5.1.1.5 

03.2.1.5.1 
03.2. 1.5.1. I 
03.2.1.5.1.1.1 
03.2.1.5.1.1.2 
03.2. I .5.1.1.3 
03.2.1.5.1.1.4 
03.2.1.5. I. 1.5 

03.1.1.5.2 
03.1.1.5.2.1 
03.1.1.5.2.1.1 
03.1. I .5.2.1.2 
03.1.1.5.2.1.3 
03.1.1.5.2.1.4 
03.1.1.5.2.1.5 

03.t.2 

03.t.2.1 

03.1.2.1.1 
03.1.2.1.1.1 
03.1.2.1.1.2 
03.1.2.1.1.3 
03.1.2.1.1.4 
03.1.2.1.2 
03.1.2.1.2.1 

llont 

Procuremenl • SUrlace Syotem 
Procurement • Hill Byotem 

Coollng sratoma • POT 

Coollng S,alama • LSDT 

Praaaurlzad Drift Tubea 
Oll·Slta 
Shipping 
Subasoamblr, Test 
Machining, Inspection 
Procurement 
Final Design, DrwglSpec Mod• 

Llmftad Straomar Drift TUbaa 
Oll·Slta 
Shipping 
Subaasemblr. Tosi 
Machining, ln1pecllon 
Procurement 
Final Design, DrwglSpec Modi 

Raolallva Plala Counlora 
Oll·Blto 
Shipping 
Subassamblf, Tosi 
Machining, lnspecllon 
Procurement 
Final Design, DrwglSpec Mods 

End Cap Region 

End Cap Region lnalallallon 

On-Sita 
Tasl 
Mechanical Assamblr 
Elactrlcal/Eleclronlca Aasemblr 
Fae Prep 
Oll·Slta 
Install. Tool Final Dsgn, Mach, Assy 

MUON BUBSYITEM cost MAtRlll how tt 1118/0f 

En• neerl-1De1lnn M&s ln1 ectlontAdmln 
lobar Rate Total labor Rate Tolal 

m• k•lm• kS kS m• k•I-• kS 

0.00 0 4 0.40 86 26 
o.oo 0 6 0.63 65 41 

4.oo ·116 464 70 1.25 126 156 

4.oo 116 484 70 1.25 125 156 

2.00 118 232 35 0.83 125 78 
2.00 232 35 0.83 71 

5 0.13 125 16 
5 0.13 I 25 16 
5 0.13 125 16 
5 0.13 125 16 

2.00 116 232 15 0.13 125 16 

2.00 118 232 35 0.83 125 78 
2.00 232 35 0.83 78 

5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 

2.00 116 232 15 0.13 125 16 

2.00 118 232 35 0.63 125 78 
2.00 232 35 0.83 154 78 

5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 

2.00 116 232 15 0.13 125 16 

25.50 .. 2500 514 33.29 H 3289 

3.00 .. 217 38 2.87 63 112 

o.oo 0 I 1.24 16 
2 0.33 69 23 
2 0.33 69 23 
2 0.33 69 23 
2 0.25 69 17 

3.00 297 28 1.63 16 
3.00 99 297 28 1.63 59 96 

Pages 

ProC/Fab A11embh 
Material labor Raia Subtotal Ca•tl. E••I . Toolin"' 

k• m• k•1m kS iii kS 

415 0.00 0 30 
625 o.oo 0 30 

400 6.00 ti 5 170 0 0 

400 8.oo 115 170 0 0 

200 3.00 115 285 0 0 
200 3.00 215 0 0 

0.25 95 24 
1.00 95 95 
1.00 95 95 

200 0.75 95 71 

200 3.00 115 285 0 0 
200 3.00 285 0 0 

0.25 95 24 
1.00 95 95 
1.00 95 95 

200 0.75 95 71 

200 3.00 115 285 0 0 
200 3.00 95 285 0 0 

0.25 95 24 
1.00 95 95 
1.00 95 95 

200 0.75 95 71 

7186 81.43 59 4707 805 470 

311 

181 
37 
37 
37 
50 

150 
150 



MUON SUBSYSTEM COST MATRDt Rov 1t 8/16192 

En• lneerl .. •1De1lnn M&S Ins ecllDnlAdmln Proclfab A11embl• 
labor Rate Total labor Raia Total Matarlal labor Rate Subtotal Ca .. 11. E--t. Toolin' 

wasm. Item m• kS/m• k$ k$ m• k$/m• k$ k$ m• k$/m• k$ k$ k$ 

03.1.2.2 End Cop R1t1lon Sector A11y 12.57 107 1341 332 22.51 100 2280 4734 70.13 16 3919 780 385 

03.1.2.2.1 On·Slt1 o.oo 0 • 1.44 •• 175 10.33 18 180 375 200 
03.1.2.2.1.1 Sector Storage 0.00 0 0 0 
03.1.2.2.1.2 Test 3 0.56 89 39 25 1.25 52 53 100 
03.1.2.2.1.3 Assembly 4 0.83 89 43 100 8.33 48 54 275 200 
03.1.2.2.1.4 Faclfity Prep 2 0.25 89 17 50 0.75 52 53 
03.1.2.2.2 Olf 0 Slt1 3.00 207 23 0.18 55 10 2.13 69 147 0 75 
03.1.2.2.2.1 Assy Flxt Fnl Dsgn. Mach, Assy 3.00 99 297 23 0.88 83 55 10 2.13 69 147 75 

