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GEM IN-92-7 

Tile Hadron Calorimeter 
Design Cost Review 

Oak Ridge National Laboratory 

April 22, 1992 

Abstract: 

Presentations of the Tile Hadron Calorimeter Design Cost Review. 
Presented at the GEM Calorimeter Cost Review Meeting held at the SSC 
Laboratory on April 22. 1992. 



GEM Calorimeter Cost Review 

April 21, 1992 

Action Items & Unresolved Issues 

Barium Fluoride EM 

1. BaF2 advocates should define what is included in $2.50/cc price 
and should write a model contract specifying Chinese 
deliverables. This will answer the following questions: Does 
$2.50/cc include dimensional QA? Rad-hardness QA? Other post
processing labor? What are the risks and who assumes them? 
Who wraps or coats the crystals? 

2. Tracker support details are not worked out, nor tracker interface 
costs included. 

3. Finite element analysis costs have been included in the estimate, 
but analysis has not been completed. 

4. Titanium aluminide is a backup structural material which might 
reduce cost. Estimate is based on carbon composite. 

5. Crystals are assumed to 
assembly into structure. 
performed. 

be shipped directly from China ready for 
Onsite acceptance testing should be 

6. Crystal glueing and wrapping or coating costs should be included. 

7. Schedule should be incorporated in near future. 

Scintillating Fiber Hadronic 

1. Simulate the effect of energy leaking out the back of the 
scintillating fiber hadron calorimeter with all of the scintillating 
fibers coming together at the light mixer. There can be rare 
events which have a small amount of energy deposited in the 
fibers but due to the -100% sampling fraction plus proximity to 
the PMT appear as a very large energy. This can produce a small 
but significant systematic tail on the high side of the energy 



distribution. Quantify this effect compared to the m1ssmg energy 
background. Prove whether or not the back longitudinal sample 
has any correlation with this effect and whether the copper shot 
improves the situation or makes it worse. 

2. Stress analysis has not been performed on the structure. 

3. Hourly craftsman costs should be verified. 

4. Channel count should be corrected. 

5. Describe the calibration scheme. 

Scintillating Liquid Forward 

1. Investigate muon chamber interface parameters. 

Copper Tile Hadronic 

I. Fiber-to-tile attachment method is a source of concern for some 
collaborators. 

2. Tile manufacturing processes for uniformity, if required, may be 
very expensive. 
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March 31, 1992 

Plastic Tile Hadron Calorimeter 
Signifcant Design and Costing Considerations 

1. The plastic tile calorimeter has over 300,000 tiles. If the tiles need 
to be individually "tuned" the additional cost is approximately one million 
dollars for each 5 minutes of tile processing. 

An understanding of the tile readout uniformity will be based on the 
test work underway at the University of Missippippi, Fermi Lab and CERN. 

2. The costed design concept does not assume that the copper plates are 
solder or brazed together, consequently the structure is a conservative, 
exosketal design. If the bonding can be accomplished a significant cost 
reduction can be realized. 

Vendors with experience in the processing of large copper components 
will be contacted to understand the design and manufacturing requirements 
for the tile calorimeter modules. 

3. The overall tile calorimeter structure has not been fully analyzed. The 
analysis required can be accomplished when funding for engineering support 
is available. 

4. A plastic tile calorimeter collaboration is currently being formed. 
Significant physics and engineering understanding of the concept is expected 
to the derived form this group in the next few months. 



2.0 

Technical Description 

2 .1. Parameters 
2. 2. Configuration 

Drawing 
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GEM Detector 
Plastic Tile Hadron Calorimeter 

General Arrangement 
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Central Barrel 

End Barrel Assembly 

End Cap Assembly 
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3.0 

Design Calculations and 
Comments 
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Copper Hadfl .~bs Thick 

Calculation of effective interaction length 
Sense Material: Plastic Tile 
Absorber Material: Copper Plate 

Material Denslh Int Lenaht Fraction Inter. Lah 
a/cm"3 a/cm"2 %Vol cm/L 

Ab<:arber l"nmnncitjnn 

SQl!oer 8.96 134.9 88.24% 15.06 
Sen<:e Material Comno<:ltlon 
Pl!!§.!IC 1.03 83.7 8.82% 81.10 
Gan<: 
Air 0.00 2.94% 
Totals 8.00 100% 

Hadron Make-up· ' 

Material Layers Thickness Total Units 
Conner 1 30.0 30.0 mm 
Air 1 1.0 1.0 mm 
Plastic 1 3.0 3.0 mm 

34.0 mm 

Note: Air gap includes tile and fiber clearances 

Oak Ridge National Laboratory/3/26-92 

) ) ) 

Effect. IL 
cm/L 

17.06 

919.19 

16.75 

Total 
Pere 

88.24% 
2.94% 
8.82% 
100% 



31195 80 mm 
_t_ 
-r 

l-
l.t 15 

G.03.T.001 

"Plate Type" Designation 

I 
BIB-

-n1c-.. 
~B/Dt 

I 
I 
I Inner Support Structure I 
I (15 mm thick) 
I 

4301 mm 

------ ---------
-=~------------------

B/Et-

B/F-1 
. 
~ 

_., foo- SO mm 

I 

"11/S 13" or "BIT 13" 

l 
II Spacer" or "Tile" Type 

SI" or "11/T I" on inner ("II/ 
Row ) 

-------

noo -------11.-~j «J~FJ0+1~F~:::P:~~c~! .. 
GEM Detector 

Plastic Tile/Copper 
Hadron Calorimeter Rennich 

Component Designations for Parameters Worksheet 

• • • • • • 



) ) ) ) ) ) ) ) ) 

Parameters Worksl JORNL-3/26/92 

Plastic Tile Calorimeter Parameters 

Calculation of the size and number of all the prlnclple components 
In the GEM plastic tile celorlmter 
See Drawing number G.03.CU.024 for component designations 

Calculated Numbers 
Number of SubAss 5 ea 
Absorb. Thickness 3 cm 
Wah of Absorber 1.344 Mt 
Wah of Plastic 15 Mt 
Wah of Fib Shields 27 Mt 
Wah of Structure 35 Mt Determined by Separate Structural Analysis 
Total Welaht 1 421 Ml 
Area of Plastic 4758 M•2 
Number of Tiles 322.048 ea Averaae Fiber Lenath 1.087 M 
Lenath of Fiber 120.392 M Averaae Tile Area 147.76 cm•2 
Number of Fibers 110.720 ea Laraest Tile 220.31 cm•2 
Number of Channels 11541 ea 

Density of Conner 0.00896 Ka/cm•3 
Density of Plastic 0.00103 Kg/cm•3 
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Parameters Worksl JORNL-3/26/92 

!!!~Ut Central Barrel Parameters 
Number of Phi Modules 64 '0.1 Seamentallon\ 
Q!!l!J!elween Modules 0.25 cm 
Fiber Guard Thickness 0.1 cm 
Absorber Plate Thickness 1.325 cm 
~f!acer Plate thickness 0.35 cm 
Tile Th lckness I 0.3 cm 
Stack Thickness I 3.35 cm 
"'fop/Bottom Plate Clearance 0.1 cm 

!!!e Helnht I 7.7 cm 
Fiber Channel Width 0.35 cm 

Out~ut Cent. Barrel Parameters 
~gh ol Cooner 775 Mt 
~gh of Plastic 8.145 Ko 
Area of Plastic 2636 M•2 
Number of Tiles 168.192 ea 
Lel}glh of Fiber 41.226 M 
No. of Fibers 33.792 ea 
Number of Channels 2816 ea 

Calculation of Central Barrel Module Absorber Plates 

PJ!!!e TYf!! Number Lono Sea Seg__ Thickness Bottom Too Pit Area Pit Vol Pit Wah Total Wnh 
cm cm cm cm cm•2 cm•3 Ka Ka 

A 120 2 1 8 1.325 141.5 309.50 3 688 4.887 43.79 5.254 
B 72 20 8 1.325 141.5 301.50 3.450 4.571 40.95 ~949 

-

c 72 18 8 1.325 141.5 285.50 2 991 3.964 35.51 2.557 
Totals 264 10.129 13,421 120.25 10.760 -------
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Parameters Works .t/ORNL-3/26/92 

Calculation of Central Barrel Module Copper Spacer Plates 
Calculations are for one barrel module only 

So acer Number Thickness Bottom TOD Pit Area Pit Vol Pit Wgh Total Wgh 
Tune Soacers cm cm cm cmA2 cmA3 Ka Ka 
51 132 0.35 141.5 149.50 103 36 0.324 42.71 
52 132 0.35 149.5 157 .50 109 38 0_343 45.31 
53 132 0.35 157.5 165.50 116 41 0.363 47.91 
54 132 0.35 165.5 173.50 122 43 0.383 50.52 
55 132 0.35 173.5 181.50 128 45 0.402 53.12 
56 132 0.35 181.5 189.50 135 47 0.422 55.72 
57 132 0.35 189.5 197.50 141 49 0.442 58.32 
SB 132 0.35 197.5 205.50 147 52 0.462 60.93 
59 132 0.35 205.5 213.50 153 54 0.481 63.53 

510 132 0.35 213.5 221.50 160 56 0.501 66.13 
511 132 0.35 221.5 229.50 166 58 0.521 68.74 
512 132 0.35 229.5 237 .50 172 60 0.540 71.34 
513 132 0.35 237.5 245.50 179 63 0.560 73.94 
514 132 0.35 245.5 253.50 185 65 0.580 76.55 
515 132 0.35 253.5 261.50 191 67 0.600 79.15 
516 132 0.35 261.5 269.50 197 69 0.619 81.75 
517 132 0.35 269.5 277.50 204 71 0.639 84.35 
518 132 0.35 277.5 285.50 210 74 0.659 86.96 
519 96 0.35 285.5 293.50 216 76 0.678 65.14 
520 96 0.35 293.5 301.50 223 78 0.698 67.03 
521 132 0.35 301.5 309.50 229 80 0.718 94.77 

Totals 2700 1393.91 
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Parameters Works VORNL-3/26/92 

Calculation of Central Barrel Module Plastic Tile Plates 
Calculations are for one barrel module only 

