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Scintillating Calorimeter Option Description 

Overyiew 

The GEM Baseline 1 utilizes primarily the liquid argon (EM and hadron) 

calorimeter options. This choice was made in pan due to the need for more extensive 

engineering development associated with the liquid argon system. The second proposed 

GEM calorimeter system consists of a BaF2 crystal total absorption EM calorimeter and a 

scintillating fiber/copper sampling hadron calorimeter. The final choice of GEM 

technologies for both EM and hadron calorimeters will be made in August or early 

September, 1992. In this section the Baseline 1 parameters of the scintillating calorimeter 

options are described. 

The choice of scintillating options is driven by the stated goal of GEM to 

implement a calorimeter system with the best possible EM resolution. Such resolution 

can be achieved with BaF2 crystals. However, issues of radiation hardness have 

prevented an early decision in favor of this option. It is anticipated that sufficient progress 

will have been made by the end of the summer that an informed decision can be made at 

that time. 

The primary factors favoring the choice of a BaF2 EM calorimeter are the reduced 

time factor required for the discovery of a "standard" Higgs boson via its gamma-gamma 

decay, the need for high resolution required for the possible discovery of a SUSY Higgs, 

the inherent speed of the fast component of scintillation in BaF2 (2 ns) and hermeticity in 

a projective geometry. 

The most important factors favoring the choice of a scintillating fiber hadron 

calorimeter arc high speed, compactness, hermeticity and projective geometry, and 

"tunable" compensation. Relative cost may also be an imponant factor influencing the 

choice. A comparison of the factors in favor of the scintillating fiber option with those in 

favor of a BaF2 EM calorimeter indicates an excellent match between the two 

technologies. However, the scintillating fiber hadron calorimeter is currently also under 

consideration in a hybrid design. 



Both the BaF2 EM and the scintillating fiber hadron calorimeters are divided into 

three cylindrical sections consisting of a barrel and two endcaps. The weights of the BaF2 

barrel and of each BaF2 endcap are 43.96 and 6.61 metric tons respectively. The weight 

of the entire scintillating fiber calorimeter is 1383 metric tons. 

The forward calorimeter in the Baseline 1 scintillator option consists of a liquid 

scintillator/tungsten sampling calorimeter. Other options (e.g. quartz fibers, high pressure 

gas etc) are under consideration. Major issues for the selection of forward calorimeter 

technology are radiation hardness and price. 
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Phvsjcs Performance 

The physics goals and the unique physics capabilities of the Baseline 1 scintillator 

calorimeter are summarized in sections 2.1 - 2.3. The primary factors in designing a 

calorimeter with excellent resolution for the measurement of gammas are the stringent 

requirements imposed by the possible discovery of the Higgs boson in the mass range 

between 80 andl80 GeV via its gamma-gamma decay. The discovery potential has been 

shown to be directly related to the reconstructed gamma-gamma resolution and to 

background rejection characteristics. In addition to this specific design goal, precision 

measurements of isolated photons and electrons are needed if searches for narrow 

resonances via the reconstruction of the invariant mass of multi-photons or electrons arc 

to be successful. The ability of GEM to distinguish between possible SUSY-theory Higgs 

particles also relies on high-resolution measurements. 

Demands on the physics performance of the hadron calorimeter arc less severe 

than those imposed on the EM calorimeter. The scintillating fiber technology is easily 

capable of meeting GEM requirements for electron and photon identification via a hadron 

veto, of muon energy loss measurements in the calorimeter, and, together with the EM 

and forward systems, of adequate jet and missing energy measurements. Hermeticity due 

to the absence of an intervening structure is an important advantage of this technology. 

The high speed of scintillators makes this option suitable for operation at high 

luminosities ( 10*"'34) and resistance to radiation damage in the proposed eta range is 

expected to be adequate even at the highest anticipated SSC luminosities. 



Electromagnetic Calorimeter 

• 
The BaF2 electromagnetic calorimeter is expected to combine excellent energy 

resolution, (2.0/sqn(E) + 0.5)%, with high speed (16 ns gate width), good position 

resolution (dx and dy approx. 1 mm for EM showers), and very good e/pi, gamma/jet and 

e/jet separation characteristics (about 10**-4). It will cover a pseudorapidiry range from 

-3 to +3. 

The calorimeter will consist of 15,584 crystals each made up of two 250 mm-long 

crystals glued together to form crystals of 500 mm total length (24.5 Xo). Each crystal 

will be read out by a single photopentode. The granularity in both the eta and in the phi 

direction is 0.04, corresponding to tapered crystals with sizes ranging from 31.4 x 31.4 

mm (front face)- 51 x 51 mm (rear face) at eta= 0 to 20.3 x 22.0 - 29.4 x 27.2 mm at eta 

= 2.5. The Baseline 1 structure consists of a carbon composite based on the CERN L3 

design, with a wall thickness of 0.3 mm. The option of a welded thin titanium structure is 

under study. 

The critical issue in deciding in favor of a BaF2 EM calorimeter is radiation 

hardness. Much R&D effort in recent months has been devoted to the study of causes of 

radiation damage in BaF2 and to the production of radiation hard full-size crystals in 

China. Experimental results indicate that radiation effects saturate at high radiation doses. 

The level at which saturation takes place is being improved during the course of the 

development of radiation hard crystals. The strategy is to make use of saturated crystals 

that do not undergo self-annealing at room temperature. The ultimate goal is the routine 

manufacture of crystals which, after exposure to radiation of 1 Mrad have an absorption 

length of 95 cm at a wavelength of 220 nm. It is unlikely that this goal will be achieved 

by the time the GEM choice of EM calorimetry has to be made. However, absorption 

lengths of about 60 cm may be achievable by late summer. R&D progress in the areas of 

manufacture, surface preparation and surface coating has also been satisfactory. 

Calibration issues have been addressed via the development of UV flash lamp 

monitoring, and by means of studies of in situ calibration options including the use of 

electrons generated by an RFQ (as in the L3 experiment), of minimum ionizing particles 

and of the decay of known particles (e.g. upsilons and ZO's) 
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Hadron Ca!orjmeter 

The advantages of a scintillating fibre hadron calorimeter are inherent speed 

(allowing a 32 ns gate width), compactness (a total of 12 lambda at eta= 0 can be 

accommodated in the same physical space as 11 lambda in the liquid argon option), 

adjustable compensation via the selection of an appropriate fiber/absorber ratio, 

hermeticity, simplicity of construction, and lower cost than the corresponding liquid 

argon device. While not ideally suited to longitudinal segmentation, the proposed fiber 

calorimeter will, nevenheless, have two longitudinal segments. This will be achieved by 

means of an independent readout of 10% of the fibers located in a 2-lambda thick 

tailcatcher. The expected resolutions are (90%/sqn(E) + 1.0)% for hadrons, (75%/sqn(E) 

+ 1.0)% for jets, and (30%/sqn(E))% for hadrons propagating via electromagnetic 

showers. The entire EM plus hadron calorimeter will consist of 12 lambda at eta= 0, 

rising to 14 lambda at eta= 3.0. 

Lateral segmentation of the scintillating fiber calorimeter is determined by the 

size of hadronic showers and by the need to match the segmentation of the BaF2 EM 

calorimeter. A segmentation of 0.08 in both eta and phi has been selected. This results in 

a total of 3992 "physics" towers, corresponding to 998 mechanical towers ( 4 physics 

towers per mechanical tower). The total number of channels is 4990, corresponding to 

individual readout for each physics tower, plus one common tailcatcher readout for each 

physical tower. The sensing material consists of 1.5 mm diameter scintillating fibers, 

occupying 3% of available space. (Copper accounts for 93% of space with the rest, 4%, 

taken up by gaps.) The effective e/h ratio of the Cu/scintillating fiber hadronic section is 

expected to be 1.0 ( +0.1, - 0.05). 

The choice of copper absorber was driven primarily by the requirements of the 

muon system located behind the calorimeter. However, a benefit resulting from the use of 

a structural material such as copper (in contrast to lead) is ease of construction and 

assembly. (Note that the proposed use of copper absorber material constitutes a depanure 

from the lead absorber proposed in the GEM letter of intent). It is proposed that the 

towers be constructed from copper sheets into which grooves for the scintillating fibers 

have been machined. The copper sheets will then be bonded and aimmed prior to fiber 

installation. This fabrication lends itself easily to manufacrure outside of the United 

States, and possible cost-effective scenarios for such manufacture have been developed. 



Forward Calorimeter 

The forward calorimeter, covering the region from eta = 3 to eta = 5, has been 

designed for installation in a location as close to the interaction region as possible. Due in 

part to funding constraints, the forward calorimeter system is not as well developed as the 

main electromagnetic and hadronic scintillator calorimeters. The present design calls for 

tungsten absorber material (to maximize transverse containment of hadronic showers) and 

for liquid scintillating readout material located in stainless steel tubes. The transverse eta 

and phi segmentation varies from 0.25 x 0.2 at eta= 3 to 0.6 x 0.4 at eta= 5. Design 

changes as well as entirely different options are under consideration. These include the 

replacement of the stainless steel tubes with quartz tubes and the use of technologies such 

as quartz fibers and high pressure gases. A choice of a technology different from that of 

Baseline 1 would very probably not change the general physical characteristics or the 

expected performance of the forward system. 
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Technical Description 

2 .1 General Arrangement Drawings 

2. 2 Parameters 
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Scintillating Fiber Calorimeter Parameters 

Performance Characteristics 

Time resolution 

Speed (gate width) 

Noise 

Hermeticicy (Et Measured) 

EM energy resolution 

Resolution 

Expected e I h 

Hadron energy resolution (Hadrons) 

Hadron energy resolution (Jets) 

Hadron energy resolution (Electromagnetic) 

Hadron dynamic range 

Forward energy resolution 

Number of absorption lengths 

at eta= 0 

at eta= 3.0 

• 

Compactness 

1 beam crossing 

32 ns 

3 MeV /tower 

O<eta< 5 

(2.0/sqn(E) + 0.5) % EM position 

dx and dy approximately l = 
l.O (+0.l -0.05) 

(90 I sqn(E) + 1.0) % 

(75 I sqn(E) + l.0)% 

(30 I sqn(E)) o/o 

!CY'S© 50 MeV to 5 TeV 

(50 I sqn(E) + 2) o/o 

12.0 

14.0 

inner radius l.40 m 

outer radius 3.40 m 

Total distance between absorber and muon system 0.55 m 

Thickness of readout assembly 0.35 m 

Total distance between structure and muon system 0.20 m 



Phvsical Parameters 

Scjnti!lating Fiber and Brass Hadron Calorimeter 

Lateral segmentation (eta,phi) 

Longitudinal segmentation 

Dimensions 

EMOearance 

Inner Radius 

Outer Radius 

Length 

Sense Material: 1.5 mm Dia. Fibers 

Absorber: copper 

Gaps 

Unit Radiation length of active absorber 

Unit Absorption length of active absorber 

Absorption Thicknesses 

Hadronic @ eta=O.O 

Total with BaF2@ eta=O.O 

Hadronic@ eta=3.0 

Total with BaF2@ eta=3.0 

Hadronic Tail Catcher 

Depth 

Sampling 

Physics Towers 

0.08 x 0.08 

2 

10 mm 
1410 mm 

3400 mm 
9800 mm 

3% 

94% 

3% 

15.l mm 
164.5 mm 

10.3 Lambda 

12.0 Lambda 

12.3 Lambda 

14.0 Lambda 

2.0 Lambda 

10% of Fibers 

3744 Each 

-
... 

.. 

-
-

-
... 



Mechanical Towers (4 physics towers each) 936 Each 

Readout 

Channels 4680 Each 

Light yield >40 pe/GeV 

Noise <3 MeV /tower -
Total Weight 1683 Metric Tons 

Absorber 1546 Metric Tons 

Structural Componencs-S t St 137 Metric Tons 

Component Quantities 

Photomultipliers 4680 Each 

Length of Fiber 4,355,000 Meters 

Number of Fibers 2,791,000 Each 

Length of Copper Tubes 3,350,000 Meters 

Assemblies 3 Each - Barrel Weight 1054 Metric Tons 

End Cap Weight (each) 314 Metric Tons 

Absorber Volume 228 M"3 

-

-



3.0 

Design Calculations 

3.1 Hadron Parameter Calculations 

3. 2 Structural Analysis 
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Aftliv~ Iblftka~:i:i Qf AbSQCbers 
Design: Scintillating Fiber 
Absorber: Brass Sheet/Copper Tubes 

Material Densltv Rad Lah Int Lenah Percent Metal RL Act RL Metal IL Actual IL 
a/cm"3 a/cm"2 a/cm"2 % Vol cm/Xo cm/Xo cm/L cm/L 

Ahcnrhor r lllnn 
Conner Tubes 8.98 12.86 134.9 9.99% 1.43 14.34 15.02 150.45 
Conner 8.98 12.86 134.9 65.57% 1.43 2.18 15.02 22.91 
Zinc 7 .14 12.70 136.0 16.92% 1 .78 10.51 19.05 112.57 
Lead 11.35 6.37 194.0 2.12% 0.56 26.54 17.09 808.14 

S1>n•u• Material r.nmnnc::ltl n 
Plastic 1.03 43.80 83.7 3.00% 42.44 1414.73 81.10 2703 

Totals 8.26 1.51 16.45 
0.0608 

tlildCl!D Mil!s!l-1.111: 

Material Absorber Total Dia Area 
Conner Tubes 10.0% 9.99% Fiber Dia 0.15 cm 0.018 
Brass Sheet 84.6% Tube ID 0.16 cm 0.020 
Cooner 77.5% 65.57% Tube OD 0.317 cm 0.079 
Zinc 20.0% 16.92% 
Lead 2.5% 2.12% Tube/Fiber Ratios 3.328 
Absorber 94.6% Fiber/Gap Ratio 7.258 

Gaps 2.4% 
Fiber 3.0% 

100.0% 

Oak Ridge Nalional Laboratory/6·3·92 
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S1<intill51ting Fig~r H51gr2n QalQrim~ter 

P51r11m~t~rli WQrklihe§!t 
Input Parameters 
Inside Brass Rad. 1425 mm 
IP to End Cap Brass 2450 mm 
Unit Thickne1s 164.5 mm/Lambda 
Material Density 

Plate Density 8.26 gt cc 
Tube Density 8.98 g/cc 
Fiber Density 1.03 g/cc 

Fiber Diameter 1.5 mm 
Tube ID 1.6 mm 
Tube OD 3.00 mm 
Tube Area 0.05 cmA2 
Layer Thickness 8.00 mm 
Fiber Spacing 8.00 mm 
Fiber Vol Fraction 3.00% 

Cu Tube Fraction 9.99% 
Plate Fraction 84.60% 

Gap betwn Towers 1.00 mm 

Absorption Lengths 
BaF2 1.70 Lambda 
Inner Ribs 0.10 Lambda 

-

page1 ORNL 7-15-92 
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cgmpyted parameters for Complete Fjber Ca!orjmeter 

Total 
Number of Mech.Theta Ro" • 28 Each 

Number of Mech. Towe 936 Each -
Absorber Volum t 228. 70 MA3 

I Fiber Lenah 4,355.022 M 
Cu Tube Lenat 3.350.017 M 
Cu Tube Volum 95296.50 Mt 

Number of Plate 51. 709 each .. 
I Plate Weicih 1380.92 Mt 

Number of Fiber 2. 791 ,530 each 
I Total Weiah 1657 .54 MT 

.. 