03.1.2.2.3 C1thod1 Strip Chomblro 3.25 102 332 86 0.49 01 164 3353 49.87 62 3116 42 0 
03.1.2.2.3.1 Olf 0 Slt1 3.25 332 86 0.40 864 3353 49.87 3118 42 0 
03.1.2.2.3. I.I Shipping 2 0.23 69 16 50 0.46 107 49 
03.1.2.2.3.1.2 Test 3 0.50 133 67 0 5.66 110 623 28 
03.1.2.2.3.1.3 Assembly 14 2.25 133 299 24 20.00 47 940 14 
03.1.2.2.3.1.4 Faclfity Prep 5 0.75 133 100 0 3.75 97 384 
03.1.2.2.3. 1.5 Machining, lnspecdon 42 5.63 68 383 3279 20.00 57 1140 
03.1.2.2.3.1.6 Anal Design, Dnwg/Spec Mods 3.25 102 332 20 0.13 133 

• 03.1.2.2.4 Slclor support s1ructur11 5.00 111 555 140 7.02 100 788 84 6.60 57 376 363 00 

03.1.2.2.4.1 Oll·Sll1 5.00 555 140 7.02 768 84 6.60 376 363 90 

03. 1.2.2.4.1. 1 Shipping 25 1.00 125 125 0 0.00 0 0 
03.1.2.2.4.1.2 Test 15 1.00 125 125 0 
03.1.2.2.4. 1 .3 Assembly 15 1.00 125 125 0 0 
03.1.2.2.4.1.4 Facility Prep 10 0.50 125 63 0 
03.1.2.2.4. 1 .5 Machining. Inspection 36 2.77 81 224 84 6.60 57 376 383 90 

03. 1.2.2.4.1.8 Anal Design, Dnwg/Spec Mods 5.00 1 11 555 39 0.75 142 108.5 0 

03.1.2.2.5 Allgnmon1 a C11lbrotlon Bys 1.32 110 157 74 3.75 126 473 1112 2.00 05 100 0 0 

03.1.2.2.5.1 Loc1I Ch1mblr AUgnm1n1 0.86 71 37 1.18 236 556 1.00 05 0 0 

03.1.2.2.5.1.1 Olf·Sllt 0.88 71 37 1.88 236 556 1.00 05 0 0 

03.1.2.2.5.1.1.1 Shipping 25 1.00 125 125 0.00 0 0 

03.1.2.2.5.1.1.2 Test 2 0.13 125 16 0.25 95 24 

03. 1.2.2.5.1.1 .3 Assembly 2 0.13 125 18 0.25 95 24 

03.1.2.2.5.1. 1 .4 Fac!Hty Prep 2 0.13 125 18 25 0.25 95 24 

03.1.2.2.5.1. 1.5 Machining, Inspection 2 0.25 129 32 531 0.25 95 24 

03.1.2.2.5.1.1.8 Anal Design, Drwg/Spec Mod• 0.88 119 79 4 0.25 129 32 

03.1.2.2.5.2 Globol Slclor/Rtglon Monitor 0.68 119 71 37 1.88 126 238 556 1.00 0 05 0 0 

03.1.2.2.5.2.1 Olf·Sllt 0.66 71 37 1.88 238 556 1.00 05 0 0 

03.1.2.2.5.2.1.1 Shipping 25 1.00 125 125 0.00 0 0 

03.1.2.2.5.2.1.2 Test 2 0.13 125 16 0.25 95 24 
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~ 
0 
c,.., 

Vt11SID. 

03. t.2.2.5.2. I .3 
03.1.2.2.5.2.1.4 
03.1.2.2.5.2.1.5 
03.1.2.2.5.2.1.8 

03.t.2.3 

03.t.2.3.t 
03. t.2.3. t. t 
03.1.2.3.1.1.1 
03.1.2.3. 1.1.2 
03.1.2.3.t.l.3 
03.1.2.3.1.U 
03. I .2.3. t.1.5 

03.1.2.3.2 
03. t.2.3.2. t 
03.1.2.3.2.1.1 
03.1.2.3.2.1.2 

03. t.2.3.2.2 
03.1.2.3.2.2.1 
03.1.2.3.2.2.2 

03.1.2.4 

03.1.2.4.1 
03.1.2.4.t.t 
03.1.2.4.1. I.I 

03. t .2.4.1.2 
03.1.2.4.1.2.1 
03.1.2.4.1.2.2 
03. 1 .2.4.1.2.3 
03. 1.2.4.1 .2.4 
03. 1.2.4.1 .2.5 
03.1.2.4. I .2.8 
03.1.2.4.1.2.7 