Module Totals 
Tile Type Number Thickness Bottom Top Tile Area Tile Vol Tile Wah Welaht Tiles 

cm cm cm cm•2 cm•3 Ka Ka cm•2 
T1 132 0.3 141.6 149.30 99 30 0.031 4.05 13.102 
T2 132 0.3 149.6 157.30 105 32 0.033 4.30 13,901 
T3 132 0.3 157 .6 165.30 111 33 0.034 4.54 14,700 
T4 132 0.3 165.6 173.30 117 35 0.036 4.79 15 ,499 
TS 132 0.3 173.6 181.30 123 37 0.038 5.04 16 ,298 
T6 132 0.3 181.6 189.30 130 39 0.040 5.28 17 .097 
T7 132 0.3 189.6 197.30 136 41 0.042 5.53 17 .896 
TS 132 0.3 197 .6 205.30 142 42 0.044 5.78 18.695 
T9 132 0.3 205.6 213.30 148 44 0.046 6.02 19,494 

TlO 132 0.3 213.6 221.30 154 46 0.048 6.27 20,293 
T 11 132 0.3 221.6 229.30 160 48 0.049 6.52 21,092 
T12 132 0.3 229.6 237 .30 166 50 0.051 6.76 21,891 
T13 132 0.3 237.6 245.30 172 52 0.053 7.01 22.689 
T14 132 0.3 245.6 253.30 178 53 0.055 7.26 23.488 
T15 132 0.3 253.6 261.30 184 55 0.057 7.50 24.287 
T16 132 0.3 261.6 269.30 190 57 0.059 7.75 25.086 
T17 132 0.3 269.6 277.30 196 59 0.061 8.00 25.885 
T18 132 0.3 277.6 285.30 202 61 0.062 8.25 26.684 
T19 96 0.3 285.6 293.30 208 62 0.064 6.18 19.988 
T20 96 0.3 293.6 301.30 214 64 0.066 6.36 20.569 
T21 60 0.3 301.6 309.30 220 66 0.068 4.08 13 .219 

Totals 2628 127 .26 411,853 
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Parameters Works ,VORNL-3/26/92 

Central Barrel Module Descriptions-continued 
Calculation of A ooroxlmate Fiber count and lenghts 
Readout No. of Seament Levers Levers Plates Fibers Fiber Fiber Tot Fib No of No. of No. of 
Tower Tvne Lonaitud. Axial Lenath Lah/Sea Lenaht Tiles ~hanne Fibers 

each each each each cm M m ea ea ea 
A 5 1 5 6 30 12 188 22.56 307 630 20 240 

2 5 6 30 12 148 17.76 
3 5 6 30 12 108 12-96 
4 6 6 36 12 68 8_ 16 

B 3 1 5 6 30 12 180 21.60 173 360 1 2 144 
2 5 6 30 12 140 16.80 
3 5 6 30 12 100 12.00 
4 5 6 30 12 60 7.20 

c 3 1 4 6 24 12 164 19.68 164 324 1 2 144 
2 4 6 24 1 2 132 15.84 
3 5 6 30 12 100 12.00 
4 5 6 30 12 60 7.20 

Totals tor One Central Barrel Module 644.16 1314 44 528 
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Parameters Works .VOANL-3/26/92 

Input End Barrel Parameters 
Number of Phi Modules 64 '0.1 Seamentatlonl 
Gap Between Modules 0.25 cm 
Fiber Guard Thickness 0.1 cm 
Absorber Plate Thickness 1.325 cm 
Spacer Plate thickness 0.35 cm 
Tile Thickness I 0.3 cm 
Stack Thickness I 3.35 cm 
Top/Bottom Plate Clearance 0.1 cm 
Tile Heiaht I 7.7 cm 
Fiber Channel Width 0.35 cm 

Output End Barrel Parameters Output End Barrel Parameters 
One Side Only Two Sides 
W11h of Coooer 199 Mt Wah of Coooer 398 Mt 
~gh of Plastic 2,296 Kg Wah of Plastic 4,591 Kg 
Area of Plastic 743 M•2 Area al Plastic 1,486 M•2 
Number of Tiles 52,224 ea Number of Tiles 104.448 ea 
Length of Fiber 22.733 M Lenoth of Fiber 45,466 M 
No. of Fibers 24,576 ea No. of Fibers 49,152 ea 
Number of Channels 2048 ea Number of Channels 4,096 ea 

Calculation of End Barrel Module Absorber Plates 

Plate Tun< Number Lona Sea Sea Thickness Bottom TOD Pit Area Pit Vol Pit Wah Total Wah 
cm cm cm cm cm•2 cm•3 Ka Ka 

D 24 16 8 1.325 141.5 269.50 2.558 3.390 30.37 729 
E 24 1 4 8 1.325 141.5 253.50 2.150 2.849 25.53 613 
F 60 13 8 1.325 141.5 245.50 1.956 2.592 23.22 1.393 

Totals 108 6.665 8.831 79.12 2 735 
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Parameters Works ,t/ORNL-3/26/92 

Calculation of End Barrel Module Copper Spacer Plates 
Calculations are for one barrel module only 

5oacer Number Thickness Bottom Too Pit Area Pit Vol Pit Wah Total Wah 
Tvoe 5oacers cm cm cm cmA2 cmA3 Ka Ka 

51 54 0.35 141.5 149.50 103 36 0.324 17.47 
52 54 0.35 149.5 157.50 109 38 0.343 18.54 
53 54 0.35 157 .5 165.50 116 41 0.363 19.60 
54 54 0.35 165.5 173.50 122 43 0.383 20.67 
55 54 0.35 173.5 181.50 128 45 0.402 21.73 
56 54 0.35 181.5 189.50 135 47 0.422 22.80 
57 54 0.35 189.5 197.50 141 49 0.442 23.86 
58 54 0.35 197.5 205.50 147 52 0.462 24.92 
59 54 0.35 205.5 213.50 153 54 0.481 25.99 

510 54 0.35 213.5 221.50 160 56 0.501 27 .05 
511 54 0.35 221.5 229.50 166 58 0.521 28.12 
512 54 0.35 229.5 237.50 172 60 0.540 29.18 
513 54 0.35 237.5 245.50 179 63 0.560 30.25 
514 42 0.35 245.5 253.50 185 65 0.580 24.36 
515 42 0.35 253.5 261.50 191 67 0.600 25.18 
516 30 0.35 261.5 269.50 197 69 0.619 18.58 

Totals 816 378.30 
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Parameters Works .llORNL·3/26/92 

Calculation of End Barrel Module Plastic Tile Plates 
Calculations are for one barrel module only 

Module Totals 
Tile Tvoe Number Thickness Bottom Too Tile Area Tile Vol Tile Wah Wela ht Tiles 

cm cm cm cmA2 cmA3 Ka Ka cmA2 
T1 54 0.3 141.6 149.30 99 30 0.031 1.66 5.360 
T2 54 0.3 149.6 157.30 105 32 0.033 1.76 5.687 
T3 54 0.3 157 .6 165.30 111 33 0.034 1.86 6.014 
T4 54 0.3 165.6 173.30 117 35 0.036 1.96 6,341 
TS 54 0.3 173.6 181.30 123 37 0.038 2.06 6,667 
T6 54 0.3 181.6 189.30 130 39 0.040 2.16 6,994 
T7 54 0.3 189.6 197 .30 136 41 0.042 2.26 7,321 
TB 54 0.3 197 .6 205.30 142 42 0.044 2.36 7,648 
T9 54 0.3 205.6 213.30 148 44 0.046 2.46 7 ,975 

T10 54 0.3 213.6 221.30 154 46 0.048 2.57 8,302 
T11 54 0.3 221.6 229.30 160 48 0.049 2.67 8,628 
T12 54 0.3 229.6 237.30 166 50 0.051 2.77 8,955 
T13 54 0.3 237.6 245.30 172 52 0.053 2.87 9,282 
T14 42 0.3 245.6 253.30 178 53 0.055 2.31 7 ,474 
T15 42 0.3 253.6 261.30 184 55 0.057 2.39 7,728 
T16 30 0.3 261.6 269.30 190 57 0.059 1.76 5.701 

Totals 816 35.87 116.077 
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Parameters Works. .VORNL-3/26/92 

End Barrel Module Descriptions-continued 
Calculation of A >Proximate Fiber count and lenahts 
Readout No. of Seoment Layers Layers Plates Fibers Fiber Fiber Tot Fib No of No. of No. of 
Tower Type Lonaitud. Axial Lenath Lah/Sea Lenaht Tiies r.hanne Fibers 

each each each each cm M m ea ea ea 
D 2 1 4 6 24 12 148 17.76 96 192 8 96 

2 4 6 24 12 116 13.92 
3 4 6 24 12 84 10.08 
4 4 6 24 12 52 6.24 

E 2 1 3 6 18 12 132 15.84 90 168 8 96 
2 3 6 18 12 108 12.96 
3 4 6 24 12 84 10.08 
4 4 6 24 12 52 6.24 

F 4 1 3 6 18 12 124 14.88 169 312 1 6 192 
2 3 6 18 12 100 12.00 
3 3 6 18 12 76 9.12 
4 4 6 24 12 52 6.24 

Totals for One End Barrel Module 355.2 672 32 384 
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Parameters Works ,t/ORNL-3/26/92 

Parameters for End Caps 

Input Parameters 
Number ol Modules 32 ea 
Gaps Between Modu 0.025 cm 
Fiber Guard Thick 0.1 cm 
Absorb. Pit Thick 1.325 cm 
Soacer Thickness 0.35 cm 
Tile Thickness 0.3 cm 
Tile Leng ht 8 cm 
Dist. to Laver One 230 cm 
Inner Radius 3 eta 
Stack Thickness 3.35 cm 

Output Parameters, One End Cap Output Parameters Two End Caps 
Wah ol Conner 86 MT Wah ol Conner 171 MT 
Wah of Plastic 984 KG Wah of Plastic 1968 Kg 
Area ol Plastic 318.40 M"2 Area of Plastic 637 M•2 
Number ol Tiles 24. 704 ea Number of Tiles 49408 ea 
l,,ength ol Fiber 16.850 M Lenath ol Fiber 33, 700 M 
Number ol Fibers 13.888 ea Number of Fibers 27,776 ea 
Number ol Channels 2315 ea Number ol Channels 4629 ea - ·----- - -- - -
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Parameters Works. .VORNL-3/26/92 

Calculation of End Cap Module Component Dimensions 
Calculations are for one Module only 