.. 

-

-

-

-

-
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Cgmgl.d1si e1mm111c1 tgc Ead C:iP 
One Sida 

Total Tower 
Number of Mech. Row , 7 Each Averaae 

Number of Mech. Towers 188 Each 1 
Absorber Volum • 52.59 MA3 279 749 cc 

Fiber Lenah 814.565 M 4,333 M 
Cu Tube Lenat 626,588 M 3,333 M 
Cu Tube Weiah 28.46 Mt 151.38 Ka 

Number of Plate 9,661 each 51 each 
Plate Weich 258 Mt 1373.88 Ka 

Number of Fiberl 477,165 each 2,538 each 
Structur• 12.63 MT 

Total Weich 301.80 MT 1605.31 Ko 

Computed parameters for Eod Cap-One Modi 

Total 
Number of Module 24 Each 

Number of Mech. Tower 16 Each 
Absorber Volum t 4.38 MA3 

Fiber Lench 67,880 M 
Cu Tube Lengt 52,216 M 

Cu Tube Weich 2.37 Mt 
Number of Plate1 805 each 

Plata Weigh 21.52 Mt - Number of Fiber 39. 764 each 
Total Weich 25.15 MT 

-
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COMPLETE BARREL 
Total Tower 

Number of Mech. Theta Rowis 1 4 Each Averaae 
Number al Mech. Towers 560 Each 1 .. 

Absorber Volum~ 123.51 MA3 220,561 cc 
Fiber Lengh 2,725.893 M 4,868 M 

Cu Tube Lengt 2,096,840 M 3,744 M 
Cu Tube Welah 95,240 Ka 170 Ka 

Number of Plate 32,387 each SB each ... 
Plate Weiah 864.35 Mt 1 ,543 Ka 

Number of Fiber 1 ,837,201 each 3,281 each 
Absorber Weiot ~ 967 .35 MT 1 ,727 Ka 
Structure Weigl~ 86.59 MT Kg 

Total Weiah 1053.94 MT 1 .882 Ko -
Compyted Parameters gne E!auel Mgdule -

Number of Mech. Tower, 7 Each 
Absorber Volum 1.54 MA3 

Fiber Lench 34.074 M 
Cu Tube Lenot 26.211 M 
Cu Tube Weich 1190.49 Mt -

Number of Plate• 405 each 
Plate Weigh 10.80 Mt 

Number of Fiber, 22,965 each 
Absorber Weint 13. 17 MT -

-

-

-
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- Barrel Row Number , 2 3 4 5 

Total Thick {W/BaF2) Lambda , 2.01 , 2.01 , 2.01 , 2. 01 , 2.01 
Eta Coveraoe 0., 60 o., 60 0., 60 0. 160 0. 160 

.. A .. Eta o.oo o. 16 0.32 0.48 0.64 
II B H Eta 0.160 0.320 0.480 0.640 0.800 - Phi Coveraae o. 160 o. 160 o. 160 o. 160 0. 160 

Theoretical Seaments Each 39.27 39.27 39.27 39.27 39.27 
Actual Seaments Each 40 40 40 40 40 

Anoular Coveraae 
.. A .. Decrees 90.00 80.87 71 .97 63.50 55.60 
"B" Decrees 80.87 71.97 63.50 55.60 48.39 

Centerline Decrees 85.44 76.42 67.73 59.55 52.00 
"A .. Radians 1.571 1.411 1.256 1. 108 0.970 
"B .. Radians 1.411 1 .256 1. 108 0.970 0.845 

Centerline Radians 1 .491 1 .334 1. 182 1 .039 0.908 
Absorber Lenath mm 1680 1680 1680 1680 1680 

Front Face Dimensions 
"A"' Theta Face Width mm 226.69 232.26 237 .43 242.02 245.94 

"B" Theta Face Width mm 223.84 223.84 223.84 223.84 223.84 
Phi Width mm 228.25 228.28 228.35 228.43 228.52 

Gap Area mmA2 453.51 456.33 458.98 461.36 463.41 
Proiected Area mm"2 50963 51603 52206 52747 53214 

Gao Fraction 0.88% 0.88% 0.87% 0.87% 0.86% 
Back Face Dimensions 
"A" Theta Face Width mm 490.59 492.94 488.74 478.88 464.74 
"B" Theta Face Width mm 484.39 474.77 460.00 441.59 421.15 

Phi Width mm 497 .08 493.33 483.59 469.09 451. 39 
Gao Area mm"2 985 977 958 929 894 

Proiected Area mm"2 241,338 237,726 228,441 214,964 199,046 
Gap Fraction 0.41% 0.41% 0.42% 0.43% 0.45% 

Tower Parameters 
Active Absorber Velum cc 245.533 243,036 235,744 224,877 211,898 

Fiber Length M 5419 5364 5203 4963 4676 

Fiber Weicht Ka 1 0 1 0 9 9 9 
Tube Lencth M 4168 4126 4002 3818 3597 
Tube Volume cc 21 083 20.869 20.243 19.309 18.195 
Tube Weicht Ka 189 187 182 173 163 

Number of Pit Lavera each 62 62 60 59 56 
Plate Welaht Ka 1718 1701 1650 1574 1483 

Number of Flti.1"8 each 3771 3714 3569 3359 3110 
Added Welaht Ka 5 5 5 5 5 
Tower Weicht Kg 1922 1903 1846 1761 1660 - Row Parameters 

Absorber Volume MA3 9.82 9. 72 9.43 9.00 8.48 
Fiber Lenaht M 216.751 214,548 208,110 198,517 187,059 

Cu Tube Lenoth M 166, 732 , 65,037 160,084 152,705 143,892 
Tube Weicht cc 7,573 7,496 7,271 6,936 6,536 

Number of Pit Lavers each 2,485 2,467 2,418 2,345 2,257 
Plate Weicht Mt 68.73 68.03 65.99 62.95 59.31 

Number of Fibers each 1 50.836 148,579 142, 776 134.352 124.404 
Row Weicht Mt 76.90 76. 12 73.84 70.44 66.39 

page6 ORNL 7-15-92 



Barrel Row Number i 6 7 

Total Thickness I Lambda 12.01 12.01 -
Eta Coveraae 0.160 0.160 

.. A" Eta 0.80 0.96 

.. B .. Eta 0.960 1.120 
Phi Coveraae 0.160 0.160 

Theoretical Seaments Each 39.27 39.27 -
Actual Seaments Each 40 40 

Anaular Coveraae 
II A .. Decrees 48.39 41 .90 
"'B'' Decrees 41 .90 36.14 

Centerline Decrees 45. 15 39.02 .. 
.. A .. Radians 0.845 0.731 
n9n Radians 0.731 0.631 

Centerline Radians 0.788 0.681 
Absorber Lenath mm 1680 1680 

Front Face Dimensions -"A" Theta Face Width mm 249.16 251. 75 
"B" Theta Face Width mm 223.84 223.84 

Phi Width mm 228.61 228.68 

Gap Area mmA2 465.11 466.48 
Projected Area mmA2 53601 53913 
Gap Fraction 0.86% 0.86% 

Back Face Dimensions 
"A" Theta Face Width mm 447.86 429.69 
"B" Theta Face Width mm 400.09 379.48 

Phi Width mm 431.99 412.19 
Gao Area mmA2 856 817 -

Proiected Area mmA2 182,298 165 ,948 
Gap Fraction 0.47% 0.49% 

Tower Parameters 
Active Absorber Volum cc 198,155 184,683 

Fiber Length M 4373 4076 -
Fiber Weight Ka 8 7 
Tube Lencith M 3364 3135 
Tube Volume cc 17,015 15,858 
Tube Weicht Kci 153 142 

Number of Pit Lavers each 54 52 
Plate Weicht Ka 1387 1292 

Number of Fibers each 2848 2593 
Added Weicht Ka 5 5 
Tower Weight Ka 1552 1447 

Row Parameters 
Absorber Volume M'3 7.93 7.39 

Fiber Lench! M 174,927 163,034 
Cu Tube Lenath M 134,560 125,411 

Tube Weicht cc 6, 112 5,696 
Number of Pit Lavers each 2, 160 2,061 

Plate Weicht Mt 55.47 51. 70 -Number of Fibers each 113.936 103.717 
Row Weicht Mt 62. 10 57.89 

pages ORNL 7-15-92 
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- End Cae Rew Number 8.00 9.00 10.00 11.00 12.00 

Total Thick (W/BaF2) Lambda 12.86 12.92 1 3.05 13.20 13.41 

Eta Coverage o. 135 o. 160 o. 190 0.230 0.305 

A Eta 1. 12 1.26 1.42 1. 61 1.84 
B Eta 1 .255 1.415 1.605 1.835 2. 140 

Phi Coveraae o. 135 o. 160 0.190 0.230 0.305 
Theoretical Seaments Each 46.54 39.27 33.07 27.32 20.60 

Actual Seaments Each 46 38 32 26 20 
Anaular Covaraae 

Face .. A .. Dearaas 36. 14 31.82 27.31 22.72 18.14 
Face "B" Daaraas 31.82 27.31 22.72 18.14 13.42 

Centerline Decrees 33.98 29.57 25.01 20.43 15.78 
Face "A" Radians 0.631 0.555 0.477 0.397 0.317 
Face "B" Radians 0.555 0.477 0.397 0.317 0.234 

Centerline Radians 0.593 0.516 0.437 0.357 0.275 
Absorber Length mm 1820 1830 1850 1875 1910 

Front Face Dimensions 
'"A'" Face Width mm 244.40 251.40 248.38 247.88 252. 13 

'"B'" Face Width mm· 228.20 230.00 221 .27 212. 77 202.28 

Face Height mm 222.91 222 .19 216. 79 209.17 209. 74 

- Gae Area mmA2 459.20 462.89 451 .62 439.49 436.94 
Face Area mmA2 52213 53018 50457 47737 47216 

Gae Fraction 0.87% 0.87% 0.89% 0.91% 0.92% 
Back Face Dimensions 

"A" Face Width mm 391.01 410.95 415.03 422.87 438.92 
"B" Face Wid1h mm 375.48 390.22 388.66 388.94 391.40 

Face Heioht mm 461 .27 - 437.83 412.15 388.03 383.67 
Gap Area mmA2 845 838 814 794 799 

Face Area mmA2 175,934 174,549 164,807 156. 708 158,487 
Gae Fraction 0.48% 0.48% 0.49% 0.50% 0.50% 

Tower Parameters 
Active Absorber Volum1 cc 207614 208224 199119 191668 196447 

Fiber Lenath M 4582 4595 4394 4230 4335 
Fiber Weight Kg 8 8 8 8 8 

Tube Lenath M 3525 3535 3380 3254 3335 
Tuba Volume cc 17827 17879 17098 16458 16868 
Tube Weicht Ka 160 161 154 148 151 

Number of Pit Lavars each 58 55 52 49 48 
Plate Weiaht Ka 1453 1457 1393 1341 1375 

Number of Fibers each 2749 2727 2575 2449 2476 
Added Welaht Ka 5 5 5 5 5 

- Tower Weicht Ka 1626 1631 1560 1502 1539 

Row Parameters 
Absorber Volume MAJ 8.30 8.33 7.96 7.67 7.86 

Fiber Leni:iht M 210,769 174,625 140.622 109,980 86,710 
Cu Tube Leni:ith M 162,130 134.327 108,171 84 600 66.700 

Tube Weii:iht Ka 7,364 6, 101 4,913 3,843 3,030 
Number of Pit Lavers each 2,652 2.080 1 649 1.261 959 

Plate Weiaht Mt 66.83 55.37 44.59 34.87 27.49 
Number of Fibers each 126.452 103.639 82.403 63,663 49,527 

Row Weii:iht Mt 74.81 61.98 49.92 39.05 30.78 

~---~ """iQlo.11 ~ 11!': ,..,, -



End Cao Row Number , 3.00 , 4.00 

Total Thick (W/BaF2) Lambda , 3.96 , 3.41 -
Eta Coverage 0.440 0.500 

A Eta 2.14 2.58 
B Eta 2.580 3.080 

Phi Coverace 0.440 0.500 -Theoretical Secments Each 14.28 12.57 
Actual SeQments Each 1 4 12 

Ancular CoveraQe 
Face "'A" Decrees 13.42 8.67 
Face .. 8 .. Decrees 8.67 5.26 

Centerline Decrees 11.04 6.96 -
Face "A"' Radians 0.234 0. 151 
Face "B" Radians 0.151 0.092 

Centerline Radians 0. 193 0.122 

Absorber Lencth mm 2000 1910 

Front Face Dimensions -"A" Face Width mm 262.37 195.53 

"B" Face Width mm 185.75 127 .55 

Face Height mm 207.25 146.67 
Gap Area mm"2 431.31 308.21 
Face Area mm "2 46006 23385 -Gap Fraction 0.93% 1.30% 

Back Face Dimensions 
"A" Face Width mm 470.70 346.22 
"B" Face Width mm 397 .62 287 .26 

Face Heicht mm 381 .OS 262.30 -Gap Area mm"2 815 579 
Face Area mm "2 164,620 82,504 

Gap Fraction 0.49% 0.70% 

Tower Parameters 
Active Absorber Volum1 cc 210626 101124 -Fiber Lenath M 4648 2232 

Fiber Weight Kg 8 4 

Tube Lenath M 3576 1717 
Tube Volume cc 18086 8683 
Tube Weicht Kc 162 78 

Number of Pit Layers each 48 33 -
Plate Weicht Ka 1474 708 

Number of Fibers each 2572 1289 
Added Weicht Ka 5 5 
Tower Weight Kg 1650 795 

Row Parameters 
Absorber Volume M "3 8.43 4.04 

Fiber Lencht M 65,078 26,781 
Cu Tube Lenath M 50,060 20.601 

Tube WeiQht Ka 2,274 936 
Number of Pit Lavers each 667 393 -Plate Weicht Mt 20.64 8.49 

Number of Fibers each 36.011 15,470 
Row Weiaht Mt 23. 10 9.54 

"'- .... -., '"''"'"' ~ ~ --
-



& .. 
.... ... 
"' .... 
"' z 

"' 
L:J 

"' u ~ 
::;:: 

.... 
Q 
u .... 0.. 
< w _, .... 
" "' ::c 
:::;) 

'-' :::: 
'-' "' < 

"' "' 
"' .. 