03.t.2.5 

03.1.2.5.1 
03.1.2.5.1.1 
03.1.2.5.1. I.I 
03.1.2.5.1. 1.2 

II am 

Auembly 
Facility Prep 
Machining, Inspection 
Flnll Design, Drwg/Spec Mod• 

Eltctronlca/Eloctronlca Hordwtrt 

Cethoda Slrlp Ch1mbor1 
Oll·Slt1 
Sense E""""onlco Design, Fab, Ship 
Triggering Elactronico Des, Fob, Ship 
Beam Croulng Elactronico Des, Fab, S 
C.Hbration Elactronlco Des, Fall, Ship 
Hlgh·Yoltage Syslaml Des, Fab, Ship 

Allgn Ind Col Syattm Elte 
Local Ch1mbor AUgnmont 
Oii-Site A11embly/Test 
Final Oeslgn, Drwg/Spec Modi 

Globol Sector/Roglon Monllor 
Oii-Site Astembty/Test 
Final Deolgn, Drwg/Spec Mods 

Goa Syalam 

Cathod1 Strip Ch1mbora 
Oll·Slt1 
Design and Development 
On·Slta 
Design and drawings 
Teet Procedure development 
Safety Procedure development 
Maintenance Procedure development 
Assembly and Teet 
Procurement • Surface System 
Procurement • Hal System 

Coolfng Sy1tam 

Cathoda Strip Chambora 
Oll·Sltl 
Shipping 
Subassembly, Test 

l.tlloN IUBSYBTEM COIT MATRIX hov tt 8118111• 

Enalneerlna10.1fan Mas Inst ecllonlAdmln 
labor Raia Total L•bor Rate Tolal 
m• kSlmv kS kS mv k$/mv kS 

2 0.13 125 16 
2 0.13 125 16 
2 0.25 129 32 

0.66 . 119 79 4 0.25 129 32 

t.32 118 155 17 I.OD 142 142 

o.oo 0 0 0.00 0 0 
15.46 2381 1535 0.00 0 0 

7.00 154 1078 700 
5.50 154 847 440 
2.30 154 354 390 
0.86 154 102 5 
0.00 154 0 0 

t.32 tte 155 17 1.00 142 142 
0.88 77 6 0.25 32 

2 0.25 129 32 
0.88 118 77 4 

0.18 t 19 711 11 0.75 146 too 
7 0.50 154 77 

0.66 119 79 4 0.25 129 32 

7.15 711 829 187 3.58 80 285 

7.15 79 829 187 3.58 80 285 
2.30 130 299 52 0.46 180 83 
2.30 130 299 52 0.46 180 83 
5.65 58 330 115 3.12 85 202 
4.03 58 234 88 0.81 73 59 
0.46 57 26 8 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.58 80 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 88 26 
0.00 0 6 0.63 85 41 

0.88 1111 711 32 3.28 129 420 

0.88 1111 711 32 3.26 1211 420 
0,86 79 32 3.26 420 

7 0.13 125 18 
1 1 1.50 133 200 
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ProC/Fab A111mbl 
Material la bot Ra11 Subtotal caod. -n.t. Toollna 

k• m• kS/mv k• kS kS 

0.25 95 24 
25 0.25 95 24 

531 0.25 95 24 
.· 

831 t.25 15 t 19 0 0 

0 o.oo 0 0 0 
7491 o.oo 0 0 0 
5082 
1637 
347 
100 
325 

131 t.25 15 t 19 0 0 
531 0.25 24 0 0 
531 0.25 95 24 0 0 

100 1.00 15 05 0 0 
100 1.00 95 95 

1040 5.00 54 270 0 80 

1040 5.00 54 270 0 80 
0 0.00 0 0 0 0 
0 0.00 0 0 

1040 5.00 54 270 0 80 
0 o.oo 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 5.00 54 270 20 

415 0.00 0 30 
825 0.00 0 30 

450 4.25 .. 420 25 25 

450 4.25 .. 420 25 25 
450 4.25 420 25 25 

0 0.00 95 0 
100 1.75 104 182 25 25 
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WDSro. 

03. 1.2.5.1 .1.3 
03. t.2.5. 1. 1 .4 
03.1.2.5. 1 .1.5 

03. 1.3 
03.1.3.1 
03.1.3.2 
03.1.3.3 
03.1.3.4 
03.1.3.5 
03.1.3.8 

13 
13.1 
13.2 
13.3 
13.4 
13.5 
13.8 

23 

Item 

Machining, lnspecdon 
Procurement 
Final Dellgn, Drwg/Speo Mod• 

Sub1ylllm Project MgmL 
Admlnlstratlon/OVeralght 
Resource Management 
ES&H Asaurance 
Quality As111"ance Program 
Systems Integration 
Subsystem Cosl/Schedule Monitor 

Muon Subsyllltm A&D 
csc SUbgraup 
LSDT Subgroup 
PDT Subgroup 
RPC SUbgroup 
TTA SUbgraup 
SCARF Subgroup 

ENO Sbgrp Conctpl Dtt, TP Prep 

MUON SUBSYSTEM COST MATRIX Rtv 1t 8118192 

En• neeri"""tDeslnn M&S Ina ectlon/Admln Proc/Fab A11embh 
Labor Rate Total labor Rate Total Material Labor Rate Subtotal Car1tl. E ....... Toolln .. 

mv kSlm• kS kS m• kS/mv kS kS m• kS/m kS 

''° 
kS 

5 1.50 126 189 150 1.75 95 166 
5 0.13 125 16 200 0.75 DS 71 

0.86 119 79 4 0.00 0 0 

435 21.40 154 3206 
150 9.50 154 1463 

45 1.19 154 183 
90 2.38 154 367 
90 3.57 154 550 
30 2.38 154 367 
30 2.38 154 387 

11.83 154 17D1 754 
2.84 154 407 220 
3.13 154 482 144 
1.94 154 299 203 
1.48 154 228 148 
2.00 154 308 8 
0.44 154 88 33 

12.00 116 13D2 300 
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..... 
0 
c.n 

. 