Parameters for Laver E/A 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Levers Width Width 
each cm cm each cm cm 

3 21.10 135 34 3.91 26.34 

Absorber So acer Tiie 
Plates Plates Plates 

Average Area 121.00 121.00 121.00 cm"2 
Total Areal 24,683 12.342 12,342 cm"2 
Total Volume 32. 705 4 320 3,702 cm"3 
Total Welaht 293.04 38.70 3.81 Ka 
Total Number 102 Each 

Parameters tor Laver E/B 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Lavers Width Width 
each cm cm each cm cm 

4 24.45 135 33 4.57 26.34 

Absorber So acer Tile 
Plates Plates Plates 

Averaae Area 123.64 123.64 123.64 cm"2 
Total Areal 32,640 16.320 16,320 cm"2 
Total Volume 43,248 5,712 4,896 cm"3 
Total Weight 387 .50 51.18 5.04 Kg 
Total Number 132 Each 
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Parameters Works Jt/ORNL-3/26/92 

Parameters for Laver E/C 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Lavers Width Width 
each cm cm each cm cm 

3 27.80 135 32 5.23 26.34 

Absorber Spacer Tile 
Plates Plates Plates 

Averane Area 126.28 126.28 126.28 cm•2 
Total Areal 24.245 12.122 12.122 cm•2 
Total Volume 32.124 4.243 3.637 cm•3 
Total Weight 287 .83 38.02 3.75 Ka 
Total Number 96 Each 

Parameters for Laver E/D 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Levers Width Width 
each cm cm each cm cm 

4 31.15 135 31 5.89 26.34 

Absorber Spacer Tile 
Plates Plates Plates 

Averaae Area 128.91 128.91 128.91 cm•2 
Total Areal 31.971 15.985 15.985 cm•2 
Total Volume 42.361 5.595 4 796 cm•3 
Total Weiaht 379.56 50.13 4.94 Kg 
Total Number 124 Each 
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Parameters Works ~VORNL-3/26/92 

Parameters for Laver E/E 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Levers Width Width 
each cm cm each cm cm 

3 34.50 135 30 6.55 26.34 

Absorber SDacer Tile 
Plates Plates Plates 

Average Area 131.55 131.55 131.55 cm"2 
Total Areal 23.680 11.840 11.840 cm"2 
Total Volume 31 376 4.144 3.552 cm"3 
Total Weight 281.13 37.13 3.66 K!I 
Total Number 90 Each 

Parameters for Laver E/F 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Levers Width Width 
each cm cm each cm cm 

4 37 .85 135 29 7.21 26.34 

Absorber Soacer Tile 
Plates Plates Plates 

Averane Area 134.19 134.19 134. 19 cm"2 
Total Area 31. 133 15,566 15,566 cm"2 
Total Volume 41 251 5,448 4,670 cm"3 
Total Wein ht 369.61 48.82 4.81 Kn 
Total Number 116 Each 
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Parameters Works. ;VORNL-3126192 

Parameters for Laver E/G 
Number Inner Outer Number Inner Outer 
Rows Radius Radius Lavers Width Width 
each cm cm each cm cm 

4 41.20 135 28 7.87 26.34 

Absorber Soacer Tiie 
Plates Plates Plates 

Average Area 136.83 136.83 136.83 cm•2 
Total Areal 30,651 15,325 15,325 cm•2 
Total Volume 40.612 5.364 4.598 cm•3 
Total Weight 363.89 48.06 4.74 Kg 
Total Number 112 Each 
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Parameters Work~ JUORNL-3/26/92 

End Cap Module Descriptions-continued 
Calculation of Approximate Fiber count and lenghts 

Calculated Total Fiber Lenght tor one end cap= 16,850 Meters 
Calculated total number of fiber tor one end cap= 13,888 Each 
Calculated total number of channels tor one end cap= 2,315 Each 

Layer No. of Segments Fiber Fibers/ Total Fibe Channels 
Tvoe Lave rs Per Laver Leng ht Laver Length 

each cm each Meters 
E/A 3 34 200 68 136 11 
E/B 4 33 176 66 116 11 
E/C 3 32 144 64 . 92 11 
EID 4 31 120 62 74 10 
E/E 3 30 88 60 53 10 
E/F 4 29 64 58 37 10 
E/G 4 28 32 56 1 8 9 

434 527 72 
Totals tor One End Cao Module 
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Parameters Works. ,tJQRNL-3/26/92 

Calculation of Barrel Module Fiber Guard Plates 

Input Parameters 
Guard Plate Thickness 
Number of Plates 

Calculated Parameters 
Total Area 
Total Weight 

Area He la ht Lenath 
cm cm 

A 168 402 
B 160 241.2 
c 144 241.2 
D 128 160.8 
E 112 160.8 
F 104 402 

Totals 816 

• 

0.1 
128 

283 
25.38 

Pt Area 
cm•2 
6,754 
3,859 
3,473 
2,058 
1,801 
4, 181 

22, 126 

cm 
each 

M"2 
Mt 

Pit Wah 
Ka 

60.51 
34.58 
31.12 
18.44 
16.14 
37.46 

198.25 
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Parameters Works. ,t/ORNL-3/26/92 

Calculation of End Cap Module Fiber Guard Plates 

Input Parameters 
Guard Plate Thickness 
Number of Plates 

Calculated Parameters 
Total Area 
Total Weight 

Area He la ht Lenath 
cm cm 

E/A 113.9 24 
E/B 110.55 32 
EiC 107.2 24 
E/D 103.85 32 
E/E 100.5 24 
E/F 97.15 32 
E/G 93.8 32 

Totals 633.15 

0.1 
64 

1 1 
1.01 

Pt Area 
cmA2 
273 
354 
257 
332 
241 
311 
300 

1,769 

cm 
each 

M"2 
Mt 

Pit Wah 
Ka 

2.45 
3.17 
2.31 
2.98 
2.16 
2.79 
2.69 

15.85 
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Design Sketches 
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c;.03.T.005 Top View of One Phi Segment 
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Mah ..• al: Copper 

-T t I PL t 264 oa a es: 
(See Attached Detail Sheet) 
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5.0 

Manf acturing and 
Assembly 



Manufacturing of Plastic Tile Hadron Calorimeter 

Plastic Tile Hadron Calorimeter 
STATION ONE 

! 1.00 Barrel Module Assembly 
Task Task Descrlpl Hrs/Unit Person load Tot PHRS/Unlt Units Tot. PHRS Run. Time 
1.01 Receive Module Block 4 3 12 1 12 4 
1.02 Dimensional Inspection 2 2 4 1 4 2 
1.03 Install Readout Frames 2 2 4 1 4 2 
1.04 Clean Block 6 2 12 1 12 6 
1.05 Insert Plastic Tiies 0.01 1 0.01 2628 26.28 26.28 
1.06 lns ...... t Tiie Fltuo 0.005 1 0.005 2628 13.14 13.14 
1.07 Cut and Sort Fibers 0.02 1 0.02 528 10.56 10.56 
1.08 Install Fibers 0.05 1 0.05 528 26.4 26.4 

I 1.09 Group and Route Fiber Bundles 0.5 1 0.5 44 22 22 
1.10 Install Fibers In Readout Frame 0.25 1 0.25 44 11 11 
1.11 Inspect Fiber Installation 0.12 1 0.12 44 5.28 5.28 
1.12 Install Fiber Shields 4 2 8 2 16 8 

1.13 Finish Bundle Ends 1 1 1 44 44 44 

1.14 Comolete Closure and lnsoecttons 2 2 4 1 4 2 
1.15 Move Module to Barrel Assemblv 2 3 6 1 6 2 

Totals for One Barret Module 23.955 51.955 216.66 184.66 
Personnel Elllclencv 1.25 1.25 

Estimated Personhours/Module 271 231 
Modules/Assemblv 64 64 

Total Personhours for Station One 17333 14773 

Parson Years 1770 Hr/Yr 9.79 
Station Ona Machine Years 3540 Hr/Yr 4.17 

-

Mark Rennich/ Oak Ridge National Laboratory/ 4-20-92 



.. 
Manufacturing of Plastic Tile Hadron Calorimeter 

STATION TWO .. 
2.00 End Barrel Module Assembly 
Task Task Descript. Hrs/Unit Persontoad Tot PHRS/Unit Units Tot PHRS Run. Time 

2.01 Receive Module Block 4 3 12 1 12 4 

2.02 Dimensional lnsaectlon 2 2 4 1 4 2 

2.03 Install Readout Frames 2 2 4 1 4 2 

2.04 Clean Block 6 2 12 1 12 6 -2.05 Insert Plastic Tiies 0.01 1 0.01 816 8.16 8.16 

2.06 lnsoact Tiie FituD 0.005 1 0.005 816 4.08 4.08 
2.07 Cut and Sort Fibers 0.02 1 0.02 384 7.68 7.68 

2.08 Install Fibers 0.05 1 0.05 384 19.2 19.2 

2.09 Groua and Route Fiber Bundles 0.5 1 0.5 32 16 16 
2.10 Install Fibers In Readout Frame 0.25 1 0.25 32 8 8 .. 
2.11 lnsoect Fiber Installation 0.12 1 0.12 32 3.84 3.84 
2.12 Install Fiber Shields 4 2 8 2 16 8 
2.13 Finish Bundle Ends 1 1 1 32 32 32 
2.14 Comolete Closure and lnsoectlons 2 2 4 1 4 2 
2.15 Move Module to Barrel Assemblv 2 3 6 1 6 2 

Totals for One End Barrel Module 23.955 51.955 156.96 124.96 -Personnel Elflclancv 1.25 1.25 
Estimated Personhours/Module 196 156 

Modules/Two Assemblies 128 128 
Total Parsonhours for Station Two 25114 19994 

Person Years 1770 Hr/Yr 14.19 
Station Two Machine Years 3540 Hr/Yr 5.65 -

-
-
... 