- ' "' z ' :::: 
Q z 
"' "' .... 
w \J) _, 

"' c:.. w 
::c > - 0 
'-' \J) 

" u 0 
::c < 

Cl .... < 

= = = = = ..,., 
"' "' "' "' -" 

Q "" "' "' "' " "' 0:. "' " "' "" • • • • • • 
"' u.J UJ '" '"" "" '"" UJ w w w .... 

"\ w M :u "' c"O ..,., .. "' .. "' "' "' "' "' "' ... .,, ... "' N "' "' "" \ ..J 
< .,., = "' .... .,, ----+ > • • • • • • • • • • :• I ,,., 

ml w - \J) 

:c 



-

-
" ... 
\.IJ 

"' -"' .. .. :: 
w 
:::: 

• w 

"' u 
\.IJ = "' 
~ -Q 
\.IJ .... .. 

"-. < w 
~ ~ 

''-. "' "' "' '-, :::i 
' ' "-' :r 
~ '-' N 

'" < -"' ., 
m ., 
IX) .. 

-
-

.... I 

"' z I -:r 
Q :z: 
UJ 0 .... 
\.IJ IJ) 
...J "' "- w 
:<: > 
Q 

v IJ) 
:::> -\.IJ " x < 
IX) 

~ < 

1£ =r ::: :r & 
:r Jl Jl f> .n "' 

.,, 
"" & "' "" s "' s. "' "' & 

• • • • • 
w w w UJ "' w ..u .., .w -" lJ.J l.J.. q 

UJ "' , ... C• OJ Jl "' f> "' "' "' ... 
" "' ... "' s ~ s s .., ~ ~ "' \ 
...J \ < ~. = "' c- " -___..:,,. > • • • 

/ 
(,iJ • J 

... n' 

"' 
:c ... 



-

-

-

-

-

u 
=> 
...J 
< 
> 

:c: 

:: & ~ "' • w w w 

"' '" 
,, 

"' ~ "' 

:: ~ ;;. '"' "" SI 
• • • w UJ w ... 
N '"' m ..,, m .. 

"' "' "' "' u: 
:;. s. ::. "' <S: 
• • • .. .u ... w u. 

"" .I' "' "' "' "' ~ 
.,, 

~ 

• • 

• , ... / 

• w 

"' v 
UJ :z: 
:c 

Q 

UJ 
... 0.. 
« w 

z 

Q 
UJ ... 
UJ 
_J 

"-:c 
0 
'-' 
UJ 
:c 
... 

::r 
llJ 

"' m 

"' .. 

I 

"' I 
::r 
:z: 
0 

"' "' w 
> 

"' ::i 
0 
< 

"' < 



-2' 

\.s 

~ 
> 
~ 

\-4 

w 

"' _J 

< 
> 

,'.} ~ \- s 

! 
~ 

'i 
!. j 

c <:::::::..i 

rl """ 

-' ,..,.,.. r:.....:. 

~ 
"' -x 11-

I I 

~~ ....... 
-<: V\ 

·; 

11 --

"\ 7 
'I 
~ 

-

-

-

-

-

-

-

-

-

... 



-

-

:< 

$. 

"" -
II - _,_, 

,./ 
// 

I I' I 

~ , 
.:s 
::. . -
-
~ -

/ 

'-

"<_ "7 
\ I 
\/ 

"­
w 

--= 



Structure Stresses 

GEM Detector-Fiber Hadron Calorimeter 

Results of FEMA analysis of Fiber Structure 

Load Case One: 120 Deg. Pedestal Support 

Component Material Stress Stress 
Allowable Calculated 

KP a KPa 

Outer Ring One Stain. Steel 172,000 165,000 
25 KSI 

Outer Ring Two Stain. Steel 172,000 156,000 
25 KSI 

Tower Flanges Brass 379,000 213,000 
55 KSI 

Saddle Stain. Steel 172,000 94,000 
25 KSI 

Load Case Two: Installation Outrigger Support 

Component Material Stress Stress 
Allowable Calculated 

KP a KP a 

Outer Ring One Stain. Steel 172,000 NA 
25 KSI 

Outer Ring Two Stain. Steel 172,000 163,000 
25 KSI 

Tower Flanges Brass 379,000 206,000 
55 KSI 

Page 1 6-15-92 
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GEM Detector 
Fiber Hadron Structure 
Parameters 

Darrel 

Mater. 
External Ribs SST 
End Rines SST 
Middle Rines SST 
Membrane Rine SST 
Internal Ring Alum 
Internal Tube Alum 
Tube SST 
PMT Bracine Alum 

Harrel Total 

End Cap- Two Each 

Mater. 
External Ribs SST 
External Ring SST 
Forward Ring SST 
Face Plate Alum 
PMT Bracine Alum 

:rwo End Cap Total 

Area 
cmA2 
16400 

125 
225 
300 
35 

Area 
cmA2 
2500 
125 
225 

62458 

Leneth Thk Radius 
cm cm cm 

I 
280 
340 
380 
140 

423 1.5 141 
435 5 360 

Leneth Thk Radius 
cm cm cm 

I 
280 
340 

1.5 

) 

Volume Weight Quantity Total Weight 
cc KG Each MT 

16,400 160.72 80 12.86 
219,911 2155.133 2 4.31 
480,664 4710.504 2 9.42 
716,283 7019.575 I 7.02 
30,788 105.60 2 0.21 
562,122 1928.079 2 3.86 

4,919,734 48213.39 I 48.21 
367 1.26 560 0.70 

86.59 

Volume Weieht Quanlity Total Weieht 
cc KG Each MT 

2,500 24.5 376 9.21 
219,911 2155.133 2 4.31 
480,664 4710.504 2 9.42 
93,687 918.13 2 1.84 

367 1.26 376 0.47 

25.25 

IFiber Calorimeter Total 111.85 I 

Page 1 ORNL 6-22-92 
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Electrical and Utility Connections to Fiber Hadron Calorimeter 

I ~Wi'IE. I TUBING I Totals I 
VOLTAGE POWER lYPE AREA WBGHT AREA WEIGHT NUIVflER WG/METER AREA !'ONER 

VOLTS WATTS MIL SPC CM"2 KG/M CM'*2 KG/M UNITS KG/M CM**2 WATTS 

1 PMTPower 1500 0.2 22 ga TP 0.02 0.005 936 4.6~ 18.72 187 

...... ?. ...... P..9.~i!i~9. . .YQ1l ~9~ ................................. ! .. ?. ................. 0.J?.?. ........ ?.?. .. 9~..IP. ..... .<l.:.Q.? ........ Q.:9..()~···········-··· .. ··············································· --~~!!.Q ................. ?.;i,,~ () ............. ~.3..:.~.Q ... ,_., ... ?..3. ~... . 
.} .... ~9.~cl'l.IJYJ.ligg~r.. . ............................................. 9 .. :3. ............ fl§~l~~---··.<l.:9.~ .. . 9.·.9..!.? ................................................................. 9............ . .... (),.()()..... .. (}.()O. ...... .... 9. 

3 Tesl P,ulse 0 22 ga TP 0.02 0.005 4680 23.40 93.60 0 
4 Coolanl X 6.45 0.97 12 11.59 77.40 0 
5 Coolanl Return X 6.45 0.97 12 11.59 77.40 0 

...... !L ... .Ih..fl.1 11_1!?.~.!!.IJP..1.~~-············· .. ······· .. ·············Q ....................................... ?.?. .. !l~ . ..I~ ...... Q.,9..3. .......... .Q.:.Q.Q.!. ................................... - ................................ ! . .<l.?.~ ................... !.:.! .. ? ................. 3..Q,_!.? ................ Q ......... . 
TOTAL 11344 81.83 391.44 421 

Coums Based on 4680 Channels 

ORNL 7-16-92 
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PMT 
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Ribs structure connection w·ith ring 
( DiMention Qre preliMinClry ) 
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This conceptual print is the property 
of HILMAN, INCORPORATED. It is not 
meant as a scale drawing. It cannot 
be reproduced without prior approval 
from Hilman, Inc. 
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NOTES: 
1. MATERIAL: MAKE FROM 0.125 STOCK 

'WIDTH. 
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July 15, 1992 

X.... Scintillating Fiber Hadron Ca!orjmeter Fabrication 

X.1 Introduction 

The scintillating fiber hadron calorimeter has been designed with manufacturability as a 

high priority. The calorimeter will be constructed in a manner which maximizes off-site labor and 

minimizes on-site assembly and storage space requirements. This implies modular processing, 

fabrication, and assembly techniques and a design which allows the detector to be assembled into 

large transportable modules. For work which must be performed at the SSC site, the design 

maximizes the labor which can be performed on the surface. This optimizes labor efficiency and 

minimizes the installation time. 

This section is subdivided into sections addressing fabrication, assembly, and installation. 

Fabrication is defined as the processes required to make copper towers from purchased 

materials. These tasks are primarily machining, cutting, forming, and bonding operations. All 

fabrication is assumed to occur off-site. Assembly is defined as the assembly of the towers into 

modules and modules, readout equipment, and global structure into a working calorimeter, or one 

that is working as nearly as possible without utilities and electronics. Module assembly is assumed 

to occur off-site, and all other assembly occurs on-site. Installation is defined as transport of 

the calorimeter from the assembly hall to the experimental hall, positioning and alignment, 

fastening to the central support structure, and final connection of services. 

Manufacturing includes both off-site fabrication and on-site assembly. Manufacturing is 

scheduled to require approximately 24 months. The operations will be performed in parallel during 

that period rather than in a batch mode. Thus, purchased items will be delivered to the 

manufacturing sites on a continuous basis with the resulting reduction in storage and handling 



-----------------

requirements. Extra storage, if required, is assumed to be available in vacated space on-site or in 

rented warehouse space. 
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X.2 Fabrication 

X.2.1 Parameters 

Eighty half-barrel modules, each about 11 Mg mass, and twenty-four end cap modules, each about 

25 Mg mass, will be fabricated and shipped to the SSC site. Materials purchased in large 

quantities are listed in Table I. 

Table 1. Purchased Material 

Description Quantity Units 

Brass Plate 1,800 Mg 
Copper Tube 3,300 Ian 
Scintillating optical fiber, 1.5 mm diameter 4,500 Ian 
Readout Frame Assemblies 5,000 ea. 
Photomultiplier Tubes 5,000 ea. 
Electronics 5,000 channels 
Outer Module Ribs 
Inner Support Rings 5 Mg 
Outer Module Rings 

X.2.2 Tower Fabrication 

Tower fabrication is performed at fabrication work stations one through four. The towers are 

fabricated from rolled, free-machining brass plates and copper tubing. Holes will be drilled in 

some plates for fastening the finished towers to support structure. Each plate is then clamped to a 

fixture, which is in turn clamped to the feed table of a horizontal milling machine. Grooves are 

milled lengthwise along one side of each copper plate using a gang cutting tool (Fig. 1). Only one 

pass is required to cut the grooves to full depth. After the grooves have been cut, the sides and 

ends of the plates are sheared to the correct shapes and cleaned. Copper tubes, which provide 

properly sized, smooth holes for fiber insertion, are also prepared during the plate preparation. 



Each tube is cut to a length slightly exceeding that of the longer of the two adjacent plates, then 

debuned and cleaned. 

The towers are assembled by stacking the plates with tubes in the grooves, bonding, and finish 

machining. The plates are stacked in a specially designed fixture. After a plate is placed in the 

fixture, a tube is placed in each groove and the plate coated with adhesive before the next plate is 

stacked in place. The tubes are placed so that each end extends slightly beyond the ends of both 

adjacent plates. After the tower stackup is completed, the stack is clamped together and the 

adhesive cured with the clamping forces applied, then the tubes are visually inspected and any 

blockages opened. QA tests (cum:ntly unspecified) will be performed on randomly selected tower 

stackups to verify that adjacent plates are adequately bonded Rough sides and the small ends of 

the tower stackups are then machined to finished dimensions. The large ends of the towers do not 

require finish machining because the presence of fiber readout bundles renders their dimensions 

noncritical. Some sides of the towers may require linle or no machining, depending on plate 

flatness and how weU the plates are aligned during stacking. Each end cap tower has a slot milled 

into the small end 

The techniques described above provide a conservative tower fabrication methodology. They have 

been proven effective in similar conditions or during fabrication of the prototype copper 

scintillating hadronic towers. Effons are ongoing to develop manufacturing methods which may 

improve quality or provide cost reductions. These include extruding grooved plates and 

developing plate bonding techniques which eliminate the need for copper tubes. 

-
.. 

• 

-

... 

.. 

.. 

-

-



-

-

-

-

-

X.2.3 Strucrural Member Fabrication 

Structural members include iMcr and outer ribs, flanges, and a clam-shelled tube which carries the 

central barrel and COMectS to the central detector support. All structural members are made from 

non magnetic stltinless steels. Fabrication of all structural members is accomplished by 

conventional cutting, welding, and finishing methods. All structural members are assumed to be 

fabricated off-site, probably by industtial steel fabricators. 