Malorlol Tolal Labor 
kl u m• 

1470 21882 41.2 

1510 21183 41.2 

I 1peclHc1lly LSDT (03.2), 

1470 21112 41.15 

1510 21183 41.15 

IOI 15221 23.41 

941 14521 23.41 

23.41 

13.17 
3.00 
3.17 
1.00 
8.50 
9.74 
9.74 

720 13580 

780 12110 

88 1243 
50 50 
2 187 

13 966 
1 40 
3 21 
3 26 

218 7237 
218 7237 
101 150 

7 630 

lnat1l111lon 
Raio Sub10111 Cllod. E-• 

kllm• kl kl 

13 2188 2185 

13 2188 2185 

53 2181 2115 

53 2111 ·2115 

14 1283 1115 

14 1213 1115 

14 1213 1115 

747 1115 
71 213 80 
50 159 1000 
57 57 125 
49 319 

518 0 
53 SUI 

llUotf SUBSYsrtM cost MA tRllt llov 1t 

Toolln• Materla Tolal labor M1terl1f Cllod. E••1 
kl kl kt k• kl u 

1825 248 8228 39817 25984 4576 

1125 248 8226 38844 21794 4528 

1825 241 8228 38434 24110 4576 

1825 241 1226 35181 20740 4526 

1125 171 3741 21141 18091 2771 

1125 171 3748 20175 11921 2721 

1125 178 3741 2375 111 1185 

1125 .. 3146 142 357 1115 
0 78 349 213 86 80 

1000 4 2183 193 82 1000 
125 I 308 83 78 125 

8 327 353 111 0 
0 17 803 1533 454 0 

87 803 1533 454 0 

15218 11933 1586 

14445 7783 1536 

702 250 375 
0 50 0 

104 30 100 
542 117 275 

56 53 0 
377 111 0 
377 111 0 

7131 1450 300 
7831 1450 300 

65 153 0 
669 36 0 

Page9 

l/llm 

Tolal1 
Toollna Sublotal Conlin-- Tolal Las1 

kl kl Rate Amount. "'' kS modllled 

2801 72958 21.2!1. 20590 93549 t&.Jun·92 

2851 68015 21.1!1. 19086 87101 16-Jun-92 

2801 89721 21% 11743 18484 3-Jun-92 

2851 83778 29% 11238 12016 5-Jun-92 

1131 42341 29% 12381 14709 3-Jun-92 

1811 37398 29% 10884 41281 5-Jun-92 

1125 5496 24% 1322 8818 3-May·92 

1125 3509 22% 786 4295 
0 359 17% 81 420 2·May-92 

1000 2275 23% 523 2798 . 2-May-92 
125 411 23% 95 506 2-May-92 

0 464 23% 107 571 6-Jan-92 
0 1987 27% 538 2523 
0 1967 27% 536 2523 16-Jun-92 

546 20283 21% USO 37833 3-Jun-92 

SH 24340 29% 7048 31385 5-Jun-92 

200 1527 23% 347 1874 
0 50 15% 6 58 13-Jan-92 
0 234 23% 54 287 2-May·92 

200 1134 23% 261 1394 2-May·92 
0 109 23% 25 134 10-Jan·92 
0 418 27% 132 820 
0 488 27% 132 620 16-Jun-92 