-

Mark Rennich/ Oak Ridge National Laboratory/ 4-20-92 



Manufacturing of Plastic Tile Hadron Calorimeter 

STATION THREE 

3.00 End Plug Module Assembly 
Task Task Descrlpt. Hrs/Unit Personload Tot PHRSIUnit Units Tol PHRS Run. Time 

3.01 Receive Modula Block 4 3 12 1 12.0 4.0 
3.02 Dlmenslonal lnsoectlon 2 2 4 1 4.0 2.0 
3.03 Install Readout Frames 2 2 4 1 4.0 2.0 
3.04 Clean Block 6 2 12 1 12.0 6.0 
3.05 Insert PlasUc Tiles 0.01 1 0.01 n2 7.7 7.7 
3.06 lns~t Tiie Fltup 0.005 1 0.005 772 3.9 3.9 
3.07 Cut and Sort Flbars 0.02 1 0.02 434 8.7 8.7 
3.08 Install Fibers 0.05 1 0.05 434 21.7 21.7 
3.09 Groua and Route Flbar Bundles 0.5 1 0.5 72 36.2 36.2 
3.10 lnsiall Flbars In Readout Frame 0.5 1 0.5 72 36.2 36.2 
3.11 Jnsnart Aber Installation 0.25 1 0.25 72 18.1 18.1 
3.12 Install Flbsr Shlaids 4 2 8 2 16.0 8.0 
3.13 Finish Bundle Ends 1 1 1 72 72.3 72.3 
3.14 Comoleta Closure and lnsoectlons 2 2 4 1 4.0 2.0 
3.15 Mova Module to Barrel Assemblv 2 3 6 1 6.0 2.0 

Totals for Ona End Barrel Modula 24.335 52.335 262.7 230.7 
Personnai Elllclencv 1.25 1.25 

EsUmllad Parsonhours/Module 328 288 

Modules/Two Assemblies 64 64 

Total Personhours for Station Three 21016 18456 

Parson Years 1no Hr/Yr 11.87 
Station Three Machine Years 3540 Hr/Yr 5.21 

-

-
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-Manufacturing of Plastic Tile Hadron Calorimeter 

STATION FOUR -
4.00 Central Barrel Assembly 
Task Task Descript. Hours Person load Unit Tot PHRS Quantity Tot. PHRS Run. 11me 

4.01 Adjust Barrel Assemblv Stand 8 2 16 1 16 8 

4.02 lnsoect Barrel Assemblv Stand 8 2 16 1 16 8 

4.03 Receive Barrel Modules 4 2 8 64 512 256 -4.04 Install Barrel Modules 4 1 4 64 256 256 

4.05 Install Cables and PipinQ 24 2 48 1 48 24 

4.06 lnsNM'!.t Barrel Subassemblv 4 2 8 1 8 4 

4.07 Secure and Stora Subassembly 4 2 8 1 8 4 
Total for Station Four 56 108 864 560 

Personnel Efflciencv 1.25 1.25 -Estimated Personhours 1080 700 

Person Years 1770 Hr/Yr 0.61 
Station Four Machine Years 1770 Hr/Yr 0.40 

STATION FIVE 

5.00 End Barrel Assembly -
Task Task Descript. Hours Person load Unit Tot PHRS Quantity Tot. PHRS Run. Time 

5.01 Adlust Barrel Assemblv Stand 8 2 16 1 16 8 
5.02 lnsDect Barrel Assembly Stand 8 2 16 1 16 8 
5.03 Receive Barrel Modules 4 2 8 64 512 256 
•.04 Install Barrel Modules 4 1 4 64 256 256 ... 
.05 Install Cables and PlpinQ 24 2 48 1 48 24 

5.06 lnsoect Barrel Subassemblv 4 2 8 1 8 4 
5.07 Secure and Store Subassemblv 4 2 8 1 8 4 

Total for Station Four 56 108 864 560 
Personnel Efflclencv 1.25 1.25 

Estimated Personhours 1080 700 ... 
Number of Subassemblies 2 2 

Total PersonhourstStation Five 2160 
Person Years 1770 Hr/Yr 1.22 

Station Five Machine Years 1770 Hr/Yr 0.79 

... 

... 

... 
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Manufacturing of Plastic Tile Hadron Calorimeter 

Station Six 
6.00 End Plua Assembly 
Task Task Oescript. Hours Personload Unit Tot PHRS Quantity ToL PHRS Run. Time 
6.01 Adlust End Plua AssemblV Stand 6 2 12 1 12 6 
6.02 Receive End Plua Abs. Plate 1 2 2 32 84 32 
6.03 Receive End Plua Tiie Plate 1 2 2 32 84 32 
6.04 Install Soacers 0.5 2 1 32 32 16 
6.05 Install Readout Frames 4 2 8 1 8 4 
6.06 Group Aber Bundles 12 2 24 1 24 12 
6.07 Terminate Fiber Bundles 4 2 8 1 8 4 
6.08 Finish Fiber Bundle Ends 24 2 48 1 48 24 

I 6.09 Install Readout Mlxer/PMT 8 2 16 1 16 8 
6.10 Install Cabllna and Plolna 48 2 96 1 96 48 
6.11 Install Shleldlna 12 2 24 1 24 12 
6.12 lnsoect End Plua Subassemblv 4 2 8 1 8 4 

6.13 Secure and Store Subassemblv 4 2 8 1 8 4 
Total for Station Six 128.5 257 412 104 

Personnel Efllciencv 1.25 1.25 
Estimated Personhours/Subassemblv 515 130 

Number of Subassemblles 2 2 
Total Personhours/Statlon Six 1030 

Person Years 1770 Hr/Yr 0.58 
Station Six Machine Years 1770 Hr/Yr 0.15 

Schedule Reauirements 2 Year (50 week) Production Schedule Assumed 

All A§s~m!;!I~ Work To !3e P~rfQrm~i;! At th~ SSC!. 

Total Estimated Personhours 67,732 

Total Person Years@1770 Hr/Yr 38.27 

Mark Rennich/ Oak Ridge National Laboratory/ 4-20·92 
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6.0 

Costing Analysis 

,... 



Plastic Tile Calorimeter Equipment Requirements 

-

Egyigm!i!n1 R!i!gyir!i!~ Fgr Pl§i:Z1i!:< Til!i! ~i11Qrim!i!1!i!r 

Summary Listing -
WBS Equipment Quantity Unit Cost Total Cos• 

.0.2.4.1.5.1.1 Cent. Barrel Module Ass. Stands 5 1 5 75 

.0.2.4.1 .5.2.2 End Barrel Module Ass Stands 7 15 105 

.0.2.4.1.5.3.2 End Cap Module Assembly Stands 3 1 0 30 

.0.2.4.1.5.4.2 Barrel Assembly Stand 1 450 450 

.0.2.4.1 .5.5.2 End Barrel Assembly Stand 2 75 150 

.0.2.4.1.5.6.2 End Cap Assembly Stand 2 75 150 - .0.2.4.1.5.7.2 Tiie Milling Machine 1 250 250 

.0.2.4.1.5. 7 .3 Tile Finishing Machine 2 250 500 

.0.2.4.1.5.7.4 Cent. Barrel Module Lifting Fix. 1 50 50 

.0.2.4.1.5. 7 .5 End Barrel Module Lift. Fixture 1 50 50 

.0.2.4.1.5.7 .6 End Cap Module Lifting Fixture 1 40 40 

.0.2.4.1.5.7.7 Module Dimensional lnsp. Fix. 1 100 100 

.0.2.4.1.5.7.8 Fiber Cuttina Machine 1 25 25 

.0.2.4.1.5. 7 .9 Portable Readout Test Stand 2 100 200 
.0.2.4.1.5.7.10 Temporary Wiring Harness 2 25 50 
.0.2.4.1.5.7.11 Op Test Sources/Counters 2 25 50 

Total Equipment Cost 2275 

-

-
Mark Rennich/Oak Ridge National Laboratory/ 4-6-92 



WDS: 1.3.3.6.1 

lnstallatjon Manuower-Plastic Tile Hadron Calorimeter 

Personnel No. Duration Service Time Total Hours Hourly Rate Cost 
Months Mii/Month 

Millwrights 4 3 173 2076 23.00 $47,748 
Electrician 4 6 173 4152 20.63 $85,656 
Crane Operator I 3 173 519 27.42 $14,231 
Rilmer 6 5 173 5190 24.99 $129,698 
Pipe Fitter 4 2 173 1384 22.13 $30,628 

Total 19 13321 118.17 $307,961 
Person Years 6.53 
Yearly Rate $47.16K 

Mark Rennich/Oak Ridge National Laboratory/3-31 -92 
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Beam Test Cai. .. g-Plastlc Tile 

Plastic Tj!e Hadron Calorimeter 

0.2.4.5 Beam Test Plan 

WBS Quantity Test Cost Total 

I .0.2.4.5.1 !Individual Tests so $11,739 $586.94K 
Test Duration: 100 Hrs 

Item Cost Unit 
Installation Labor $23.72 Hr 96 $2,277 
Test Labor $37.02 Hr 80 $2,962 
Beam Cost $50.00 Hr 120 $6,000 
Material $500.00 Each I $500 

I .0.2.4.5.2 !Tower Test Fixture $500.00K 

I .0.2.4.5.3 !Test Electronics/Cablin2 $750.00K 

I .0.2.4.5 !Total Detector Testine Total $1,836.94K 

Notes: Tests to be performed at the SSCL 
Tests performed by SSCL employees 
Test Team composed of: 2 Pers/Sh ft 
(Engineer/Physicists) 
Duration of Average Test Will be: 120 Hrs 
Installation of modules will require: 24 Hrs 
Removal of Modules will require: 8 Hrs 
Install/Removal Team composed of: 3 Persons 
(Senior Technicians) 