X.2.4 Manpower 

TBD 



1.00 
Task# 

1.01 
1 .02 
1.03 
1 .04 
1.05 
1.06 
1 .07 
1.08 
1.09 
1 .1 o 
1 .11 

Scintillating Fiber Hadron Calorimeter 
Tower Fabrication Labor Tabulation 

WBS: 2.4.1.4 

TOWER STATION ONE 
Machine Grooves 
Task Descript. 

Stage plates for one tower 
Install one plate in multi-head mill 
Cut grooves 
Clean Plate 
Inspect grooves 
Remove and Turn Tail Catcher Pl< 
Cut short grooves 
Inspect grooves 
Remove plate from mill 
Clean plate 
Stack plate for removal 
Totals for One tower 
Personnel Efficiency 
Estimated Personhours!Tower 
Total Towers 
Person Years 
Station One Machine Years 

TOWER STATION TWO 

Unit Hrs 

0.5 
0.2 

1 

0. 1 
0. 1 

0.5 
0.5 

0.05 
0.15 
0.15 
0.05 

1794 
2080 

Persons 

0.15 
1 

1 
1 
1 
1 
1 
1 
1 

Hr/Yr 
Hr/Yr 

Unit 
Ph rs 

0.5 
0.2 

0.15 
0.1 
0. 1 
0.5 
0.5 

0.05 
0.15 
0.15 
0.05 
2.45 

Quantity 

55 
55 
55 
55 
20 
20 
55 
55 
55 
55 

Total 
PH rs 

0.5 
11 .0 
8.3 
5.5 
5.5 

10.0 
10.0 
2.8 
8.3 
8.3 
2.8 

73.0 
1.25 
91 .2 

936.0 
47.60 

Running 

Hours 

11 .0 
55.2 
5.5 
5.5 

1 0.0 
1 0 .0 
2.8 
8.3 

108.4 
1.25 

135.5 
936.0 

60.97 

2.00 Size Plates to Length Unit Total Running 

Task # Task Descript. Unit Hrs Persons Phrs Quantity PHrs Hours 

..• -?..:2. .. 1-_ ... ?..!.~9.~ ... ~.r2.~.:--~£.flat11~- _Q.J ___ .. _. __ 1 -·---o .:.~ _____ ..J_. ____ Q. 5 ____ _ 
2.03 Install two plates in saw 0.5 1 0.5 8 4.0 4.0 

....... ~:.9-~ ........ ? .. ~~-P..!.~tes to leng!t1 ______ 0 .. 3~_. __ ]_ 0.33 ---~---· 2.6 ___ 2_.6~-
2.05 Clean and inspect plates 0.25 1 0.25 8 2.0 2.0 
2.06 Stack plates 0.33 1 0.33 8 2.6 2.6 

Totals for One Tower 1 .91 11 .8 11 .3 
Personnel Efficiency 1 . 2 5 1 . 2 5 
Estimated Personhours/Tower 1 4. 7 14.1 
Number of Towers 936.0 936.0 
Totals for Station Two 13782.6 13197.6 
Person Years 1794 Hr/Yr 7.68 
Station Two Machine Years 2080 Hr/Yr 6.35 

7-16-92 
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TOWER STATION THREE 

- 3.00 Assemble Tower Stack . Unit Total Running 
Task # Task DascrlpL Hours Parsons Ph rs Quantity PH rs Hours 
3.01 Stage sized elates 0.5 1 . 0.5 1 0.5 
3.02 Stage tubing 0.5 1 0.5 1 0.5 
3.03 Position elate in bonding fixture 0.05 1 0.05 55 2.8 2.8 - 3.04 Install tubing in grooves 0.05 0.05 55 2.8 2.8 
3.05 Install glue 0.05 1 0.05 55 2.8 2.8 
3.06 ComE!lete bonding fixture assemb 1 1 1 1 1 .0 1 .0 
3.08 cure assembl;r: 24 0.01 0.24 1 0.2 
3.09 Move assembly to sizing station 0.5 1 0.5 1 0.5 

Total for Station Three 2.89 11.0 9.3 
Personnel Efficiency 1.25 1 .25 
Estimated Personhours/Tower 13.8 11 .6 
Number of Towers 936.0 936.0 
Total for Station Three 12901.2 1 0865.4 - Person Years 1794 Hr/Yr 7 .19 
StatlonThrea Machine Years 2080 Hr/Yr 5.22 

-

-

-

7-16-92 -
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TOWER STATION FOUR 

4.00 Size Tower Stack Unit Total Running ... 
Task# Task Descrlpt. Hours Persons Phrs Quantity PH rs Hours 

4.01 Sta51e bonded stack at mill 0.5 1 0.5 1 0.5 
4.02 Install stack in mill 0.33 1 0.33 1 0.3 0.3 
4.03 Cut Face one 2 1 2 1 2.0 2.0 
4.04 Reeosition tower 0.33 1 0.33 0.3 0.3 
4.05 Cut face two 2 1 2 1 2.0 2.0 
4.06 Reeosition tower 0.33 1 0.33 1 0.3 0.3 
4.07 Cut face three 2 1 2 1 2.0 2.0 
4.08 Reeosition tower 0.33 1 0.33 1 0.3 0.3 
4.09 Cut face four 2 1 2 1 2.0 2.0 .... 
4.10 Reeosition tower 0.33 1 0.33 1 0.3 0.3 
4. 11 Cut face five 0.5 1 0.5 1 0.5 0.5 
4.1 2 Reeosition tower 0.33 1 0.33 1 0.3 0.3 
4.13 Cut face six 0.5 1 0.5 1 0.5 0.5 
4.14 Remove tower 0.33 1 0.33 1 0.3 0.3 
4.15 lnseect tower 1 1 1 1 1.0 
4.16 Clean Tower 1 1 1 1 1 .o 
4.17 Move tower to shipping 0.5 1 0.5 1 0.5 0.5 

Total for Station Four 14.31 14.3 11.8 
Personnel Efficiency 1.25 1.25 
Estimated Personhours/Tower 17 .9 14.8 -
Number of Towers 936.0 936.0 
Total for Station Four 16742.7 13817.7 
Person Years 1794 Hr/Yr 9.33 
Station Four Machine Years 2080 Hr/Yr 6.64 ... 

Person Years@1794 Hr/Yr 71.80 

1 Sh ft ... 
Station Requirements Machine Duration Machines 

Years (Years) 1 Sh ft 2 Shit 3 Shft 4 Shft 
Station One-mills 60.97 2.00 30 1 5 1 0 8 
Station Two-saws 6.35 1.50 4 2 1 1 
Station Three bonding fixtures 5.22 1.50 3 2 1 -Station Four-sizing mill 6.64 1.50 4 2 1 

7-16-92 
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DRILL PLATE 
COPPER PLATE 

GROOVED ECCENTRIC 
CAM HOLDERS 

TOWER CONSTRUCTION 
STEP I 

AnArH rnpprR DI t.Tr Tn nPlf I Pl f\Tr 

) ~ ) 

D o------u------a 
I I 
I I 
I I 
I I 
p q 
I I o: p 
~ q 
I I 
I I 
I I 
p q 
I I 
I I 
I I 

~ ~ 
I I 
I I 
I I 
D a 
I I 

0: )J 
b d 
I I 
I I 
I I 
I I o _____ o _____ a 



t 

82° 

rt:; .140 
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HOLE PROFILE 

DRILL PLATE 

llWO. NO; Mr0-0002(REV.1) 
"'' a. IC££UJI 1 /1/t2 

( 

COPPER 

4 

~-- DRILL GUIDE BUSHING 

~1111111~1 
1. INSTALL DRILL GUIDE BUSHING IN HOLE TO BE DRILLED 
2. DRILL 111.28(7.11 mm) THRU - 18 PLACES 
3. C'SINK .140 DP. X 82. TO lll.51(12.95mm) - 18 PLACES 

[SEE HOLE PROFILE ] 
4. REMOVE COPPER PLATE FROM DRILL PLATE 

c 

TOWER CONSTRUCTION 
STEP II 

~~······~· . . .. ~ f • • • 
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ALUMINUM SPACER 
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PLATE W/ HOLES 
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MILLING MACHINE 
W/ MULTI-GROOVE 

CUTIER 
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1. ATIACH COPPER PLATE TO ALUMINUM SPACER ON 
HORIZONTAL MILLING MACHINE USING 1/4-20 X l"LG. 
FLAT HD. SCREWS - 18 PLACES 

owo. HQ, llf0-0003(R£V.1) 
..,., •. ICUUJI 11•1•2 

TOWER CONSTRUCTION 
STEP III 

PRFPARING r.nPPFR Pl ATF F()P r.poovi:- r.l ITfl~lr. 
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COPPER .... PECIFICATJONS 
CUTIER: CARBIDE 3"0.D. X 

1" l.D. X 1/B"WIDE 
(32 CUTIERS) 

FEED RATE: 3.67 IN/MINUTE 
RPM: 273 
NO. OF PASSES: 2(.065 EA.) 
COOLANT: MYSTERY OIL 

'IWG. tK>: MrG-0004(REV.1) 
BY. B. ~ElliR 1 /1/92 
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BRASS SPECIFICATluNS 
CUTIER: HIGH SPEED 

STAGGERED TOOTH 
3• O.D. x 1· l.D 
X 1/8" WIDE 
(32 CUTTERS) 

FEED RATE: 7.83 IN/MINUlE 
RPM: 593 
NO. OF PASSES: 1 
COOLANT: NONE 

,---1- ALUMINUM SPACER 

::::::::;::::::::::::::::t::::::::::: 

1. CUT GROOVES IN COPPER PLATES (ONE SIDE ONLY) 
2. WASH OFF GROOVED PLATES BEFORE PROCEEDING 

c 

TOWER CONSTRUCTION 
STEP IV 

( rl ITil~I/"' C 'P{)()\/ICC' ( • • • c 
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\COPPER PLATE 
\WITH GROOVES 

l 

~1111 iilf lilii Ill 
111 lllllllllil 

) 

I ~ I ~ 
•::-::·m-11·:1 ::::1.:.::1::::I11:m~-: .. -:-.:·:.:m mm:i:m; 
·••••i:\::~:-··s"···-_.H_. .......... E_ ..... _ .. A._ ......... R ............ , .... N ........... G."""""::::::::::::::•:: 

::::::::;::::::::::: :;:::::::::::::::: 

:nrn@tt p RE s s ;:: :::1¥@\H 

BEFORE 

"lWG. NO: MfC-0005(REV.1) 
ey, 8. KEfilR 7 ltl02 

ilf lilliiili 
1

111Hll~llliit 
:::'.~::::~::~::~::~~::: ::::::~:;~::~::~~~::::::::::::::~~~::~~::~~~::: ::~~~~::~::~::::~~:::·, 

1. SHEAR PLATE TO SPECIFIED LENGTH & ANGLE 
2. SAND EDGES SMOOTH 
3. WASH 

TOWER CONSTRUCTION 
STEP V 

<:;HFARINr. 

) l 

1111111 

AFTER 
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EPOXY 

COPPER 
TUBES 

II 
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1. PLACE COPPER TUBES IN SLOTS ON COPPER PLATE (32 PEF PLATE) 
2. PLACE COPPER PLATE WITH TUBES ON FIXTURE (SLOT SIDE UP) 
3. APPLY EPOXY (APPROX. .004" THICK) 
4. PLACE NEXT PLATE ON TOP OF EPOXY 
5. REPEAT STEPS 2,3&4 UNTIL ALL PLATES ARE IN PLACE 
6. ATIACH HOLD DOWN CLAMP (SEE STEP VII) 

TOWER CONSTRUCTION WITH EPOXY 
STEP VI 
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CLAMP 

SOLDER 

COPPER 
TUBES 

TOWER 
PLATE 

IMO. HO: WQ-OOOt(REV. I) 
""' 8. l<llUll 1 /t/12 

I ) I ) 

1. PLACE FIRST PLATE ON FIXTURE (SLOT SIDE UP) 
2. INSTALL COPPER TUBES (.32 PER PLATE) 
.3. APPLY SOLDER (APPROX .. 004 THK.) 
4. PLACE NEXT PLATE ON TOP OF SOLDER 
5. REPEAT STEPS 2,.3&4 UNTIL ALL PLATES ARE IN PLACE 
6. ATIACH HOLD DOWN CLAMP (SEE SHEET 2) 

TOWER CONSTRUCTION 
STEP VI 

Pl ATF A<;C::FMRI Y 
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STACKED TOWER PLATES 

------------------------------------------

1 -· NO, Mf0-000!(A£V.1) 
11'1' B. l<EElER 7ft/92 

( c 

STACKING FIXTURE 

1. TIGHTEN CLAMP UNTIL SPRING IS FULLY COLLAPSED 
(260 POUNDS FORCE MAXIMUM PER SPRING) 

2. CURE EPOXY FOR 12 HOURS 

TOWER CONSTRUCTION WITH EPOXY 
STEP VII 

c • f'I 4 H11H(' c • 

BOSfOM utlf/DSITY 
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STACKED TOWER PLATES 

------~-----------------------------------

owe. NO: MFG-0006(REV.1) 
py, B. KEEUR 7 /1/02 

STACKING FIXTURE 

1. TIGHTEN CLAMP UNTIL SPRING IS FULLY COLLAPSED 
2. BAKE COMPLETE ASSEMBLY AS FOLLOWS 

COPPER: 8 HOURS ® 500" 
BRASS: 10 HOURS @ 700· 

TOWER CONSTRUCTION 
STEP VI 

SHl="FT ? 
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Procedure 
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X.3 Assembly 

X.3.1 Half-Barrel Module Assembly 

Half-barrel module assembly is performed at assembly station one with modules in the horizontal 

orientation on tabletops. Towers, structural members, fibers, and readout frames will be received, 

inspected, and cleaned. The inner and outer ribs for one side of one module are placed on a 

tabletop. Finished towers, one each from rings one through eight, are then placed in their 

respective positions and fastened to the structure already in place. Temporary structural members 

are attached to the module, then a slot is milled length wise along the module at the inner radial 

surfaces of all towers. Fibers are then inserted into each tower and are bundled at the readout 

locations. Readout frames are attached, and the fiber ends cut and finished. The temporary 

structural members are removed and the permanent ones fastened in place to complete the half­

barrel module. Finally, the modules are removed from the assembly table and packaged as 

necessary for shipping to the SSC site. 