55 18636 30% 4849 21585 
55 18836 30% 4849 21515 

0 216 30% 65 284 16-Jun-92 
0 727 30% 218 945 16-Jun-92 



.... 
0 
cr.i 

Material 
kS 

24 
12! 
29 

332 
332 
101 

7 
24 

125 
75 

148 
146 
101 

7 
10 

5 
23 

160 
180 
101 

88 
0 

1f3 
183 
101 
82 

0 

50 
25 
25 
25 

ln1t1Hatlan 
Total Labor Rate Subtotll r.:-d. E"•t 

kS m• kS/m kS kS 

2339 
489 

3829 
0 

8603 
1803 

150 
630 

2339 
489 

2995 

3046 
3046 

150 
657 
730 
389 

1141 

1782 
1782 

123 
1839 

0 

1697 
1697 

123 
1574 

0 

264 
120 
120 

25 
24 
24 
24 
24 
0 

MUON SUBSYSTEM COST MATRIX Rev 1t 11117192 

Toollnc Ma1erl1 Total labor Materlal "--d. e--1 Toollna 
kS kt kt kS kt kS kt 

2259 88 300 55 
484 130 0 0 

4005 8021 0 0 
349 20 0 0 

7121 4011 250 105 
7129 4011 250 105 

65 153 0 0 
889 38 0 0 

2259 88 250 105 
464 130 0 0 

3303 3852 0 0 
349 20 0 0 

3920 1726 200 146 
3820 172& 200 146 

80 153 0 0 
666 10 50 0 
789 74 150 100 
484 10 0 0 

1493 1459 0 46 
349 20 0 0 

1714 550 711 145 
1714 550 711 145 

39 123 0 0 
1013 388 711 145 
862 39 0 0 

1643 509 711 145 
1843 509 711 145 

39 123 0 0 
942 347 711 145 
662 39 0 0 

774 146 0 0 
376 811 0 0 
378 811 0 0 
125 50 0 0 
39 5 0 0 
39 5 0 0 
39 30 0 0 
56 511 0 0 
77 10 0 0 
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Totals 
Sub1otal con11n----· Total last 

kl Rate Amoun• kS kt modified 

2702 30% 811 3513 16-Jun-92 
594 23% 137 730 22·J•n·92 

12026 30% 3608 15634 16·Jun-92 
369 30% 111 479 16-Jun-92 

11565 30% 3428 14113 
11565 30% 3428 14113 

218 30% 65 284 16-Jun-92 
727 30% 218 945 16-Jun-92 

2702 30% 811 3513 1&-Jun-92 

594 23% 137 730 22-Jan-92 

6955 30% 2086 9041 16·Jun-92 
369 30% 111 479 1&-Jun-92 

5892 20% 1734 7626 
5892 29% 1734 7626 

233 30% 70 303 1&-Jun-92 
726 30% 218 944 16-Jun-92 

1093 30% 328 1421 16-Jun-92 

474 23% 109 582 24-Jan-92 
2998 30% 899 3897 16-Jun-92 

369 30% 111 479 16-Jun-92 

3120 33% 1043 4183 
3120 33% 1043 4163 

162 23% 37 200 12-Jan-92 

2257 34% 787 3025 16-Jun-92 

701 34% 238 939 16·Jun·92 

3008 33% 1005 4013 
3008 33% 1005 4013 

162 23% 37 200 12·Jan·92 
2145 34% 729 2874 1&-Jun-92 

701 34% 238 939 16-Jun-92 

1620 21% 345 1985 
987 22% 213 1200 
987 22% 213 1200 
175 15% 26 201 31·Jan-92 

44 23% 10 55 31-Jan-92 

44 23% 10 55 31-Jan-92 

69 23% 16 85 31-Jan-92 

567 23% 130 697 3-May-92 
87 23% 20 106 31-Jan-92 



i!UoN SUBSYSTEM COST MATRIX llav tt 81181911 

ln111ll1tlan Tolals 
M1l1rl1I Tolal L1bor Rale Sub1011l cann, Fnnl Toollna Materla Tolal Labor M1t1rl1l 11;and. Ennt Toollna Subtotal COnl ........ Total Lui 

kS kS ... kl/m kl kS kS kS kS kl kS kS kS kS Rate ArnounL kS kS modllled 

ao 284 774 1018 0 0 '880 0 400 2280 
25 120 378 151 0 0 1227 22% 288 1415 
25 120 376 151 0 0 1227 22% 288 1415 1 

25 25 125 50 0 0 175 15% 26 201 31-Jan-92 
24 39 5 0 0 44 23% 10 55 31-Jan-92 
24 39 5 0 0 44 23% 10 55 31-Jan-92 
24 39 30 0 0 89 23% 16 85 31-Jan-92 

0 24 58 751 0 0 807 23% 188 993 3·May·92 
0 77 10 0 0 87 23% 20 106 31-Jan·92 

25 144 318 235 0 0 833 21% 132 785 
25 144 308 235 0 0 833 21% 132 785 
25 25 125 50 0 0 175 15% 28 201 31 ·Jan·92 

24 39 5 0 0 44 23% 10 55 31-Jan-92 
24 39 5 0 0 44 23% 10 55 31-Jan-92 
24 39 30 0 0 89 23% 18 85 31-Jan-92 
48 79 135 0 0 214 23% 49 283 16-Jun-92 

0 77 10 0 0 87 23% 20 106 31-Jan-92 

0 uo 417 275 0 0 772 23% 178 950 21-Apr-92 

' 0 uo 417 275 0 0 772 23% 171 950 21·Apr-92 

D D 0 0 0 0 0 0 0 
D 0 1230 7818 0 0 8935 40% 3574 12509 

1009 8703 0 0 7712 40% 3085 10796 21·Apr-92 
154 265 0 0 419 40% 187 586 21·Apr·92 
77 728 0 0 805 40% 322 1127 21·Apr·92 

D D 0 0 0 0 0 0 0 
D 0 1231 8833 0 0 7872 40% 3140 11021 

1009 5703 0 0 8712 40% 2885 9396 21·Apr·92 
154 265 0 0 419 40% 187 586 21 ·Apr·92 
77 885 0 0 742 40% 297 1039 21-Apr-92 