Page 1 / ORNL 4-8-92 



Plastic Tile t.._.erlal Costs 

£1o:zUi: Iil!!LCnoDI![ Motl!ciol Cn:zt:z 
Unit Cnsts 

WBS Item Description Unit Cost Units Quantitv Cost Total 

.0.2.4.1.3.2/3 End Barrel Modules 128 $17.465 $2.235K 

0.1 Module Blocks $14.493 
Conner Plate 90Cu/1 osn $4.41 Ka 3.110 $13,715 
Plate Slzina $0.25 Ka 3.110 $778 

0.2 Module Bondina $1.350 
Labor $25.00 Hr 30 $750 

Furnace $600 
0.3 Module Finishing $600 

Labor $25.00 Hr 20 $500 
Material $100 

0.4 ShJnnlno $1,022 
Labor $25.00 Hr 6 $150 

Container $250 
Freight $0.20 Ka 3.110 $622 

Oak Ridge National Laboratory/4· 16·92 
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Plastic Tiie t.._ .. erlal Costs 

flasth: Iili:lC21u1i:c Mati:cial C211111 
Unit Cgsts 

WBS Item Description Unit Cost Units Quantity Cost Total 

.0.2.4.1.3.4/5 End Cap Modules 64 $15,272 $977K 

0.1 Module Blocks $12,582 
Conner Plate 90Cu/1 OSn $4.41 Ka 2.700 $11.907 
Plate Slzlna $0.25 Ka 2.700 $675 

0.2 Module Bondlna $1.000 
Labor $25.00 Hr 1 6 $400 

Furnace $600 
0.3 Module Flnlshlna $700 

Labor . $25.00 Hr 24 $600 
Material $100 

0.4 Shlppln11 $990 
Labor $25.00 Hr 8 $200 

Container $250 
Frei a ht $0.20 Ka 2,700 $540 

$539K 
.0.2.4.1.2 Plastic Tile $100.00 MA2 4758 $475,800 

Labor $25.00 Hr 2000 $50.000 
Containers $250.00 Each 1 2 $3.000 

Frel11ht 1 $10,000 

.0.2.4.1.1 1.0 mm dia Fiber SCI $0.35 M 120400 $42K 

.0.2.4.3.1 PMrs Hama. R2490 $1,000 Each 2,885 $2,885K 

Oak Ridge National Laboratory/4-16-92 



Plastic Tiie t.. ...• erial Costs 

fla5ti!: Ii1e/C2uu!:r Mat!:rial C25t5 
Unit C2sts 

WBS Item Descrlotlon Unit Cost Units Quantity Cost Total 

.0.2.4.1.4 Readout 512 $1,156 $592K 
Base Plate Stainless St $16.00 Kas 26.4 $422 
PMT Frame In Sch 80 Pipe $10.00 Kas 4.50 $45 
Liaht Mixer Molded Acrylic $25.00 Each 23 $575 
Fasteners 112 In $0.50 Each 28 $14 

Frei a ht 1 $100 

.0.2.4.3.2 Local Electronics 11541 $50 $571K 
Labor $25.00 Hr 0.5 $13 

Preamp $25.00 Each 1 $25 
Conn./Wire $12 

Oak Ridge National Laboratory/4-16-92 
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Plastic Tile ~._.erial Costs 

£1asti!;: Iile/C211111:r Mat1:rial Costs 
Unit C2sts 

WBS Item Descrlotion Unit Cost Units Quantltv Cost Total 
I 

.0.2.4.2.1 Structural Components 
0.1 Cent. Barrel Struct. $424,000 $424K 

Outer Ribs St. St. Plate $16.00 Ka 15000 $240.000 
Inner Ribs St. St. Plate $16.00 Ka 4000 $64.000 

Structural Alnas St. St. Plate $16.00 Ka 7500 $120.000 

.2/ .3 End Barrel Structure $176.000 $176K 
Outer Ribs St. St. Plate $16.00 Ka 7500 $120,000 
Inner Ribs St. St. Plate $16.00 Ka 1500 $24,000 

Structural Alnas St. St. Plate $16.00 Ka 2000 $32.000 

.4/ .5 End Cao Structure $72,000 $72K 
Face Plate St. St. Plate $16.00 Ka 1500 $24,000 
End Frame St. St. Plate $16.00 Ka 2000 $32.000 

Structural Rinas St. St. Plate $16.00 Ko 1000 $16.000 

0.6 Assembly Eauioment $169,000 $169K 
Cent. Barrel Outrlnner• Struct. Steel $6.00 Ka 10000 $60.000 
End Cao OneOut Rinner Struct. Steel $6.00 Ka 5000 $30.000 

E.C. Two Outrlooers Struct. Steel $6.00 Ka 5000 $30,000 
Rollers $2.000 Each 1 2 $24.000 

Assembly Ralls Struct. Steel $5.00 Ka 5000 $25,000 

Oak Ridge National Laboratory/4-16-92 
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Eyahmtjon of Plastic Tile Cost Estimate 

Strengths 

Accurate Component Count 

Complete Conceptual Design 

Preliminary Manufacturing Plan 

Pre!im. Assembly Equipment Layouts 

Mechanically Simple Configuration 

4/20/92 

• 

Weaknesses 

Lack of Production Prototype 

Lack of Detail Equipment Designs 

Lack of Beam Test Results 

Lack of Individual Tile Design 

• 
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Plastic Tile Hadron Calorimeter Installation Equipment 

WBS Equioment Quantity Weight Units Unit Cost Cost 
1.1.1.1.1.0 Installation Rails 1 600000 Lbs $1.50 $900K 
1.1.1.1.1.0 Central Barrel Lift Fixture 1 50000 Lbs $4.00 $200K 
1.1.1.1.1.0 End Cap Lift Fixture 1 25000 Lbs $4.00 $100K 
1.1.1.1.1.0 Temoorary Bracing 1 10000 Lbs $2.00 $20K 
1.1.1.1.1.0 Crane Rental 1 Ea $250.00 $250K 
1.1.1.1.1.0 Transport Pusher 2 Ea $50.00 $100K 

Total $1,570K 

Mark Rennich/Oak Ridge National Laboratory/4·20·92 



Plastic Tile lli ••.. arial Costs 

Plasti!.: Til!!lC1;u111!!r Mat!!rial C!lsts 
Unit C2sts 

WBS Item Descrlotlon Unit Cost Units Quantity Cost Total 
I 

.0.2.4.1.3.1 Central Barrel Modules 64 $61.956 $3,965K 

0.1 Module Blocks $56,386 
Coooer Plate 90Cu/1 OSn $4.41 Kg 12,100 $53,361 
Plate Slzlna $0.25 Ka 12 .1 00 $3.025 

0.2 Module Bondina $2.000 
Labor $25.00 Hr 36 $900 

Furnace $600 
Material $500 

0.3 Module Finishing $700 
Labor $25.00 Hr 24 $600 

Material $100 
0.4 Shloolna $2.870 

Labor $25.00 Hr 8 $200 
Container $250 

Freight $0.20 Kg 12, 100 $2,420 
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Plastic Tile ~._.erial Costs 

flasti1: TilfLC2uu1:r Mati:rial C2~ls 
Unit C2sts 

WBS Item Description Unit Cost Units Quantity Cost Total 

.0.2.4.1.3.2/3 End Barrel Modules 128 $17 .965 $2.299K 

0.1 Module Blocks $14,493 
Conner Plate 90Cu/10Sn $4.41 Ka 3.110 $13,715 
Plate Sizina $0.25 Ka 3.110 $778 

0.2 Module Bondina $1.850 
Labor $25.00 Hr 30 $750 

Furnace $600 
Material $500 

0.3 Module Finlshlna $600 
Labor $25.00 Hr 20 $500 

Material $100 
0.4 Shiooina $1.022 

Labor $25.00 Hr 6 $150 
Container $250 

Freight $0.20 Ka 3, 110 $622 
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Plastic Tile ~.-.erial Costs 

flastic Iili:lC1m11i:r Mati:rial C2sts 
!lnit Cm1ts 

WBS Item Descriotlon Unit Cost Units Quantity Cost Total 
. 

.0.2.4.1.3.4/5 End Cao Modules 64 $15, 772 $1,009K 

0.1 Module Blocks $12,582 
Coooer Plate 90Cu/10Sn $4.41 K11 2.700 $11.907 
Plate Sizing $0.25 Ka 2,700 $675 

0.2 Module Bondin11 $1,500 
Labor $25.00 Hr 1 6 $400 

Furnace $600 
Material $500 

0.3 Module Finishin11 $700 
Labor $25.00 Hr 24 $600 

Material $100 
0.4 Shipping $990 

Labor $25.00 Hr 8 $200 
Container $250 

Frei a ht $0.20 Ka 2,700 $540 

$539K 
.0.2.4.1.2 Plastic Tile . $100.00 M"2 4758 $475.800 

Labor $25.00 Hr 2000 $50.000 
Containers $250.00 Each 1 2 $3,000 

Freiaht 1 $10.000 

.0.2.4.1.1 1.0 mm dia Fiber SCI $0.35 M 120400 $42K 

.0.2.4.3.1 PMT's Hama. R2490 $1,000 Each 2,885 $2,885K 
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Plastic Tile I\,, ___ erial Costs 

flastii: Til1:lC11111li:r Mati:rial Casts 
Unit Casts 

WBS Item Description Unit Cost Units Quantitv Cost Total 

.0.2.4.1.4 Readout 512 $1.156 $592K 
Base Plate Stainless St $16.00 Kqs 26.4 $422 
PMT Frame In Sch 80 Pioe $10.00 Kgs 4.50 $45 
Lioht Mixer Molded Acrvllc $25.00 Each 23 $575 
Fasteners 112 in $0.50 Each 28 $14 

Freiaht 1 $100 

.0.2.4.3.2 Local Electronics 11541 $50 $571K 
Labor $25.00 Hr 0.5 $13 

Preamc $25.00 Each 1 $25 
Conn./Wlre $12 

Oak Ridge National Laboratory/4-20-92 

• 



Plastic Tile lv. ___ .irial Costs 

flasti!.: IilelC1uuu:c Material C2sts 
Unit C2sts 

WBS Item Descrlotlon Unit Cost Units Quantity Cost Total 
I 

.0.2.4.2.1 Structural Comoonents 
0.1 Cent. Barrel Struct. $376.000 $376K 

Outer Ribs . St. SI. Plate $16.00 Ka 12000 $192.000 
Inner Ribs St. St. Plate $16.00 Ka 4000 $64,000 

Structural Rinas St. St. Plate $16.00 Ka 7500 $120,000 

.2/ .3 End Barrel Structure $168,000 $168K 
Outer Ribs St. St. Plate $16.00 Ka 7000 $112.000 
Inner Ribs St. SI. Plate $16.00 Ka 1500 $24.000 

Structural Rings St. St. Plate $16.00 Kg 2000 $32,000 

.4/.5 End Cap Structure $72.000 $72K 
Face Plate St. St. Plate $16.00 Ka 1500 $24,000 
End Frame St. St. Plate $16.00 Ka 2000 $32.000 

Structural Rinas St. St. Plate $16.00 Ka 1 000 $16.000 

0.6 Assemblv Eauioment $154,000 $154K 
Cent. Barrel Outrinnen Struct. Steel $6.00 Ka 7500 $45,000 
End Cao OneOut Rinner: Struct. Steel $6.00 Ka 5000 $30.000 