X.3.2 End cap Module Assembly 

End cap module assembly is performed at assembly station two in frames designed specifically for 

that purpose. Each end cap consists of twelve modules. All pans are received, inspected, and 

cleaned as necessary. The assembly frame is positioned with vertical axis and the inner structural 

plate is placed in the bottom of the frame. The hadronic towers are placed in the frame starting at 

the outer radial edge and working inward. Slots in the small ends of the towers mate with and 

fasten to a key which is temporarily fastened to the inner structural plate. The towers are 

positioned with the readout ends up. Fibers are then inserted into each tower and are bundled at 

the readout locations. Readout frames are attached, and the fiber ends cut and finished. The outer 

structural frame is positioned and fastened to the towers. Finally, the modules are removed from 

the assembly fixture and packaged as necessary for shipping to the SSC site. 



X.3.3 Module Delivery 

The assembly of half-barrels and end caps occurs in and near the surface assembly hall at the SSC 

site. Modules are delivered to the site by trucks and off loaded by overhead crane in the staging 

area. 

X.3.4 Half-Barrel Assembly 

Half-barrel assembly is performed at assembly station three, located at IR5. The half-barrels are 

assembled on a table with the axis vertical. After the table is assembled and inspected, an inner 

scrucrural tube and an outer stiffening ring are placed on the table. The inner structural rube is the 

inner reference surface, and the outer stiffening ring is a beam which provides structural suppon at 

the central end of the half-barrel when uprighted. Modules are received and inspected in a staging 

area, then transponed to the assembly area by overhead crane. The first module is fastened to the 

inner structural tube and the outer stiffening ring, then the second module is fastened in like 

manner but at a position 180° from the first. The third module is located adjacent to the first, the 

founh adjacent to the second, and so on with each being located roughly opposite the previous 

one. A thin layer of mylar will be placed between adjacent modules to suppress eddy currents 

which could be generated by a fast magnet dump. Dimensional inspections will proceed in parallel 

with assembly. Two to four special modules will be manufactured to maintain the correct radial 

position of the assembly and to minimize gaps. When the accumulated tolerances have exceeded 

some threshold (TBD), the next module attached will be one of the special modules, hence 

restoring the assembly to near ideal dimensions. It is assumed that the last modules attached will 

be such special modules. Optics packages will be assembled to the fibers on a module after the 

module is attached to the inner structural tube and outer stiffening ring. Module cabling and 

plumbing will also be performed at this rime. OP attachment to modules, cabling, and plumbing 

will lag module attachment to the structure enough to minimize physical interference between the 

tasks. After all OPs are attached, outer stiffening rings will be attached near the center and at the 
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top of the half-barrel assembly, then the assembly will be inspected. Outriggers are attached and 

the tabletop with the barrel assembly is rotated by hydraulic cylinders to an orientation with 

horizontal axis, in which position the half-barrel is supponed by a transponer. The half-barrel load 

is then transferred from the tabletop to the transponer and readied for transpon outside the 

assembly hall. 

X.3.5 End cap Assembly 

End cap assembly is performed at assembly station four, located at IR5. The end caps are also 

assembled on a table with the axis vertical. After the table is assembled and inspected, a fixture 

which contains a conical tube with an inner structural plate (resembling a flat washer) attached to itS 

small (bottom) end is placed on the table. A machined gage-block which forms a tapered 

dodecagon, truncated at each end, is placed in the center of the fixture. Modules are received and 

inspected in a staging area, then transponed to the assembly area by overhead crane. The modules 

are lowered into position, with each successive module placed opposite the preceding one. The 

module positions are fixed by the combination of gravitational, friction, and cone-action forces. 

Insulation, dimensional inspection and correction, OP attachment, and services connection proceed 

as in half-barrel assembly. After all OPs are attached, the outer structural members will be 

attached, then the assembly will be inspected. Outriggers are attached and the tabletop with the 

barrel assembly is rotated by hydraulic cylinders co an orientation with horizontal axis. The key is 

fastened to the inner structural plate, the gage-block is removed, and the end cap load is then 

transferred from the tabletop to the transponer and readied for transpon outSide the assembly hall. 

X.3.6 Assembly Fit-up and Test 

Assembly fit-up and testing are performed at assembly station five, located at IR5. After the half­

barrels and end caps are assembled, they will be transponed outside the assembly building, where 

they are lifted by a rented lifting device with several hundred Mg capacity. The subassemblies are 

set on rails which extend into the assembly building. The subassemblies are set on the rails in the 

proper sequence and orientation to allow them to be moved together and fit-up as in final 



installation. After each subassembly is set on the rails, it is translated into the assembly hall. The 

half-barrel subassemblies are mated, and two stainless steel clamshells are attached to form a 

central structural ring. The barrel and end caps are then mated and the calorimeter assembly 

dimensionally inspected. After necessary dimensional adjustments are completed, the assembly is 

cabled and plumbed to the maximum extent feasible. Temporary wiring harnesses and electronics 

readout test stand(s) are then installed as necessary and the detector is electronically tested. 

Finally. the three subassemblies are separated and readied for transport to the experimental hall. 

X.3.7 Manpower 

TBD 
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.. ·intillating Fiber Hadron Calorimeter 

Assembly ofSubsystems 
WBS:4.0.2.4.2 

STATION ONE 

1.00 Assemble Central Half Barrel Modules Unit Total Run 

Task# Task Oescrlpt. Unit Hrs Persons Phrs Quant. Phrs Hrs 
, .0, Position Inner Module Tie Bar 0.5 2 , , , .0 , 
1.02 Position One Side Structural Plate , 3 3 , 3.0 , 
, .03 Stage Tower Blocks 2 3 6 7 42.0 1 4 - 1.04 Clean and lns12ect Tower Blocks 1 2 2 1 2.0 1 
1.05 Install Tower Blocks 0.5 3 1.5 7 , 0.5 4 
1.06 Install Fibers in Modules 0.0008 3 0.0024 22965 55.1 1 8 
1.07 Position Second Side Structural Plate 2 3 6 1 6.0 2 
1.08 Install Readout Frames 8 3 24 1 24.0 8 - 1.09 Grou12 Fibers in Readout Frame 1.5 2 3 1 3.0 2 
1. 1 0 Secure and lns12ect Fiber Bundles 1 1 1 35 35.0 35 
1 . 11 Finish fiber ends 1 1 1 35 35.0 35 
1.12 Clean lnsf2!CI and Test module 24 2 48 1 48.0 24 
1.13 Install cover elate 8 2 1 6 1 16.0 8 

- 1.14 Prepare Module for Shipping 1 6 2 32 1 32.0 1 6 
Totals for One Module 144.50 312.6 168 
Personnel Efficiency 1.25 1 
Estimated Personhours/Module Group 390.8 210 
Number of Module Groups 80 80 

- Totals for Station One 31261.6 16787 
Person Years 1794 Hr/Yr 17.43 
Station One Machine Years 2080 Hr/Yr 8 

-

ORNL 7·16·92 
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STATION TWO 

2.00 Pre-Assemble End Cap Module Towers Unit Total Run 

Task# Task Descrlpt. Unit Hrs Persons Ph rs Quant. Phrs Hrs 
... 

2.01 Position Inner Module Tie Bar 0.5 2 1 1 1 .0 1 

2.02 Position One Side Structural Plate 1 3 3 1 3.0 1 
2.03 Stage Modules Blocks 2 3 6 24 144.0 48 
2.04 Clean and lnsEect Blocks 1 2 2 1 2.0 
2.05 Install Module Blocks 0.5 3 1 .5 24 36.0 , 2 .. 
2.06 Install Fibers in Modules 0.0008 3 0.0024 39764 95.4 32 
2.07 Position Second Side Structural Plate 2 3 6 1 6.0 2 
2.08 Install Readout Frames 8 3 24 , 24.0 8 
2.09 Grou12 Fibers in Readout Frame 1 .5 2 3 1 3.0 2 
2.10 Secure and lns12ect Fiber Bundles 2 1 2 120 240.0 240 -
2.11 Finish fiber ends 1 , 120 120.0 120 
2. 1 2 lnsEect and Test module 24 2 48 1 48.0 24 
2.13 Install cover Qlate 8 2 1 6 1 1 6.0 8 
2. 14 Prepare Module for Shipping 1 4 2 28 1 28.0 1 4 

Totals for One Module 141 .so 766.4 512 .. 
Personnel Efficiency 1.25 1 
Estimated Personhours/Module Group 958.0 640 
Number of Module Groups 24.0 24 
Totals for Station Two 22993.0 15354 
Person Years 1794 Hr/Yr 12.82 -
Station Two Machine Years 2080 Hr/Yr 7 

.. 

.. 

-

-
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STATIONTiiREE 

- 3.00 Assemble Central Half Barrel@ IRS Unit Total Run 
Task # Task Descrlpt. Hours Persons Phrs Quant. Ph rs Hrs 

3.01 Assemble Central Barrel Stand 5 5 25 1 25.0 5 
3.02 lnseect and Clean Fixtures 1 3 3 1 3.0 1 
3.03 Install Center Structural Tube 1 .5 3 4.5 1 4.5 2 - 3.04 Stage Module Groues 2 3 6 40 240.0 80 
3.05 Install Module Groues 3 4 1 2 40 480.0 120 
3.06 Install Electrical Insulator Film 8 2 1 6 40 640.0 320 
3.07 Install Outer Rings 8 4 32 2 64.0 1 6 
3.08 Install PMT assemblies 1 1 1 200 200.0 200 
3.09 Install Local Electronics 2 1 2 200 400.0 400 
3.10 Install Calibration S~stem 32 3 96 1 96.0 32 
3. 11 Comelete Local Thermal Control 4 2 8 40 320.0 160 
3.12 Comelete Local Electrical Circuit!):'. 2 2 1 40 40.0 80 
3.13 lnseect and Clean Assembl:t 1 6 2 32 1 32.0 1 6 

- 3.14 Install Shields 4 2 8 40 320.0 160 
3.15 Install Righting Fixtures 2 5 1 1 1.0 2 
3.16 Ue·Right Assembl:t 1 6 5 80 1 80.0 1 6 
3.17 Stage Assembly in Building 8 5 40 1 40.0 8 

Total for One Half Barrel 115.5 367.5 2985.5 1618 
Personnel Efficiency 1.50 2 
Estimated Personhours 4478.3 2426 
Person Years/Half Barrel 1794 Hr/Yr 2.50 1 
Number of Half Barrels 2.00 2 
Total Person Years Sta. 3 4.99 
StationThree Machine Years 2080 Hr/Yr 2 

-

ORNL 7·16·92 -



STATION FOUR 

4.00 Assemble End Barrel@IR5 

Task # Task Descript. 

4.01 Assemble End Barrel Stand 
4.02 Inspect and Clean Fixtures 
4. O 3 Install Structural Face Plate 
4.04 Stage Module Groups 
4. o 5 Install Module Groups 
4.06 Install Electrical Insulator Film 
4.07 Install Outer Rings 
4.08 Install PMT assemblies 
4.09 Install Local Electronics 
4. 1 O Install Calibration System 
4. 11 Complete Local Thermal Control 
4. 1 2 Complete Local Electrical Circuitry 
4. 1 3 Inspect and Clean Assembly 
4. 1 4 Install Shields 
4. 1 5 Install Righting Fixtures 
4.16 Up-Right Assembly 
4. 1 7 Stage Assembly in Building 

Total for End Cap Assembly 
Number of Assemblies 
Total for Station Four 
Personnel Efficiency 
Estimated Personhours 
Person Years 
Station Four Machine Years 

ST A TION FIVE 

Hours Persons 

5 5 
1 3 

1 .5 3 
3 3 
6 4 

8 2 
8 4 
1 1 
2 1 

40 3 
4 2 
2 2 

20 2 
3 2 
2 5 

1 2 5 
8 5 

1794 Hr/Yr 
2080 Hr/Yr 

Unit 

Phrs 

25 
3 

4.5 
9 

24 
1 6 
32 
1 

2 
120 

8 
1 

40 
6 
1 

60 
40 

285.5 

Quant. 

1 

1 
1 

1 2 
1 2 
1 2 
2 

60 
60 
1 

1 2 
1 2 
1 

1 2 
1 

1 
1 

Total 

Phrs 

25.0 
3.0 
4.5 

108.0 
288.0 
192.0 
64.0 
60.0 

120.0 
120.0 
96.0 
12.0 
40.0 
72.0 
1 .0 

60.0 
40.0 

1305.5 
2 

Run 

Hrs 

5 
1 

2 
36 
72 
96 
1 6 
60 
120 
40 
48 
24 
20 
36 
2 

1 2 
8 

598 
2 

2611.00 1195 
1.50 2 

3916.5 1793 
2.18 

1 

5.00 Assembly Fit-up@ IR5 Unit Total Run 

Task # Task Descript. Hours Persons Phrs Quant. Phrs Hrs 

5.01 Move Subassemblies to Fit-up Stand 40 5 200 4 800 160 

5. o 2 Install Wiring Harne~~L---·-············ ... - ... ?. . .Q __ ... _ .. ·-··-~----....... -~9-9 .... -··---~-.............. 1 .. §.Q.Q_. ___ :!_~.Q .... .. ······5:·il"3········operaiiCiria1 rest 4 o 3 1 2 o 4 4 8 o 1 so 
Total for Station Five 1 60 720 2880 640 
Personnel Efficiency 1 . 7 5 2 
Estimated Personhours 5040 1120 
Person Years@1794 Hr/Yr 2.81 

Station Four Machine Years 2080 Hr/Yr 1 

ORNL 7-16-92 
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- SSCL Person Years@1794 Hr/Yr 7 .49 
Off·Site Person Years@1794 Hr/Yr 30.24 

1 Shft - Station Requirements Machine Duration Mach. 
Years (Years) 1 Shft 2 Shft 3 Shft 

Station One 8.07 1.00 8.07 4.04 2.69 
Station Two 7.38 1.00 7.38 3.69 2.46 

1 Shft 
Station Requirements Machine Dura. 

Years 1 Shft 2 Shft 3 Shft 
Station }hree@ IRS 2.33 2.33 1.17 0.78 
Station Four@ IRS 0.86 0.86 0.43 0.29 
Station Five @ IRS O.S4 O.S4 0.27 0.18 