0 0 0 0 0 0 0 
070 2552 0 0 3522 40% 1400 4030 
739 2181 0 0 2900 40% 1180 4080 21-Apr-92 
154 275 0 0 429 40% 171 800 21·Apr-92 

77 118 0 0 193 40% 77. 270 21-Apr-92 

0 100 407 275 0 0 772 23% 178 150 
0 95 240 135 0 0 384 23% 88 472 31-Jan-92 
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.... 
0 
(X) 

Materlal 
kS 

0 

0 
0 

118 

118 

49 
0 
0 

49 
0 
0 
0 
0 

49 
0 

0 
0 
0 

0 
0 
0 
0 
0 

49 
0 

41 
0 
0 

41 
0 
0 
0 
0 

49 

Total 
kS 

05 

15 
95 

7111 

718 

3111 
0 
0 

3111 
0 
0 
0 
0 

339 
30 
30 

3111 
0 
0 

319 
0 
0 
0 
0 

339 
30 
30 

319 
0 
0 

HO 
0 
0 
0 
0 

339 

ln1tall1tlon 
labor Rote Subtotal .,.. ...... c-

m• kStm• kS kS 

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

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

o.oo 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 

MUON SUBSYSTEM COST MATRIX Rev 11 

Toolln11 Materla Total labor Malarial caod. E••1 
kS kS kS kS kS kS 

172 125 0 
77 10 0 

240 140 0 
172 125 0 
77 15 0 

2381 2512 0 

2388 2512 0 

0 0 1184 1256 0 
0 0 382 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 293 68 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
0 0 26 419 0 
0 0 41 831 0 

0 0 1184 1258 0 
0 0 382 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 293 68 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
0 0 26 419 0 
0 0 41 831 0 

0 0 1184 1258 0 
0 0 382 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 293 68 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
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6116192 

Totals 
Toollnm Subtotal Co Total Last 

kS kS Rate Amount kS kS modllled 

0 297 23% 88 385 18·Jun·92 
0 87 23% 20 106 31·Jon·92 

0 380 23% .. 478 
0 297 23% 68 365 18·Jun·92 
0 92 23% 21 113 31·Jan·92 

180 5040 32% 1818 8858 3·Jun·92 

180 5040 32% 1818 8858 3-Jun-92 

80 2520 32% 809 3329 3·Jun·92 
0 434 28% 121 555 
0 434 28% 121 555 2B·May·92 

80 2086 33% 881 2774 
0 381 28% 101 482 28-May·92 
0 43 34% 15 58 16-Jun-92 

0 54 34% 18 72 16-Jun-92 

0 54 34% 18 72 1&.Jun-92 
20 398 34% 135 533 1&.Jun.92 
30 475 34% 162 837 2B·M•Y·92 
30 702 34% 239 941 28-May·92 

80 2520 32% 809 3329 3·Jun·92 
0 434 28% 121 555 
0 434 28% 121 555 28·M•Y·92 

80 2086 33% 888 2774 
0 381 28% 101 482 28·M•y·92 
0 43 34% 15 58 1&-Jun-92 
0 54 34% 18 72 16-Jun-92 
0 54 34% 18 72 16·JUn·92 

20 398 34% 135 533 1&-Jun-92 

30 475 34% 162 837 2B·May·92 
30 702 34% 239 941 28·M•y·92 

IO 2520 32% 809 3329 3.Jun-92 
0 434 28% 121 S55 
0 434 28% 121 555 28·M•y·92 

80 2086 33% 818 2774 
0 361 28% 101 462 28·M•y·92 
0 43 34% 15 58 16·JUn·92 
0 54 34% 18 72 16·JUn·92 
0 54 34% 18 72 16·JUn·92 

20 398 34% 135 533 16-Jun-92 



1--" 
0 
~ 

M•terl1I 
k• 

0 

10 .. 
45 
45 

5 
15 
15 
10 

45 
45 

5 
15 
15 
10 

45 
45 

5 
15 
15 
10 

582 

Tol1I 
k• 

ao 
30 ... 

eeo 

330 
330 

29 
110 
110 
81 

330 
330 

29 
110 
110 
81 

330 
330 

29 
110 
110 
81 

8134 

lnat1tl1tlon 
I.lobar Rote Sublotll r"' ...... c....1 

mv Utm• k• k• 

0 0 
0 0 

18 51 I05 1000 

17,74 11 I05 1000 

12.83 51 854 1000 
8.00 51 308 
1.58 50 79 1000 
3.00 53 159 
2.25 49 110 
4.11 51 250 0 
4.91 51 250 