E.C. Two Outriaaers Struct. Steel $6.00 Ka 5000 $30.000 
Rollers $2.000 Each 1 2 $24,000 

Assembly Rails Struct. Steel $5.00 Ka 5000 $25,000 

Oak Ridge National Laboratory/4·20·92 
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Plastic Tile Calorimeter 
Cata1:ory Distribution 

Catagory Estimate 

Research & Devel. $3,0llK 

EDIA $9,622K 

Construction $27,527K 

Contingency $11,620K 

Total $51,780K 

) ) ) 

Fraction 

10.9% 

25.1% 

31.6% 



Plastic Tile Calorimeter 

Major Cost Items 

Catagory Estimate 

Module Hardware $11,532K 

Assembly 

Equipment $2,982K 

Labor $3,112K 

Engineering $7,311K 

Electronics $5,275K 

Structure $1,470K 

Installation 

Equipment $1,603K · 

Labor $322K 

Beam Calibration $2,429K 

SubSystem Management $2,264K 

Subtotal $36,739K 

Above Costs Do Not Include Contingency 

4/20/92 

-
Fraction -
31.39% 

8.12% 

8.47% 

-
19.90% 

14.36% -
4.00% 

-4.36% 

0.88% 

6.61% -
6.16% 

-

-
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Pia. Tile Cc. .istlmata 

Plastic Tile Hadron Calorimeter WBS Costs 

En ineerlnn/desinn M&S 
labor Rate Total Material Labor 

YA!S llem m• k$/mv k$ k$ mv 

5.2.2.5. 

Total Sc Fiber Had Calor Cost 69.4 8860.7 2274.3 15.0 

.2.4 .0 fl~~iil# ¢i!4Hfu~i!f c~riiiJt , ... @j•;~ 7~Xl!rn .49~;~. n;tj 

.2.4 . 1 Tower Modules 20.5 2214.0 148.5 3.9 

.2.4 .1 .1 Flber1 0.0 0 0 0 0.0 

.2.4 .1 .2 Plastic Tiles 3.0 108 324 54 0.0 

.2.4 .1 .3 Absorber Module• 3.5 108 378.0 18.9 0.0 

.2.4 .1 .3 Central Barrel 1.0 108 108 5 0.0 

.2.4 .1 .3 End Bartol One 0.5 108 54 3 0.0 

.2.4 .1 .3 End Barrel Two 0.5 108 54 3 0.0 

.2.4 .1 .3 End Cap Ona 1.0 108 108 5 0.0 

.2.4 .1 .3 End Cap Two 0.5 108 54 3 0.0 

.2.4 .1 .4 Readout Assy 3.0 108 324 16 1.0 

.2.4 .1 .5 Assembly 9.0 0 972.0 48.6 2.6 

.2.4 .1 .5 .1 Station one 1.0 108.0 5.4 0.5 

.2.4 .1 .5 .1 .1 Stallon Ona assy 1.0 108 108 5 0.5 

.2.4 .1 .5 .1 • 2 Barrel Module Assam • Stand 

.2.4 .1 .5 .1 .3 Personnel Platform 

.2.4 .1 .5 .2 Station two 1.5 162 8 0.3 

.2.4 .1 .5 .2 .1 Station Two aaay 1.5 108 162 8 0.3 

.2.4 .1 .5 .2 .2 End Barrel Module Ass. Stand 

.2.4 .1 .5 .2 .3 Personnel Platform 

.2.4 .1 .5 .3 Station three 1.5 162 8 0.3 

.2.4 .1 .5 .3 .1 Station Three aaay 1.5 108 162 8 0.3 

.2.4 • 1 .5 .3 .2 End Plun Module Ass. Stand 

.2.4 .1 .5 .4 Station Four 1.0 108 5 0.3 

.2.4 • 1 .5 .4 .1 Station Four assy 1.0 108 108 5 0.3 

.2.4 .1 .5 .4 .2 Barrel Asa. Stand 

.2.4 .1 .5 .5 Station Five 1.5 162 8 0.3 

.2.4 .1 .5 .5 .1 Stallon Five assy 1.5 108 162 8 0.3 

.2.4 .1 .5 • 5 .2 End Barrel Ass . Stand 

.2.4 .1 .5 .6 Station Six 1.0 108 5 0.3 

.2.4 . 1 .5 .6 .1 Station Six assy 1.0 108 108 5 0.3 
Page 1/ ORNL 4-20·92 

) ) ) 

lnsoection/Admin Proc/Fab Assemblv 
Rate Total Material Labor Rate Subtotal Malaria Total 

k$/mv k$ k$ mv k$/m' k$ k$ k$ 

1498.0 24066.8 55.6 3111.6 0.0 3111.6 

J"jj"ij EIOil! · i~~i!~~rn \ ~~)§} ~); 31n;~ :·,:>:·:· o.o 'j1f~ 

310.3 14823.9 46.3 2498.4 0.0 2498.4 

0 0 42 

0 0 539 

0 0.0 10582.9 
0 0 3965 
0 0 2299 
0 0 2299 
0 0 1009 
0 0 1009 

0 0 592 0.0 0 0 0 

0 278.2 2508.0 46.3 2498.4 0.0 2498.4 

53.5 85.0 9.8 528.8 0 528.8 
107 54 9.8 54 529 529 

75 
10 

27 113 14.2 766 0 766 
107 27 14.2 54 766 766 

105 
8 

27 30 11.9 641 0 641 
107 27 11.9 54 641 641 

30 
27 450 0.6 33 0 33 

107 27 0.6 54 33 33 
450 

27 150 1.2 66 0 66 
107 27 1.2 54 66 66 

150 
27 150 0.6 31 0 31 

107 27 0.6 54 31 31 
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.0 .2.4 

.o .2.4 
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.o .2.4 

.0 .2.4 

.o .2.4 

.o .2.4 

.0 .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.0 .2.4 

.0 .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.o .2.4 

.0 .2.4 

.o .2.4 

.o .2.4 

.0 .2.4 

.0 .2.4 

.o .2.4 

.0 .2.4 

.o .2.4 

.1 .5 .6 .2 

.1 .5 .7 

.1 .5 .7 .1 

.1 .5 .7 .2 

.1 .5 .7 .3 

.1 .5 .7 .4 

.1 .5 .7 .5 

.1 .5 .7 .6 

.1 .5 .7 .7 

.1 .5 .7 .a 

.1 .5 .7 .9 

.1 .5 .7 .10 

.1 .5 .7 .11 
• 1 .5 .a 
.1 .5 .a .1 
.1 .5 .a .2 
.1 .5 .a .3 
.1 .5 .a .4 
.1 .5 .a .5 
.1 .5 .a .a 

.1 .6 

.2 

.2 .1 

.2 .2 

.2 .3 

.2 .4 

.2 .5 

.2 .6 
.2 .6 
.2 .6 • 1 
.2 .6 .2 
.2 .8 .3 
.2 .8 .4 
.2 .8 .5 

.3 

.3 .1 

.3 .2 

.3 .2 

.4 

.4 .1 

.4 .2 

• 

End Plua Asa. Stand 
Sneclal Purnose Eciulnment 
Assembly Support Labor 
Tiie Miiiing Machine 
Tiie Finishing Machine 
Barrel Mod. Lifting Fixture 
End Cop Mod. Lifting Fixture 
End Cap Mod. Lifting Fixture 
Dlmenalonal lnep. Fixture 
Fiber Cutting Machine 
Portable Readout Teet Stand 
Temporary Wiring Harn11se1 
On Teat Sources/Counters 
Assemblv enulnment 
General Assembly Equipment 
Cloth Ing 
Cleaning Supplloa 
Tool• 
Temporary Use Item• 
Handling Carts (10-100 T) 

Callbratlon Loops 

System Assembly 

Central Barrel Structure 

End Barrel Ona Structure 

End Barrel Two Structure 

End Cap One Structure 

End Cap Two Structure 

Labor 
Cent Barrel Outriggers 
End Cap One Outriggers 
End Cap Two Outriggers 
Rollers 
Assembly Ralls 

Electronics 
Photomulllpller Tubes 
local Electronlc Readout 
External Electron I cs 

Thermal Control 
Heat Transfer System 
Heat Exchangers 

• 

Pia. Tiie Cc, ..:sllmate 

150 
0.5 54 3 0.6 64 1055 8.0 432 0 432 
0.5 108 54 3 0.6 107 64 8.0 54 432 432 

250 
250 

50 
40 
40 

100 
25 

200 
50 
50 

1.0 .108 5 0.3 27 475 0.0 0 0 0 
1.0 108 108 5 0.3 107 27 0.0 0 0 0 

50 
50 

100 
200 

75 

2.0 108 216 11 0.3 107 32 560 

6.5 702.0 35.1 2.1 224. 7 1080.0 1.0 51.3 51.3 

2.0 108 216 11 0.3 107 32 376 

1.0 108 108 5 0.3 107 32 168 

0.0 108 0 0 0.3 107 32 168 

1.0 108 108 5 0.3 107 32 72 

0.0 108 0 0 0.3 107 32 72 

2.5 270.0 13.5 0.6 64.2 224.0 1.0 51.3 51.3 
2.5 108 270 14 0.6 107 64 0 0.95 54 51 51 

75 
50 
50 
24 
25 

2.5 310 1 6 2.3 246 4703 0.0 0 0 0 
0.5 124 62 3 0.3 107 32 2885 
2.0 124 248 12 2.0 107 214 571 

1246 

3.5 378 1 9 0.6 64 640 0.0 0 0 0 
2.5 108 270 1 4 0.3 107 32 440 
1.0 108 108 5 0.3 107 32 200 
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.5 

.5 .1 

.5 .2 

.5 .3 

.6 

.6 .1 

.7 .2 

.7 .2 .1 

.7 .2 .2 

.7 .2 .3 

.7 .2 .4 

.7 .2 .5 

.7 .2 .6 

.7 

.7 .1 

.7 .2 

.7 .3 

.7 .4 

.7 .5 

, ) 

Beam Test/Callbratlon 4.0 
Test Stands 3.0 124 
Manpower 0.0 0 
Beam Calibration System 1.0 124 