-

-

-
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Assembly Weighl: 550 Ml 

Out Rigger (Hoth Sides) 
Attaches to Middle and End Hings 

----1------r 

llaff Assembly Rail System 

.•:~~;i~.~~if ~M~~i~~![~~!~~~~it~~~t~r1:~111~~~if!J~,~~ft1n&11.tt~i{fill~~li\.1~1ifilWill~$i~fil~\f ; .. 
· · · · · · · · · · Fiber Calorimeter 

Central Barrel Assembly 
G.03.CU.032f Step 7: Remove Up-Righting Frame Rennich 

( c c • c • • c • • c 
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Assembly Weight: 1100 Mt 

i-------..,.----9.66 m -----------~ 

7.12 m 

----- I r, ::' 

i1t*~1tgl[~il!i~~1~11~~1~&~;1t~¥11~~t!~!~~~~!~i~~11iu~1;tm:t~tmm~11~i~t;lltt@4ii1foL 
Central Barrel Assembly 

G.OJ.CU.032g Step 8: Mate Barrel Halves Rennich 



Assembly Weight: 1100 Mt Halves Dulled al Center 

t+--------,-.---9.66 m --r---~------i 

7.t2 m 

A~W~~i~l*[~~l*if~~,~l{f::t1~:~~1:*~m1:~~!~!£~~~::1&Rm1w~t1~iI~i~~W;l,J~~~I~~~~~i[:m, 
Central Harrel Assembly 

G.03.CU.032h Step 9: Join Harrel Halves Rennich 

t • f • • f 4 4 • • f 
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Assembly Weight: 1100 Mt 
Center Support Ring-Allaches to Calorimeter Support 

Cabling !touted to Center 

Stainless Steel Clam Shell 

--.....u-- Shells Altach to Middle Support IUng 

K.7Jm 

::~~~l&iif 12i~~~'ii~~f ~~~~~f,~1t1~~~*~:i'!~~:~!\~~=*~&1~~iif1~:1ri:tili!l~i[!if:~IBilllill~ili~i~itt:1 .. 
Central Barrel Assembly 

G.OJ.CU.OJ2i Step 10: Install Center Ring Halves Rennich 
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X. 4 Installation 

The three subassemblies will be transponed from the assembly hall to the detector hall shafts and 

lowered into the detector hall. The first subassembly to be moved is the south end cap, which 

must be lifted across the nonh detector hall shaft and then transponed to the south shaft via the 

heavy load path west of the detector hall. The south end cap is then lowered through the south 

shaft onto a temporary rail structure which has been erected south of the detector central suppon. 

The end cap is then moved to about five meters from its final position and "parked". The barrel is 

lowered through the nonh shaft onto an identical rail structure erected nonh of the detector central 

suppon. Both rail structures attach to the central support. The barrel is translated on the rail until 

its south end projects far enough past the central suppon that a set of outriggers can be attached to 

the barrel's "nose". Such outriggers are attached, so that there are then three sets of outriggers on 

the barrel. Next the load is transferred from the center set of outriggers to jacks, the center 

outriggers are removed, and the load is then transferred to the newly installed outriggers. The 

barrel is then moved into position, followed by interactive load transfer, alignment, and fastening 

to the central suppon. Connection of barrel services, outrigger removal, and EM barrel /tracker 

installation (see section ???) then commences. After the EM barrel and tracker are positioned in the 

hadron barrel, the nonh end cap can be moved to the nonh shaft, lowered, and translated along the 

rail to a location opposite the south end cap position if there is sufficient manpower to do so. EM 

end caps are then aligned to and fastened to the hadron end caps, and the end cap assemblies 

moved into final position. The interactive alignment, load transfer, and fastening of the end caps 

to the barrel is completed, and end cap services are then connected. 

Manpower 

TBD 
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Magnet tests completed 
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Open magnets; construct rail structure; 
lower south fiber endcap. 
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Disassemble unneeded south rail structure; 
lower fiber barrel; move fiber barrel into 
central support 
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Align fiber barrel; transfer fiber load lo central 
support; detach fiber outriggers; lower UaF2 barrel; 
prepare fiber barrel for BaF2 barrel insertion 
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Join installation beams; position BaF2 barrel 
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July 16, 1992 

S,2.2,S.2.4 GEM Scjntillatjng Fiber Hadron Calorjmeter Cost Estimate 

The spaghetti hadron calorimeter cost is based on the design shown in the figures 

listed in Section 4.0, Design Drawings. Parameters for this design are provided in 

Section 2.0. The cost estimate is given in the anached spreadsheet and is reviewed below 

item by item, first by vertical column and then by line. 

COLUMN EXPLANATIONS 

Engineering/Design 

Three composite rates are used for engineering and design as shown in the 

anached Composite Labor Rate spreadsheet. The rates are for R&D, complex design and 

standard design. The standard design is applied primarily to fixtures and structures while 

the complex rate is used for special items. 

M&S Material 

A constant rate of 10% is used for material support to the engineering. This 

includes travel, computer support and other miscellaneous items. The exception to this 

rate is in the R&D where prototype equipment is also listed. 

Inspection/ Administration 

Two types of inspectors are expected to be employed as shown in the anached 

Composite Labor Rate spreadsheet. First, a Dallas average rate is used for industrial 

inspection of commercial procurements. A second Dallas area rate is used for special 

purpose inspections where a specific knowledge of the component or assembly will be 

required. 



Procuremenr/Fab 

The cost of procurement and fabrications are explained below by line item. 

Installation/Assembly Labor Rates 

The Scintillating Fiber hadron calorimeter towers are assumed to be constructed 

in a shop away from the SSCL. The average rate for the shop labor was determined as 

shown in the attached Composite Labor Rate spreadsheet 

Assembly work at the SSCL is assumed to be performed by Dallas area Job/shop 

labor according the attached breakdown. 

Installation is expected to use SSCL Davis-Bacon labor at a composite rate shown 

in the attached installation plan. 

-
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- Composite Labor Rates 

Fiber Hadron Calorimeter 
Computation of Labor Rates -
t.ngineering-1....omplex and :standard 

National Laboratory Complex Standard 
Catagory Rate ($K/PY) 
Manager 233 
Engineer/Physicist 161 1 1 
Designer/Coordinator 118 1 
Senior Technician 118 
Junior Technician 108 - Craft 84 2 

Composite Rate 139.S 109.7 

Subsystem Managment -
National Laboratory 
Catagory Rate ($K/PY) Ratio 
Manager 233 o.s 
Engineer/Physicist 161 1 -
SSCL Average Shop Rates 

Rate ($KIPY) 
Engineers 69 1 

Composite Rate 138.6 

R&D Engineering 

National Laboratory - Cata gory Rate ($K/PY) Ratio 
Manager 233 0.5 
Engineer/Physicist 161 1 
Designer 118 1 

National Average Rates 
Rate ($K/PY) 

Engineers 118 1 
Designer 62 1 

- Composite Rate 127.9 

- Page 1 7/12/92 



Composite Labor Rates -
Fabrication of Towers 

National Avg. Rates Crew .. 
Rate ($K/PY) (Ratio) 

Ex. Management 153 o.s 
Engineer 118 0.5 
Forman 62 2 
Precision Production 75 1 .. 
Technicians 49 12 

16 
Composite Rate 57.66 

Assembly of Towers -
Dallas Area Rates Crew 

Rate ($K/PY) (Ratio) 
Engineer/Supervisor 90 1 
Junior Technician 34 2 .. 
Senior Technician 48 8 
Precision Machinist 74 1 
Electrician 57 1 
Pipe fitter 41 1 
Rigger 46 2 
Crane Operator 51 1 .. 

17 
Composite Rate 50.41 

Tower Manufacturing Inspection -
Dallas Job Shop Crew 

Rate ($K/PY) (Ratio) 
Engineer 90 I 
Senior Technician 44 I 
Weld Technician 44 2 .. 

4 
Composite Rate 55.50 

Assembly/Beam Test/Install. Inspection -
Dallas Job Shop Crew 

Rate ($K/PY) (Ratio) 
Engineer 90 I 
Senior Technician 44 I 

2 -
Composite Rate 67.00 

Page 2 7112/92 -
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LINE ITEM DESCRIPTIONS 

CONSTRUCTION WBS 5.2.2.5.0.2.4 . 

. I Tower Components 

The Tower Components category includes the cost of designing, inspecting and 

procuring the materials to fabricate the fiber calorimeter. 

Items 1.1, 1.2, l.3 

Include the materials for the copper towers as shown in the attached spreadsheet 

for materials. The cost of the free machining brass and copper tubing is based on the 

actual cost of the prototype material used at Boston University. Future volume price 

reductions arc expected to be off-set by special flatness , composition or thickness 

requirements. 

Item 1.4 Tower Fabrication 

The blocks will be fabricated in accordance with the manufacturing plan provided 

in Section .6.1. The objective of the spaghetti design is to produce the tower modules off 

site to make use of an efficient specialty or low rate shop. The labor hours in the cost 

estimate correspond with the labor shown in the cost estimate. The tower fabrication 

method and hours correspond directly to the methods used to fabricate the prototype 

towers at Boston University. 

Item 1.5 Fiber 

The cost of scintillating fiber is quoted at $.76/Meter. The price quote is attached. 

This price has been achieved for similar physics experiments in much smaller volumes. 



Item 1.6 Shielding 

Shielding is installed on the completed calorimeter to isolate it from the 

surrounding environment. The shielding will be grounded to act as a faraday cage, it will 

the strong enough to permit personnel to stand on the calorimeter and it will include a 

thin layer of thermal insulation to resist temperature excursions. The cost estimate is an 

approximation based on "Ex pen Opinion" since a detailed layout has not been prepared. 

Line 1.7 Readout Assembly 

The readout assembly costs are shown in the anached detail spreadsheet. It 

includes the structural components to terminate the fibers, suppon the PMT, light mixer 

and filters. The assembly will incorporate a small heat exchanger to remove the heat 

generated by the preamps, the heat exchanger cost is included under Thermal Control. 

The light mixer cost is based on the prototype mixer costs paid by Boston University. 

The installation of the readout fibers and installation of the readout assemblies are 

costed in section 2.4.2 . The readout assemblies will be manufactured by the commercial 

vendor using automated NC production equipement due to the high volume of identical 

peices. 

Line 1.8 Calibration Loops 

Calibration will be performed periodically on all towers by moving a source down 

the lenght of each mechanical tower and comparing the readout response of each physics 

tower with pervious values. The source will be transponed inside stainless steel tubes 

installed in all of the towers by a remotely operated piezoelectric actuator with 

displacement feedback. Each of the 104 modules will have a single wire drive with a 

feed actuator and a rotary actuator which will feed the wire to tu bes for each tower imhe 

module. The cost for the calibration loops is shown in the attached spread sheet. The 

cost of installing the calibration systems on each modules is shown in the module 

assembly labor section 6.2. 
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WBS 

2.4.1.7.2 

2.4.1.7.3 

2.4.1.7.4 

2.4.1.7.5 

) ) 

Scintillating Fiber Hadron 
PMT Frame/Light Gulde Costing 
WBS 2.4.1.7 

Element Description 

Readout Suooort 
Bracket Aluminum 
Clamps Aluminum 

PMT Frame 
Fiber Clarno Aluminum 
Spacer Aluminum 
Collet Jaws Molded acrvllc 
Photonlcs Adapter Aluminum 
Spacer Rina Aluminum 
Collet Screw #6-32 
Clam11 Screw #3-48 

Liaht Mixer Molded acrylic 

Fasteners 
1/2 in X 3 
1/2 in X 1 

Total 

Quant. 

2 
5 

1 
1 
6 
1 
1 

12 
6 

1 

4 
10 

All Metallic componenls are 304L stainless Steel 
Fasteners are a non-magnetic metal 

ORNL 7·13·92 

. ) ) ) . ) 

Unit Costs Total Costs 
Units Unit Cost Total Quant. Total 

$25.25 996 $25.2K 
ea $9.50 $19.00 
ea $1.25 $6.25 

$10.96 4680 $51.3K 
ea $6.75 $6.75 
ea $1.25 $1.25 
ea $0.10 $0.60 
ea $1.75 $1.75 
ea $0.25 $0.25 
ea $0.03 $0.36 
ea $0.05 $0.30 

ea $25.00 $25.00 4680 $117.0K 

$3.20 998 $3.2K 
ea $0.25 $1.00 
ea $0.22 $2.20 

I $196.7K I 



On-board l..~.ib. Cost 

GEM Detectors 
Fiber Hadron Calorimeter 

On-board Calibration System 

WBS: 2.4.1.8 

WBS Item Description Quant. Unit Units Module Modules Mal'I 
Cost cost Cost 

2.4. 1.8. 1 Drive Assembly 1010 104 $105K 
Piezoelectric Actuator Feed 1 100 each 100 
Piezoelectric Actuator Rotator 1 100 each 1 00 ......................................................................................................................................................................... _.,., ............................................................................................................................................................. . 
Mounting Frame 1 125 each 125 

.................................................................................... .!..~.k.!l:lJ.P. .. f.!.~~I... .................................................... L ................... ?..~.0. ................. ~<.W~ ................. ?.~.Q .......................................................... .. 
Wire 1 50 each 50 

.......................................................................................... ~!r.!! .. Iti.~!1:5. ............................................................... !l ....................... 1.?. .................. !!~~'-1 ................. ~!!.Q ............................................................ . 
Cesium source 1 2 5 each 2 5 

2.4.1.8.2 Electonics 800 104 $83K 
Motor Controllers 2 150 each 300 

O•OO••<o•oooOoooooO•oooooooooooooooooooo,ooooooo•oo•OOOOOOOOOOOoOooOoooooo••oo••··········•••••••M•••••••••••••••••••••o•o•••••••••OOO•OO•••••••o•o•••H•••••••••••••••••••oo•o•••ooOOO>••••OOO•O•O•o•o••ooo•o•••oooOoOOOO••••••••••••••••••H•••••••OOOO•OOooOHoO•••••••O•OOOOOooo•••••••••••o••••••••• .. ••••••••••••••O•OOOOOO•O•••••••• 

Position Encoder 2 200 each 400 
Cabling 2 50 each 100 -

Unit Total 
Hrs No. Ph rs Total Units p( 

2.4.1.8.3 Labor (Out-board onl•t) 28 104 1.65 
See Note Install Cabling 6 2 12 

Install controls 6 2 12 
Check-out 2 2 4 

Note: On-board labor is included in the module assembly labor catagory 

ORNL 7-16-92 
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Line 1.9 Structural Components 

Structural componentS are costed in the attached detail sheet. Components 

include the local structure for the central barrel row modules, end cap structural frame 

and the outer support rings which are installed after the modules are inplace in each 

subassembly. 