ail.ION BUlllYllttM COST MATlllll llav tt 

Toollnn M11erl1 To111 Llbor Ma1erl1I ~nd, Ennl 
k• kl kS •• kS k• 

0 0 RB 419 0 
0 0 41 131 0 

t11D 180 0 

t11D HO 0 

515 210 0 
515 210 0 

39 10 0 
111 20 0 
111 20 0 
87 215 0 

248 15 0 

515 210 0 
515 210 0 

39 10 0 
111 20 0 
111 20 0 
87 215 0 

246 15 0 

515 280 0 
515 210 0 

39 10 0 
111 20 0 
111 20 0 
87 215 0 

248 15 0 

500 72 2477 11411 1384 1105 

500 72 2477 1313 411 1000 

500 18 2170 740 115 1000 
7 313 329 46 0 

500 2 1581 102 41 1000 
4 183 182 43 0 
3 113 128 55 0 

0 56 308 844 234 0 
56 306 844 234 0 

Paga 13 

1111am 
Totals 

Toollna Subtolal Can•- Total lut 
kS kS Rate -nt kS kS modified 

ao 475 34% 162 837 28-May-92 
ao 702 34% 239 041 28·Moy·92 

0 1750 40% 700. 2450 

0 1750 40% 700 2450 

0 175 40% 350 1225 
0 175 40% 350 1225 
0 49 40% 20 69 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% 121 423 31-Jan-92 
0 263 40% 105 386 31-Jan-92 

0 175 40% 350 1225 
0 175 40% 350 1225 
0 49 40% 20 69 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% 121 423 31-Jan-92 
0 263 40% 105 366 31-Jan-92 

0 175 40% 350 1225 
0 875 40% 350 1225 
0 49 40% 20 69 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% 121 423 31-Jan-92 
0 283 40% 105 368 31-Jan-92 

170 22850 31% 7002 21851 26-May·92 

500 3302 24% 715 4017 

500 2425 23% 551 2113 
0 375 23% 86 461 27-Jan-92 

500 1843 23% 378 2021 2·May-92 
0 225 23% 52 276 27-Jan-92 
0 183 23% 42 224 27-Jan-92 
0 178 27% 237 1115 
0 878 27% 237 1115 27-Jan-92 



..... ..... 
0 

Malerlal 
u 

488 

13 
50 

2 
10 

1 
3 
3 

281 
211 
101 

7 
24 

125 
24 

111 
111 

75 

38 

30 
15 
15 
15 

15 
15 
15 

ln11allatlon 
Toto I lobaf Rate Subtotol ~--d . .::-.. , 

kS m• kS/m• kS k• 

5822 

718 
50 

155 
539 
54 

225 
225 

3430 
3430 

150 
858 
976 
469 

1184 

040 
840 

75 
0 
0 
0 

865 

220 
110 
110 

15 
24 
24 
24 
24 

0 

110 
110 

15 
24 

MUON SUBSYSTEM COST MATRIX Rov 11 8/18192 

Toolln• Matarla Total lobaf Materlal r--d. c.... Toollnn 
kS kS kS kS kS kS kS 

7510 5554 780 365 

280 247 375 200 
0 50 0 0 

92 30 100 0 
98 114 275 200 
70 53 0 0 

400 36 0 75 
499 36 0 75 

4311 3720 42 0 
4311 3720 42 0 

85 153 0 0 
889 10 28 0 

1239 62 14 0 
464 130 0 0 

1523 3345 0 0 
332 20 0 0 

1700 335 363 00 
1700 335 383 00 

125 100 0 0 
125 15 0 0 
125 15 0 0 
83 10 0 0 

601 156 383 90 
662 39 0 0 

820 1218 0 0 
410 808 0 0 
410 808 0 0 
125 40 0 0 
39 2 0 0 
39 2 0 0 
39 27 0 0 
56 533 0 0 

111 4 0 0 

410 808 0 0 
410 808 0 0 
125 40 0 0 

39 2 0 0 

Page 14 

Totals 
Subtot1I Total last 

kS Rote Amount kS kS modlllod 

14280 32% 4577 18186 

1012 23% 245 1326 
50 15% 8 58 13-Jan-92 

222 23% 51 273 2·M•y-92 
687 23% 158 845 2-May-92 
123 23% 28 151 IO-Jon-92 
810 27% 185 775 
810 27% 165 775 16-Jun-92 

8073 38% 2008 10080 
8073 36% 2006 10080 

218 38% 79 297 16-Jun-92 
727 36% 262 989 16-Jun-92 

1315 38% 473 1789 16-Jun-92 
594 38% 214 607 16-Jun-92 

4666 36% 1752 6620 16-Jun-92 
352 38% 127 476 16-Jun-92 

2488 31% 772 3280 
2488 31% 772 3280 

225 15% 34 259 31 ·Jan-92 

140 23% 32 172 31 ·Jan-92 

140 23% 32 172 31 ·Jan·92 
73 34% 25 97 16-Jun-92 

1210 34% 411 1621 16·Jun·92 
701 34% 236 939 16·Jun-92 

2036 24% 489 2525 
1018 24% 244 1262 
1018 24% 244 1282 

185 15% 25 190 31-Jan-92 

41 23% 10 51 31-Jan-92 

41 23% 10 51 31-Jan-92 

88 23% 15 62 31-Jan-92 

589 27% 159 746 16-Jun-92 

115 23% 26 141 31-Jon-92 

1016 24% 244 1282 
1016 24% 244 1282 

185 15% 25 190 31-Jan-92 

41 23% 10 51 31 ·J•n-92 



i
i
~ 

M111r111 I Tolol 
kS I kl 

0 

0 
0 

0 
0 
0 

0 

41 

41 
0 
0 

49 
0 
0 
0 
0 

49 
0 

25 

25 
25 

0 
0 

14 
24 
24 
0 

119 

0 
0 

119 
24 
24 

95 
95 

311 

311 
0 
0 

311 
0 
0 
0 
0 

339' 
30 
30 

415 

415 
415 

0 
232 

llUON SUBSYSTEll cost MATRlll n.v ti 1118112 

ln111ll1Uon 
Labor I Riie I Sublolal !Clod. Ecio1J Toollna IM111rloC To111 

mv I kStmvl kS_ I iii_ I U_ I kt._ I kl 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