Hadron lnstallallon 7.9 

Manpower 2.5 154 

Equlpmenl 5 
lnalallallon Ralls 2.7 124 
Cenl Barrel Liii Fix 1.2 124 
End Cap Liii Flxlure 0.8 124 
Temporary Bracing 0.3 124 
Crane Rental 0.3 124 
Transport Pusher 0.3 124 

Subsystem Management 14.0 
Pro)ect Management 7.0 154 
Resource Management 3.0 154 
ES&H 1.5 154 
Quallly Assurance 1.5 154 
Syalam lnlograllon 1.0 154 

) ) ) ) 

Pia. Tile Cc.. .:stimate 

496.0 24.8 0.9 96.3 1250.0 8.4 562 0 562 
372 19 0.3 107 32 500 

0 0 0.3 107 32 8.4 67 562 562 
124 6 0.3 107 32 750 

1054.6 52.7 5.2 556.4 1570.0 0.0 0.0 0.0 

385 19 2.0 107 214 

670 33 3 342 1570 
335 17 1.0 107 107 900 
149 7 1.0 107 107 200 
93 5 0.5 107 54 100 
31 2 0.5 107 54 20 
31 2 0.1 107 11 250 
31 2 0.1 107 11 100 

2156.0 107.8 
1078 54 
462 23 
231 12 
231 12 
154 8 
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Pia. Tile CL ~stimate 

PlasRic Tile Hadron Calorimeter WBS Costs 

lnstallation/Assembl\j Totals 
Labor Rate Subtotal Materla Total Labor Material Subtotal Continn. Total 

mv $/m kS kS k$ k$ kS k$ k$ k$ 

6.4 322.5 o.o 322.5 13792.8 26341.2 40134.0 11583.5 51717.4 

>(~ t /~iii~. jl!ij Ml~~;~ wn•~;;; {24iiiif2 l~tn:* l~~i~;~ n~11;4 

6.4 322.5 0.0 322.5 5022.7 14972.4 19995.1 5644.8 25639.9 

0 42 42 4 46 

324 593 917 83 999 

378.0 10601.8 10979.8 2964.6 13944.4 
108 3971 4079 1101 5180 

54 2302 2356 636 2992 
54 2302 2356 636 2992 

108 1015 1123 303 1426 
54 1012 1066 288 1354 

324 608 932 0 932 

3748.6 2556.6 6305.2 2159.9 8465.2 

690.3 90.4 780.7 252.4 1033.1 
690 5 696 223 918 

0 75 75 26 101 
0 10 10 4 14 

955 121 1076 341 1417 
955 8 963 308 1271 

0 105 105 30 135 
0 8 8 2 10 

830 38 868 277 1145 
830 8 838 268 1106 

0 30 30 9 39 
168 455 623 231 854 
168 5 173 55 228 

0 450 450 176 626 
255 158 413 143 555 
255 8 263 84 347 

0 150 150 59 209 
166 155 322 113 435 
166 5 172 55 226 
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Pia. Tile CL .::stlmate 

0 150 150 59 209 
550 1058 1608 583 2191 
550 3 553 171 724 

0 250 250 98 348 
0 250 250 98 348 
0 50 50 20 70 
0 40 40 16 56 
0 40 40 16 56 
0 100 100 39 139 
0 25 25 10 35 
0 200 200 78 278 
0 50 50 20 70 
0 50 50 20 70 

135 480 615 220 835 
135 5 140 50 191 

0 50 50 15 65 
0 50 50 15 65 
0 100 100 37 137 
0 200 200 76 276 
0 75 75 28 103 

248 571 819 434 1253 

978.0 1115.1 2093.1 731.1 2824.2 

248 387 635 235 870 

140 173 314 116 429 

32 168 200 74 274 

140 77 218 80 298 

32 72 104 49 153 

385.5 237.5 623.0 176.7 799.7 
386 14 399 124 523 

0 75 75 19 94 
0 50 50 12 62 
0 50 50 12 62 
0 24 24 6 30 
0 25 25 6 31 

556 4718 5275 1394 6669 
94 2888 2982 656 3639 

462 584 1046 376 1422 
0 1246 1246 361 1606 

442 659 1101 352 1453 
302 454 756 242 997 
140 205 346 111 456 
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Pia. Tiie Ct. Cstlmate 

1154.2 1274.8 2429.0 658.4 3087.4 
404 519 923 231 1153 
594 0 594 172 766 
156 756 912 255 1168 

6.4 322.5 322.5 1933.5 1622. 7 3556.2 969.6 4525.8 

6.4 50 322 322 921 19 941 263 1204 

0 0 0 0 1012 1603 2615 706 3322 
442 917 1359 367 1725 
256 207 463 125 588 
147 105 251 68 319 

85 22 106 29 135 
42 252 293 79 372 
42 102 143 39 182 

0.0 0 0 0 2156.0 107.8 2263.8 809.3 3073.1 
1078 54 1132 407 1539 

462 23 485 175 660 
231 12 243 85 327 
231 12 243 82 325 
154 8 162 60 222 
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Pia. Tllo c. Cs ti mate 

I I I 

fijjfi{\j ·IJ'j•ti9 ·t···~·111f!~ Oli~M~ :i;tqna ··. 

237 353 590 201 791 
158 130 288 98 386 

79 223 302 103 405 

316 664 980 333 1313 
79 102 181 62 243 

158 456 614 209 823 
40 68 108 37 144 
40 38 78 26 104 

295 674 969 330 1299 
79 250 329 112 441 
79 139 218 74 292 
79 99 178 61 239 
40 54 94 32 125 
19 132 151 51 202 

316 156 472 160 632 
158 50 208 71 279 
158 106 264 90 354 

...... . ···' . ::•,:::· - : . "!'.I .·· . ·· .. · .. ·.··.·. " 
87 9 96 0 96 

31 4 35 0 35 
41 4 45 0 45 
15 16 0 16 

299 1 5 314 0 314 
124 6 130 0 130 

41 2 43 0 43 
62 3 65 0 65 
31 2 33 0 33 
41 2 43 0 43 
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/A _____ '"_1A_N_.l_"F_A~-~l~':._~'~c; sc1EscEs CORPOUA 1_u_'J,_·" __ 

Dr. Howard Gordon 
Physicist, GEM Collaboration 
Brookhaven National Laboratory 

FAX 516·282-5568 

Subject : Availability of DOE Scrap Copper for Use with GEM 

Deer Howard : 

I have been trying to track the subject matter recently and the purpose of this letter is to 
share my findings to date. 

J include with this FAX letter 2 pages from a DOE memorandum that reports that 45% of 
23, 100 metric tons of radioactively contaminated scrap metal at the DOE Fernald site is 
copper_ This is apparently bad data. According to Dan Bums of Westinghouse. the 
current Femald Contractor, there are only 1350 tons of scrap copper there. It comes 
from electric motors used in the gaseous diffusion process and much of it is still wrapped 
in insulation. He is willing to discuss the availability of this material for an SSC application 
( 513-738-8439). 

1 am also including 3 pages from a report that describes how 112 metric tons of this 
scrap was shred, air-classified to remove the insulation, vacuum induction melted with 
1% glass flux, and cast into 500 lb ingots in an effort to reduce the radioactive 
contamination level. My copy of these pages Is hard · to read so yours may be 
impossible. The conclusion was that they were able to reduce the LI content to < 2 ppm 
and the technicium content to < 20 ppb. Since there is no current standard for 
unrestricted release of bulk-contaminated metals, even this low contamination level does . 
not allow release of the metal for commercial purposes. However it could be used in a 
DOE controlled application such as the SSC should you choose to do so. 

I am dissappointed to have mislead you and have been mislead by the earlier report 
about the quantity of this scrap metal at Femald. I am trying to reach my source within 
DOE to see if there is such an amount in some other inventory. I will keep you posted. 
Hans Cohn of ORNL contacted me about the possible use of this source of copper in the 
e/m section of the GEM detector. I am sending him a copy of this letter too. 

Very Truly Yours, 

,<7.u&-~ 
Dennis A. Floyd 
Executive·c\Aiee.9-nesicieRt1a1.HL,•I ... ~'"'·'< F.j C"T{ Rl"I a C'URflfJR.~ T/tJ ... ,( !H Clf(J.\.~'Of\ f'\ Tl•r.P~I~,. 
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Site 

TABLE 1 
RADIOACTIVE SCRAP METAL YOU/PIES AT SELECTED DOE 

SITE OPE!I STORA&E YARDS 

Scrap Metal 
ln Storage 

!Tons\ 

Annual 1 

Generation 
Rate Ctons/yrl 

Oak Ridge, TN, K-25 45,000 200 

Oak Ridge, TN, Y-12 3,500 800 

Oak Ridge, TN, X·lO 500 

Portsmouth, OH 24,600 200 

Paducah. KY 32,400 200 

Fernald, OH 23, 100 

... 

3 

-
-

-

-7.'1'1·· ""''"' TOTAL 129, 1002 1,400 

-
Sources: Jugan, 1991; and Swindle, 1991. 

-

1The annual generation rate has been highly variable in the past. 
Hence, these figures do not represent average current generation rate. 

2Detailed information on RSM volumes at the Nevada Test Site (NTS} • 
could not be obtained at this time. Further investigation· will be conducted 
on the RSM volumes and composition at the HTS in future. 