This item includes all structure and assembly required to join the modular towers. 

The structural configuration for the Spaghetti system is designed to provide the maximum 

access to the outside of the calorimeter at a penalty of additional material and cost. The 

access will provide more efficient maintenance for a majority of the system. 

The primary structural support for the spaghetti calorimeter will be provided by 

the outer support rings. The rings will interconnect the modules and joint the 

subassemblies to the short barrel which in rum will transfer the load to the calorimeter 

support. 

Inner ribs are required on each central barrel row module in order to maintain the 

best possible tolerances between assemblies and, thus, limit the amount of gap between 

sense towers. The current goal is to maintain a tolerance of 2 mm overall. 

The structure costs are based on a cost per pound basis since the structural design 

is still preliminary and the engineering drawings are not adequate for estimating. 



Materia • ..,osts 

Scintillating Fiber/Copper Material Costs 
Total 

V<A3S Cost 

Central Barrel Modules 560 $9,342 $5,232K 

1.1.1 Module Blocks Unit Cost Units Quant it~ Overage 

Brass Plate 77Cu/20Sn/3F !4.50 Kg 1,852 20% $~_,.!!35 
Glue ~110.20 Kg 2 20% $264 
Tubing 1/8 in Dia $3.80 Kg 196 15% $743 

EndCapTowerModutes 188 $8,345 $1,569K 

1.2/.3.1 Module Blocks Unit Cost Units Quanlily Overage 

________ .!l!~~~£la1e_ ___________ ?JC.\!!~Q_Sn/;!E.__j4.5.Q_ ___ ~g_ ___ 1.L~4_~ ____ ?_Q.'.'/~----~!.!1!.~------·--·-
____ .Glue $110.20 Kg 2 20°~o __ ~$_2_6_4 _____ _ 

Tubing 1/8 in Dia $3.80 Kg 174 15% $662 

. 1.4 1.5 mm dia Fiber ro $0.76 M 4,355,022 10% $3,641 K 

.3.1 PM T's Hama. R2490 $580.00 Each 4,680 $2,714K 

.3.2 Local Electronics 4680 $50 $234K 
Unit Cost Units Quanlil~ Overage 

Labor ~26.15 Hr 0.5 $13 
Pream~ $25.00 Each 1 $25 
Connectors/Wire $12 

page1 7-15-92 
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Materia1 vOStS 

Scintillating Fiber/Copper Material Costs 

'MlS Item Description Unit Cost Units Quantity Cost Total 

1.9 Barrel Structure $1,375K 

External Ribs St. SI. Plate $16.00 Kg 12,860 $205,760 
____ E_ndRings St. St. Pl<!!e $16.00 Kg 4,310 $1!__8,~9_6_0 ____ _ 

Middle Rings St. St. Plate $16.00 Kg 9,420 $150,720 
MembraneRing St. St. Plate $16.00 Kg 7,020 _!_!.!£.,.320-"-----
lnternal Ring Aluminum $12.00 Kg 210 $_?,_,_,5""2"'""0""-----

________ lflternal Tube AlumJ!l.!!-"-1 $12. 00 K.9 ___ ~,!l.~_Q ________ li~ . .!!~Q _______ _ 
____ Ex~ternal Tube St. St. Plate $16.00 Kg 48,210 $771,360 

PMT Bracing Aluminum $24.00 Kg 700 $16,800 
86,590 

1.9 Two End Cap Structures $437K 
External Ribs St. St. Plate $20.00 Kg 9,210 $184,20_0 _____ _ 

_____ E_x_te_rnalRing St.St.Plate $16.00 Kg 4,310 $68,960 
Forward Ring St. St. Pl~te $16.00 Kg 9.t..'!.?.Q. ________ l.1.§..Q .... :~.?_!l _________ , 
Face Plate Al!Lf!!!!!um $12.00 Kg 1,840 ~2_?..._080 _____ _ 
PMTBracing Aluminum $24.00 Kg 470 $11,280 

25,250 

.6.0 Assemblz:. Eguipment $224,000 $224K 

Cent. Bar. Outriggers Struct. Steel $10.00 . Kg 7500 $75,000 

End Cap OneOut Riggers Struct. Steel $10.00 Kg 5000 $50,000 

E.G. Two Outriggers Struct. Steel $10.00 Kg 5000 $50,000 

Rollers $2,000 Ea:h 1 2 $24,000 

Assembly Rails Struc/. _fJ_t(J_e/ ___ ~5. 00 __ _l<g ____ 5000 $25,000 

page2 7-15-92 



Shipping Costs 

GEM Detector 

Scintillating Fiber Hadron Calorimeter 

Shipment of Towers 
WBS 2.4.1.4.3 

Container 
Freight $0.22 

Material Costffower 

Total Tower Material Cost 

Total Shipping Material Cost 

Laborrrower 

Total Towers 

Total Shippinl? 
Total Shipping 

Shipment of Structure 
WBS 2.4.1.9.4 

KG 1727 

1794 PY/Yr 

Structural Rings (Oversize shipments) 

Freight $500.00 Mg 30 
Packagin~ $1,500.00 each 8 

Labor 80 PH 8 

Ring Shipping Cost 

Miscell Structure (Re2ular shipments) 

Freight $220.00 Mg 82 
Packaging $500.00 each 8 

Labor 100 PH 8 

Miscell. Shipping Costs 

Total Structural Shipping Costs 

ORNL 7/15/92 

Hours 

... 

.. 

$100 
$382 

$482 

936 -
$451K 

2 

936 -
1872 
1.04 

-

.. 
$15K 
$12K 
$21K 

$48K 

$18K -$4K 
$26K 

$48K 

-$97K 

-



-

-

.. 

-

-

-

-

-

-

2.0 Module Assembly 

Lines 2.1, 2.2, 2.3, 2.4 Assembly Stations 

The assembly of the individual modules is shown by stations. A detailed listing 

of the labor operations for each station is shown in Section 6.2. The assembly fixturing is 

a shown in the attached spreadsheet. The number of fixtures required is based on the 

machine hours estimate provided with the manpower estimate. Figures of most of the 

fixtures are shown in Section 6.2 

Line 2.5 Assembly Equipment 

Miscellaneous assembly equipment not specifically covered by the individual 

stations is included in this category. 



WBS 

Sclntlllatlng Fiber Hadron Calorimeter 
Assembly Fixtures and Tooling 

Equipment Quantuy Unit Cost Total Cost 

STATION ONE 
2.42.1.2 Module Row Assembly Stand 4 SISK S60K 
·2:4::z:T~:r ........... Moiiiile."RowTi"ftilig··fiE<iiire .................... :r······-......... sTsic ............. s3oi( ....... . 
2.4.2.1.4 Module Lifting Fixture 4 S5K S20K 

................................ STATION""fwo""""""""""""" ................................................................................................... . 

2.4.2.2.2 Module Assembly Stand 7 SIOK S70K 
2.4.2.2.3 Module Lifting Fixture 2 S5K SIOK 

STATION THREE 
2.4.2.3.2 Ceniral Barrel Assembly Stand S450K S450K 

:z.~:~:~::3.;:3.::::::::::::~~~l.ii:fr:QP.::"R.:i:~~~i.ii:S.}:1:~:§:~~~:::::::::::::c::::::::::::::~s.1.9.Q:~:::::::::::::s.1.:®.~:::::::: 
2.4.2.3.4 Module Row lnsenion Fixture I S50K S50K 
2.4.2.3.5 Personnel Platforms I S!OOK SIOOK 

................................ sfA:fi"i5Fffiouif" ................ - ..... - .... - .................................................................... .. 
2.4.2.4.2 End Cap Assembly Stand I S350K S350K 

.. ~~.~:~:.~ ............. Y.P..:~.~~.~.i:!~.!'.~~l ... _ ............ __ 1 .......... _.~.!~.!S ............. ~.!.QQ~·-·-
2.4.2.3.4 Module lnscnion Fixture I S50K S50K 
2.4.2.4.5 Personnel Platforms I SIOOK S!OOK 

................................ sfA:fi"i5Fi""fif¥E .................................................................. - ........................................... . 

2.4.6.2 Cent Barrel Outriggers I S75K $75K 

.. ~::::?.:.~ ................ ~~-9.P. .. 9..i:!: .. 9.!!.~.s.~.~.~ ..... _._ .......... L .................. ~?..Q~ .. ----.. ~.?..~!S ..... _ 
2.4.6.4 End Cap Two Outriggers I S50K S50K 
2.4.6.5 Rollers I S24K S24K 
2.4.6.6 Assembly Rails I S25K S25K 

GENERAL USE EQUIPMENT 
2.4.2.5.2 Clothing I S50K S50K .. :c.rz:-.sj········-··fiffier·"tiliiilig··M·iicililie ................................ T" ................. s:s·oY< ................ ssoK······ .. 
2.4.2.5.4 Dimensional Inspection I SSOK S50K 
2.4.2.5.5 Fiber End Finishing Machine I SIOOK SIOOK ·2:::1:r:s·K .......... "tieiiii1lig .. siljii?ries ......................................... T" ................. s5oK··-........... s50Y<·---
2.4.2.s.1 Tools I S!OOK SIOOK 
2.42.5.8 Temporary Use Items I S200K S200K ·2:4.2.s:9·--··-·For"ii''i''ruck"R:eliiai .......................................... :r .................. s25i<·-··-·-s1:s1c·-··· 
2.4.2.5.10 Handling Cans (10 to 100 D 5 SISK S75K 

.. - .......................... fo"iiif ................................................................................................................. s2";'!64K··-· 
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3.0 Electr0nics 

The bulk of the electr0nics costs are included in a separate section of the cost 

estimate. Only the local electronics up to the preamp are costed under calorimetry . 

. 3.1. Photo multiplier Tubes 

The Pmt's are costed based on existing technology Hamamatsu 2490. The cost of 

$580 ea. is based on a verbal quote from Hamamatsu. Boston University has reviewed 

the PMT specifications and has requested a revised, written quotation. 

.3.2. Local Electronics 

The cost of electr0nics, wiring, base and connectors is fixed at the standard 

$50/channel. A detail spreadsheet of the cost breakdown is attached. 

.4.0 Thermal Control 

A significant amount of electronics will be distributed to the tower readout area of 

the calorimeter. The proposed system of liquid cooling is similar to that used in the L3 

BGO system. The cost for the system is shown in the attached spread sheet. Some of 

the installation labor is included in the assembly labor (Section 6.2). The total cost of this 

system is similiar to the final cost of the L3 cooling system with adjustments for size and 

inflation. 



( t 

WBS 

BaF2 Therma. -ontrol Cost 

GEM Detectors 
Fiber Hadron Calorimeter 
Thermal Control System 
WBS: 

Item Description Quant. Units Unit Cost Tot. Cost 

Heat Exchangers Copper Pads With Bonded Tube 1872 each $25 $47K 

...................................................................... h.'1.~Q.r .................................................................... ! .. ~?..? ........... 1:1!~ ................ l~.? ................. l.1?..1..~ ........ . 

................................ .P..iP.!!!9 .............................. gQ.P..1?.l!.!.!?..!~t!i.l>.u..!ig.11 .. !:!.~.!!!!~rn ................. ~ .. l? ............ !!.<1~~ .......... ~.?.,.?..Q9. ................ ~.~.o..~ ........ . 
Plastic hose connectors 1872 each $5 $9K 

................................................................................ ~'1.~Q.f ...................................................................... !? .. ~..1..1? ........... l:l!~ ................ ~.~.? .................. ~J.~.? .. ~ ...... . 

.............................. ~<>.!J.li.ll9 .. §Y.~!.~.~ ....... g.'?.~!rl~!!i.i'l.! .. W.'1\~.!.9.Qg.!!!J9 ....................... 1... ............ ~'1~~ ....... ~.1.0..9. .. .Q9..Q ........ ~1 .. Q9.~ ...... . 

Tola/ 

t ( 

Labor 6000 Hrs $32 $194K 

(
Total Labor 13488 Hrs 

7.62 PY 
------------- --

ORNL 7-14-92 
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5.0 Beam Testing/Calibration 

The testing category covers operations associated with operational beam testing 

and system evaluation, exclusive of normal quality assurance and fabrication inspections. 

A detail of the beam test requirements are attached. The beam test operations assume that 

the physics labor is provided by collaborating institutes. The beam test plan was prepared 

by Boston University. 

6.0. System Assembly 

This category includes all the labor and equipment to assemble the three 

subassemblies into a complete assembly. A detail of the assembly operations and 

equipment is tabulated for Station Five as shown in Section 6.2. At the end of the 

assembly process the calorimeter is ready for beam testing and final installation in the 

experimental hall. The assembly process will be performed at the SSCL. 



• • 

Beam Teb • ..;osling 

Scintillating Fjbcr Hadron Calorimeter 

0.2.4.5 Beam Test Plan 

WBS Quantity Test Cost Total 

.0.2.4.5.1 Individual Tests 30 $4,570 $137.10K 

Test Duration: 100 Hrs ................................................ -............................................................................................•..... -...•.. -................................................................................................................ . 
llem Cost Unit 

··················································-········· .. ··· ...... .l.r:i!>.t.'!.l!'l.!i2r.! ... L. .... l?.?..:.~ .. ! ...... !:!r ........ -..... -.................... ~.§ ............... l?,.~.!.8. ............................................... . 
Test labor $38.38 Hr 4 8 $1,842 

...................................................................... ~e..?.n.:i.!!r.i.e. .. f.! ........... ~.'?.:.Q.Q .... .!:'r. .................................... ?..? ..................... lQ .................................................... . 
Material $250.00 Each 1 $250 

.0.2.4.5.2 rower Test Fixture $500.00K 

.0.2.4.5.3 Test Electronics/Cabling $125.00K 

Electronics $500.00 ea 200 $100,000 

Set-up $25,000 

.0.2.4.5.4 Physics Towers $42,553 Ea 1 6 $680.85K 

.0.2.4.5 Detector Testing Total $1,442.95K 

Total Manhours= 4320 Hr = 2.44 Pf 
·····················································•··································································································•···•···•··········•···································································································· 

Avg. Rate= $30 .00 $/Hr = 53.10 $K/Yr 

Notes: Tests to be performed al the SSCL 
Tests performed by SSCL employees 
Test Team composed of: 2 Pers/Sh fl 
(Engineer/Physicists) 
Duration of Average Test Will be: 72 firs 
Installation of modules will require: 24 firs 
Removal of Modules will require: 8 Hrs 
Install/Removal Team composed of: 3 Persons 
(Senior Technicians) 
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7. 0 Installation 

This category includes Labor and equipment required to install the completed 

calorimeter in the experimental area. The calorimeter has been designed to be installed in 

four completed subassemlbies . The modules will be rolled into the suppon tube on a 

very large temporary rail system. 