r ... 11 
Labor I M1lorl1l IC.D11. EqplJ Toollna I Sub1011t I Conllnaancv I To111 LHI 

modllled kS_ I _kt I kS_ I __ U __ I kS I Rall (Amoun~ ul kl 

39, 
39 
5B1 

111 

415 

0 
2311 
1078 
847 
354 
102 

0 

415 
133 

5B 
77 

2 
27 

5331 

4 

141 

0 
9026 
5782 
2077 
737 
105, 
3251 

841 
537 
533 

4 

2131 111 
172 107 
111 4 

11141 1258 

1114 
312 
382 
102 
293 

35 
44 
44 

320
1 

2B 
41 

911 

911 
911 

16 
382 
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1256 
52 
521 

1204 
861 

B 
10 

101 
5B 

4191 
831 

507 

507 
507 

7 
111 

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 

25 

25 
25 

0 
25 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

80 

80 
0 
0 

80 
0 
0 
0 
0 

20: 
30 
30 

25 

25 
25 

0 
251 

41 23% 
BB 23% 

589 27%' 
115 23% 

10B31 23% 

0 
11407 40% 

8B60 40%
1 

2924 40% 
1091 40% 

207 40% 
325 40% 

1083 23% 
870 23% 
589 23% 

81 23% 

3141 23% 
279 23% 
115 23% 

25201 32% 

2520 32% 
434 28% 
434 28%1 

2086 33% 
381 28%• 

43 34% 
54 34% 
54 34%1 

398 34% 
475 34% 
702 34% 

14751 31% 

1475 31% 
1475 31% 

23 40% 
543 40% 

to 
15 

159! 
2B 

245 

0 
4563 
2744 
1170 

43B 
83 

130 

245 
154 
135 

19 

91 
64 
2B, 

809 

IOI 
121 
121 
818 
101 

15 
18 
18 

135 
182 
239 

57B 

57B 
57B 

9 
217 

511 31·Jan·D2 
82 31·Jan·92 

748 18-Jun-92 
141 2·Dec·91 

1308 

0 
15170 

9B04 
4094 
15281 

289 
455 

1308 
124 
724 

99i 

414 

21·Apr·92 

21 ·Apr-92 
21-Apr-92 
21·Apr·92 
21·Apr·92 
21·Apr·92 

31-Jan-92 
31-Jan-92 

3431 I 16-Jun·92 
141 31 ·Jan-92 

33211 I 3·Jun-92 

3329 
555 
555, 

2774 
4B2 

58' 
121 

5~!1 
8371 
941 

2052 

2052 
2052, 

33! 
7Bol 

3·Jun-92 

28-May-92 

21-May.92 
16-Jun-92 
16-Jun-92 
16-Jun-92 
16-Jun-92 
21·May·92 
21·May-92 

2·D•c·91 
2·Dec·91 



1-4, 
~ 
l\:) 

Material 
kt 

15 
10 

Total 
kt 

181 
81 

ln1tallat1on 
labor Aata Subtotal c.nn. Eant 
m• Utmr u k• 

MUON SUBSYSTEM COST MATRIX Rov 1f 8/f8112 

Toolln• Materla Total l1bor Material l;and. Ennt Toollna 
u kt kt kl kS kS kt 

355 170 0 0 
87 215 0 0 
79 4 0 0 

3291 435 0 0 
1463 150 0 0 

183 45 0 0 
387 90 0 0 
550 90 0 0 
367 30 0 0 
387 30 0 0 

1791 754 0 0 
407 220 0 0 
482 144 0 0 
299 203 0 0 
228 148 0 0 
308 6 0 0 

68 33 0 0 

1312 300 0 0 
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Totals 
Subtotal COntfn- Total Last 

kS Rate Amount kS kS madllled 

625 - 210 735 2-0••·91 
302 - 121 423 2·Dec·91 

83 23% 19 102 2·0••·91 

3731 10% 373 4104 
1813 10% I 81 1774 27-Nov-91 

228 10% 23 251 27-Nov-91 
457 10% 46 so: 27-Nov-9t 
640 10% 64 704 27-Nov-91 
397 10% 40 436 27-Nov-91 
397 10% 40 436 27-Nov-91 

2545 20% soo 3054 
627 20% 125 752 31-Jan-92 
626 20% 125 751 31-Jan-92 
502 20% 100 802 31-Jan-92 
376 20% 75 451 31-J•n-92 
314 20% 63 377 31-Jan-92 
101 20% 20 121 31·J•n·92 

1802 20% 338 2030 31 ·J•n-92 