-
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Ml'IF: 30 '9Z 0~: :s<IF'M Mf"G. 5C!O'ICE5 CORF'. •61~4613142 P.2 

Ull!-SA-Z04 

~&1""": : f ;:'!e :~s~acd I •. ;p,.:rver.••n ;/":• 1C:.1Qe u?;r 1oe .11:-o;:-cr..s \ ::?1Ci.U') ..;.'°ar4-: 1.;~s 
ru .. l':•c In :11<. rci.1c11&l :if 1.il";;:> ~um•t:1es of .:a'ta11 tc c~.1ponar.'t~. -:-:,.a:> 
c=-.1;:cnen~~ .... ,.., con"i:.zr.:tnA"Ctc "'~':n ur&nft.U.1 4.'1d. 11er-1 :r.iall a.noun'ta ~f ri~at.:an 

~rcau<:";s ;.11"rle'2 0 ... ,. 'r;)Q1 tr.a r.uc:l••,. .... c:<:~r ru~l r•pl"::cess1~g :;rel" 
·&<.~;ic:ia•ll<: •ltn .. ,..>n!u:i feec: 1.:a;e,.la\ rco11ary. In 197'1 ":ha .·1a:1onal :..aac 
Ceo.1pan) ;if 011 io •&S a•4t'dtd I contract to det:10nstrate the fe•stbil tty of 
rec:o••rlni •• ,.1rtoa :o??•r fl"Qa :ne ::?IC'..P scr~ copper.. T•o nunarec for:y
;even ;11ou~and pounlis of tnsu lat ea scrap copper val 1<Sel1 for t.~• oa;unstrAt ten. 
rne eCJec:th• of ,,,~ Je;.oenuruien ~·~ to proaua copper Ingots •U::: • t:au.1 
.r;~l~-1 content of \ass ·:111n 17 .s ~;tJ and a technetium conten-: of lass ~:,~n 

5JJO ?~:l. T"e :ar;ee i?•ctftcatlons re,. tne f1nl~nao copper are sn~Jr. tn 
h: le 4, 

TAaL£4 

TARGET SPECIJllCATIOr~s 

INrn Value - -
Cu ff.? Mlfl.#/O 

Tc 1.000 ·Mu. pillt - O.aoo~'/. 

u 17.1 Maa.""" v- .--% o.o 0 \1>. 0 

0 IOO ........... 0 O . .;<..% 

• 100 ,.... """ \;: 0.01% 

M ZI ... ,,,.. p.,,,. -t ().00~% !" n ..... .- ? .. 400 ...._,.,... Fe. V• 0 '1-/'o 
M 200 ........... rl i o.o 21.. o. i. 7.. 
Cl 100 ,.... """ Cr 0.,0\% ... 100 ........... 11~ 0.011.: 
Al 100 ..... _.. AL O.ol% .. 100 ..... """ ll i ~ • .:>\ "L 
c zoo ......... c. o.o'Z..%' 

5 
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M'$C D•n~.~•r 

p -, 

UNI-SA-Z04 

T:ie Cil"/ClJJ' ic:r.ap c:op?er· .. as n•nd fea 1n·to a ffled enute -:o • ~yara1111c:: 

-shra&Qar; :;1en c-;,nve1~a ':O " •ranulator con~ai~ir,i .I l./2•~rH:~ mash screen ... 

F· ... • ..... 

• 

fr;::. ::10 ;r.inuri:~r, -:ne 1r.a~111r1a1 wa3 e=nv•yed ::o an air eiass1 fytng wnf:. T.1e 
:l .;;a111c cc:pp:er ·•&s a hcna r~ea u one dr=ii 11:; sh t f on &nd :.,! i~~.1 ~-:Li;; 

r.14 :ar1a;li 1.i; 1.no:ne~ st&:kn, 'l'he eni;1re sy!tan. 1:111:.;r • ~!J!ia"!1~e ?!"essura, 
dlsct..ar;ac: 1n-:o & ltan<:.lrd a .. n c:ol 1ec::or, Tha cleanec! copper .. as p1.ck.Aiec to 
~rov1da aoo11t S~~ ;o SS~ poundli per c:nerge 1:.o a grapnt•a c:r~c:161a. Tne d!ar;aa 
c:n.¢tb1e ••s placed tnto tile remelt furnace. ?ulvar1zaa ~lass ~•s •'cad as a 

· flw;<. Tr.a •cr&P :c:iper .. as heuea tc:i '°out 2S·J'J F 11.naer vac~u.:i and the :iel• 
ca~-: !n~c: l grapnite mold. 

Ori:;!nallt ten ~ounas of ala"s ot&S added AS a dec:cnt:.:.:.i1::a-::lon nux to aac:~· s::i 
,71.:>und!. of :cp-•r sc.~&p. /..$::-.a proce~3 ?ro.;res~ac. ~t ~a.:a.ae "vf~en: :;:1.it -::1e 
""'o""''" of 11\us c:o ... lc: b• reduc:'ec. s ... osequen-; cnar;ies c:on;a1nec: only f1ve 
•ou!"lc~ of ~l~s~ for flux anc finally onl~ three pounas. 

T~g ~rantUl:I contsnt was de~erm1nea for a nu:iber of slag semples. Tne uran•um 
c::::n-::a11~ ran;ea from 30 to 200·"; ppr:i. Thfs wiae range ;,45 ei<pec:ad since tne 
~oun-; of c:on-::~tnatlon =n tne scr&~ copper var1ec as rec:~tvae for ;ne 
aOA~ns:ra:, f o:i. 

;, :o;al cf ,ga ini;o;s "•~• ;raauc:ec: as tne ?roauc:t gf t!"le :11r.tt;n~t:-a:ion t&st. 

rne ;ost per pcu11c of cop~r to prQQuce tn• tnSQtS was iO.~~ c1sa1 ~ollarsl. 

:, .. as as-:1;,1&,e<1 ':!"l.t'I: a proauc:t1on C11111pa1sn woulc: proauc:a 1ngo•.o '' a c:o.n of 
·~o~t so.1a (lgs1 dcllarsl par pound. 

Tno c:n .. istr/ of tne flr.f•nea 498 1ngots 1s ~nown tn Taole s. 
'.lverall. -c.-.e qua! fty of th• c:cpper ingcts ;ireduc:ec ~ur1ng tr.ls d11,10nstra-:1011 
01as ellu•1 to or axc:aeo•d copper produc:1Q c:cr.imerc::ially, The very sinoo-;n surface 
~uality of Cl"I• tngots Is generally nat founc In c:c:i:r.or::1&11y•procueae tn~~s. 
~na elec::tr;e~T :ona .. c:tlvfty af tn• CDP~•r ts presaniea provided ~t.• alllcon 
lavel is lOll (silicon Is fr= residual 1nsaolattn; .:1&nriall. It is :onc:h,..;ac: 
~!"lat 1 ~l~n-q11&lfty copper r.llt&I was produ~c as pan: of tha oemc"strat1on ~ 

c:.ampalgn. In hc:-t. in• Ur&ft1"9 c:onttnt of 90:; of till oemonst:rnloft tngcits Is 
oelow ~•t f" c;op?•r presently usea tft inaus~ry. 

• 

loll.. iii-~~ ~o,.)cv /; S-o <> fL C.~ 
l.. 
"l lL 

~~~ fo.i-g '<ii J.I{..,._. ~ f0.78 (tt J.ff,.,.,_J(,L'? C.,,_. 

tl11.T°L LEA.ti C.::> oE oltto ·~ 147'! 

111.. 1 .. "' ~ ;_.. t, 't 'l-3 ;~ ._J-~ { e,1. el .v ~'!lo£) 

c:-...~ ;, ,,+ ?(;.. i..-a c~ ~t-. 

-

-
... 

... 

-

-

-
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..... ... .. o • 
~ 9NCVM.U! lllGCT VALUS •'!!!!!J I~ - ... , ........ ....... ••• .... . 

... 7•H79 "' , .. , ........ , • u 
:.:~~- f ... ....... _ . --- - ... 

v - ,, ...... ':~ --· ... U.7 

' ·w IZ.O 
z " t4 I , 17 ••• • II z.• • a • •• • I o.z 
I I o.z 
•• , 0.2 
Z7 , D.J ,. 

' e.z 

0 - ----· ,_ ....... 
ZN .... . ,., .. '" ... -·· • ••• 

£; - , ..... -. 
__ .. 

llll n.• 
''"" 111 U.• ·-·" •a Z.I -- t t.a 

~' ..j.. ~: -·- --- ----·- - •oo .. , .. _____ ....... , .... 
? ·-- ___ ,. ... . .. 

10-lt .,, 14.7 
» 1 o.z 

Fe. - ---- --- - ..... 
•••• .., .... ...... •• 10 -- • o.a - , u 

rii - ----· --· .. .,,_. .... 111 a..• ·- •• u _ .. 
I ... 

c ... .. , ... .-. --· - W.7 .... 11 z.• -·· • ... 
I.At , ..... ..._. --· .. , ... .... ZI ... - -·· ,. ... 
AL 1•~-. --· ., ,.,,, .... .. • ••• ,, .• • o.a -· I ... 
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7.0 

Alternative Configurations 



) ) 

3350 

G.03.T.OBJ 

) ) ) 

Support Membrane 
Readuut Segment 

Readout and Electronics 

1:----------;;;;.-----------
GEM Detector 

Plastic Tile/Copper 
Hadron Calorimeter 

BaFi/Liquid Argon EM Calorimeter 

Cableway 

) ) ) 

---

Rennich 



Calorimeter Support 

Readout and Electronics 

3450 

1500 

-----------'--~--t-=-=-c-----------r---------- - ------------------------

G.03.T.023 

• 

i.----- 1500 ----""1 
14-------------'------~5400------------------""1 

GEM Detector 
Plastic Tile/Copper 

Hadron Calorimeter 
W/LKr EM Calorimeter 

4 

Rennich 

f 



) ) 

3390 

1510 

G.03.T.022 

) 

( NOT TO SCALE ) 

Accordion 

Tracker 

---------

) ) 

Readout and Electronics 

---

Cold Traps 

Barrel Utilities Routed 
Thro Channels in Gap 

Feedthru 

1...----1700 ----~ 
l.-~~~~~~~~~~~~5200~~~~~~~~~~~~~~ 

GEM Detector I Option IHA I . 
Plastic Tile/Copper . Renmch 
Hadron Calorimeter 

W/LAr EM Calorimeter 

) 



... 

.c: 

.~ -= = .. 
"' 

-

-

-

-

-
-
-



) 

3450 

1500 

l 

G.03.T.018 

) ) ) 

--
1500---~ 

) ) ) 

Readout and Electronics 

Feedthru (TBD) 

) , 

Feedthru (TBD) 

:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 
•'•'•'•'•'•'•'•'•'•'•"•'•'•'•'•'•'•'• 'I I IO I I I I IO It IO I I I I I I I" 0 0 I I I I 0 I I I I 0 I 

•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'• 
_l_J.J.,LJ,A,~~~~~~~~~~·~·~·i·~·~'l' •'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'• 

;:., .. ': .. ·.::'.';:}f/:·t:Y/:\\/:}:)~/F)?P~~~~fa~\~% iii iii iii iii iii iii iii iii iii iii iii iii i 

l+----------------5400----------------.i 

GEM Detector 
Plastic Tile/Copper 

Hadron Barrel Calorimeter, 
LAr EM - Hadron End Cap and 

LKr EM Barrel Calorimeter Rennich 