The installation process is shown in drawings included in Section 6.2. 

7.1 Labor 

The assembly operation labor is tabulated in the attached spreadsheet. The labor 

is assumed to be SSCL local area Davis-Bacon labor. 

7 .2 Installation Equipment 

.2.1 Installation Rails 

The rail system is calculated to weight approximately 600,000 lbs. It will be 

fabricated from structural steel and assembled in place. The assumed cost of the structure 

including fasteners is $1.50/lb. 

.2.2 Cencral Barrel Lifting Fixture 

A special lifting fixture will have to be designed and constructed to match the 

cencral barrel with a heavy lift crane. 

.2.3. End Cap Lifting Fixture 

A special lifting fixture will have to be designed and constructed to match the End 

Caps with a heavy lift crane. One fixture will be used for both end caps. 



.2.4. Temporary Bracing 

Temporary bracing will be required during the installation operations to 

maintain a balance of the assembly. 

.2.5. Crane Rental 

A special crane will be rented to install the three large components in the 

underground hall. It is assumed that the crane will be used for the magnet halves and 

membrane as well. 

.2.6. Module Pusher 

Special hydraulic tractors will be required to move the assemblies along the track. A pair 

of linked hydraulic push cylinders will be capable of performing the task. 

-

-

... 

-

-

-

-

-

-

-

-
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Installation Manpower-Soaghetli Hadron Calorimeter 
WBS: 2.4.7.l 

l'crsonncl No. Duration Service Time Total !lours 
Months Mil/Month 

Millwriehts 4 4 173 2768 
Electrician 4 9 173 6228 
Crane Operator I 9 173 1557 
ltigeer 6 7 173 7266 
l'ipe Filler 4 6 173 4152 

Total 19 21971 
l'erson Years 2080 llrsNr 10.56 
Yearly nate $55.85K 

) 

Hourly Rate 

23.76 
31.74 
28.32 
25.81 
22.86 

132.49 

Mark Rennich/Oak Ridge National Laboratory/5-21-92 

, , I , 

Cost 

$65,768 
$197,677 
$44,094 

$187,535 
$94,915 

$589,989 



Scintillatina Fiber Hadron Calorimeter Installation Eauioment 

WBS Equipment Quantity Weight Units Unit Cost Cost 
2.4.7.2.1 Installation Rails 1 600000 Lbs $1.50 $900K 
2.4. 7 .2.2 Central Barrel Lift Fixture 1 100000 Lbs $4.00 $400K 
2.4.7.2.3 End Cap Lift Fixture 1 50000 Lbs $4.00 $200K 
2.4.7.2.4 Temporary Bracing 1 150000 Lbs $2.00 $300K 
2.4.7.2.5 Crane Rental 1 Ea $250.00 $250K 
2.4.7.2.6 Transport Pusher 2 Ea $50.00 $100K 

Total $2,150K 

Oak Ridge National Laboratory/6-22-92 

t • • • • • • • • • • 
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8.0. Subsystem Management 

8.1 Project Management 

A single project engineer is assumed to be employed throughout the 7 year life of 

the project The engineer will be responsible for coordination of schedules, budgets and 

integration. 

8.2 Resource Management 

The resource management will be a full time job for one person during the 3 years 

of peak production and fabrication. 

8.3 ES&H 

Pan-time environmental, safety and health specialist will be employed by the 

resource manager to write and coordinate ES&H documentation and planning. 

8.4 Quality Assurance 

A full time QA coordinator will be employed to write and enforce the quality 

assurance procedures during the peak production period. The QA functions will be 

assigned to the resource manager and project manager during the off-peak periods. 

Commercial vendors will provide additional QA suppon. 

8.5 Systems Integration 

Systems Integration will be a pan-time job for one engineer during the 7 years of 

design, fabrication, installation and stanup. 



Scintillatin2 Fiber Calorimeter 
Cata2ory Distribution 

Catagory Estimate Fraction 

Research & Devel. $3,479K 10.9% 

EDIA $9,994K 31.4% 

Construction $31,803K 

Contingency $12,083K 28.9°/o 

Total $57,358K 

ORNL 7-17-92 
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Fiber Hadron Calorimeter 
GEM Detector 
Cost Catagory Breakdowns 

By WBS Catagory-Construction Only 
2.4.0 

·2·:4-:1·1=0;;:.-er-cCiiTI"PCiiiari·iS-···-$·2-1·~52·7i<·--

.?.:.~;?. ....... ~~9 .. i:'! ... ~~~~-~-~-~r... ........... ~.~-:.~.9.~.~-..... . 
2.4.3 Electronics $4,768K 
2.4.4 Thermal Control $1 ,413K .......................... _, ............................................. -.......................... .. 
2.4.5 Beam Test/Calib. $1 ,564K 

.?.:.'.'..:.?. ........ !?..~!.~.~-~~~---~.!!:.~.e ................. ~.~ .. :g.~-~-~-····· 
2.4.7 System Installation $5, 781 K 
2.4.8 Subsystem Manag. $3,248K 

Labor Distribution 
Percent 

Engineering 19% 
Management 7% 
Inspection 12% 
Tower Fabrication 33% 
Assembly 20% 
Detector Fit·up 1% 
System Installation 7% 
Beam Testing/Cal. 1% 

Total 100% 

Cost Distribution by Column 
Percent 

Engineering/Management 16% 
M&S Material 5% 
Inspection 3% 
Procurement 42% 
Assembly Labor 12% 
Installation Labor 2% 
Contingency 21% 

ORNL 7-17-92 

PY 
42.65 
15.00 
25.95 
72.85 
43.14 

2.81 
15.76 

2.44 

220.59 

Cost 

$9,111K 
$2,819K 
$1 ,543K 

$24,273K 
$6,650K 

$880K 
$12,083K 

$57,358K 
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4 

• 
• 
5 

• 
6 
6 
6 

• 
• 
5 
6 
6 
6 

6 
6 

5 
6 
6 
6 

5 

6 
6 
6 
6 
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V.!IS 
5 2.2.S llem 

SCltrnllATING ABER HADROI 
CALORIMETER 

Tolals 

0 .2.4 0 CONSllUJCllON 

0 .2.4 0 Tower Comnonenls 
0 .2.4 . I . 1 Cenlral Barrel 

0 .2.4 .1 .2 End Cap On• 

0 .2.4 .1 .3 End Cap Two 

0 .2.4 .1 .4 Tower Fabflcallon 
0 .2.4 .1 .4 .1 Fabrication Labor 
0 .2.4 . 1 .4 . 2 Fabrlcallon Equipment 
0 .2.4 .t .4 .3 Shipping 

0 .2.4 .1 .5 Fl be re 

0 .2.4 .1 .I Shfeldlng 

0 .2.4 . 1 . 7 Readout Assy 
0 .2.4 .1 .7 .1 Readout Assembly general 
0 .2.4 .1 .7 .2 Readout Suppor1 
0 .2.4 .1 .7 .3 PMT frame 
0.2.4 .1.7.4 llghl Mixer 
0 .2.4 .1 .7 .5 F••l•n•r• 

o .2.4 . 1 .a Callbrallon Loop• 
0.2.4.1.8.1 Drive Assembly 
0 .2.4 .1 .8 .2 Elechonlca 
O .2.4 . I .I .3 labor 

0 .2.4 .1 .9 Slruclur• 
0.2.4.1.9.1 Structure Assembly 
0 .2.4 .1 .9 .2 Barrel Componenla 
0 .2.4 . 1 . g . 3 End Cap Compon•nl1 
0 .2.4 . 1 . g .4 Shipping 

E 
Labo< 

my 

n 

SI 

11 
2.0 

1.0 

1.0 

2.5 
0.0 
2.5 
0.0 

0.3 

1.0 

2.5 
2.5 

3.0 
1.0 
2.0 
0.0 

3.0 
3.0 

) ) ) ) ) ) ) ) 

Scjntilllltiog Fiber Hadron Calorimeter WBS Costs 

des ion M&S ......, .niDnlAdmin P,odfab A&sembl lnslallalion 
Raio Total Male1ial labo1 Raio Tolal Material Labo< Raio Sublotal Malarial Total labor Raio Subtotal Mai.rial Tolat 

kS/mv k$ kl my k$1mv u >S my k$1mv k$ k$ kl my kSlmv •s >S u 

9111 2819 28 1543 24273 121 8650 0 6650 16 180 0 810 

7172 821 26 1543 24273 121 6650 0 6650 16 880 0 880 

1783 178 14 744 15587 73 4174 0 4174 2 92 92 
110 219 22 0.5 56 28 5232 

110 110 I I 0.2 56 11 1511 

110 110 11 0.2 56 11 1511 

274 27.4 9,0 499.S 1201 72.I 4174 4174 
0 0 0 8.0 56 4H 0 72 57.66 4140 4140 

110 274 27 1.0 56 56 750 
0 0 0 0.0 0 0 451 I 33.00 ,. 34 

110 27 3 0.5 56 28 3&41 

110 110 11 0.3 0 0 500 

274 27 1.0 56 197 
110 274 27 1.0 56 56 

0 0 0 0.0 0 0 25 
0 0 0 0.0 0 0 51 

117 
3 

329 32.9 1.0 S& 55.5 111 1.6 91.9 92 
110 110 I I 0.3 S& 14 105 
110 219 22 0.3 56 14 83 
110 0 0 0.5 56 28 1.65 55.85 92 92 

329 32.9 1.0 55.S 1471 
110 329 33 

0 0 0 0.5 56 28 1375 
0 0 0 0.5 56 21 437 
0 0 0 0.5 56 28 97 

Page 11 onNL 1111192 
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5 
6 
6 
6 
6 

5 
6 
6 
6 

5 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 

s 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

4 

5 
5 
5 

4 
5 
5 
5 

4 
5 
5 
5 

( 

0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

0 .2.4 
0 .2.4 
0 .2.4 
0 .2.4 

.2 

. 2 . 1 

. 2 . 1 . 1 

. 2 . 1 .2 

.2 . 1 . 3 

.2 . 1 .4 

.2 .2 

. 2 .2 . 1 

.2 .2 .2 

.2 .2 .3 

.2 ,3 

.2 .3 .1 

.2 .3 .2 

.2 .3 .3 

.2 .3 .4 

.2 .3 .5 

.2 .4 

.2 .4 . 1 

.2 .4 .2 

.2 .4 .3 

. 2 .4 .4 

.2 .4 .5 

.2 .5 

.2 .5 .1 

.2 .5 .2 

.2 .5 .3 

. 2 .5 .4 

.2 .5 .5 

.2 .5 .8 

.2 .5 . 7 

.2 .5 .8 

.2 .5 .9 

.2 .5 .10 

.3 

.3 . 1 

.3 .2 

.3 .3 

.4 

.4 . 1 

.4 .2 

.4 .3 

.5 

.5 . I 

.5 .2 

.5 .3 

( 

Assemblv 

Slallon On• 
Station One Labor 
Mod. Row Assemlby Stand 
Mod. Row Llhlng Flxlure 
Module lifting Fhllure 

Slallon Two 
Slallon Two Labor 
Modula Assembly Sland 
Module llltlng Flxlura 

Stallon Three 
Slallon Three labor 
Central Barrel Ass. Sland 
Ass. Up-Rlghllng Fix. 
Mod. Insert Machine 
Personnel Plallorms 

Slallon four 
Slallon Four labor 
End Cap Assembly Stand 
Up Righi Flxlurlng 
Mod. lnsor1 Machine 
Personnel Plalforms 

Assomblr equlpmonl 
Gen. Assomblr labor 
Fiber Cutting Machine 
Olmonslonal Inspection 
Fiber End finishing Mach . 
Tools 
Cleaning Suppollos 
Tools 
Temporary Use Uoms 
Fork Truck Ronlal 
Hand. Carls (10-100 T) 

Eloc1ronlca 
Pholomultlpller Tubes 
Local Electronlcs 
Cabllng 

Thermal Conlrol 
Heal Exchangers 
Piping 
Cooling Syslem 

Beam Test 
Tosi Slands 
Labor 
Beam Calibration Syslem 

( 

1.0 768 76.B 2.2 

1.0 110 11 0.5 
l.O 110 110 11 0.5 56 

1.0 110 11 0.3 
1.0 110 110 11 0.3 56 

2.0 219 22 0.6 
2.0 11 0 219 22 0.6 56 

2.0 219 22 0.6 
2.0 11 0 219 22 0.6 56 

1.0 110 11.0 0.3 
1.0 110 110 11 0.3 56 

3.5 488 48.8 2.3 
0.5 140 10 1 0.3 67 
3.0 140 419 42 2.0 67 

3.0 329 32.9 1.1 
1.5 110 185 16 0.3 67 
1.0 11 O 110 11 0.5 67 
0.5 11 0 55 5 0.3 67 

2.0 279 28 0.9 
1.0 140 140 14 0.3 67 
o.o 0 0 0 0.3 67 
1.0 140 140 14 0.3 67 

Page 2J 

( • 

-122. I 2240 39 1962 o.o 1962 0 0 0 • 
28 110 17 878 0 878 
28 17 .43 50.41 878 878 

60 
30 
20 

14 80 13 646 0 646 
14 12.82 50.41 646 646 

70 
10 

33 700 2 126 0 126 
33 0 2.50 50.41 126 126 

450 
100 
50 

100 

33 600 2 110 0 110 
33 0 2. 18 50.41 110 110 

350 
100 
so 

100 

13.9 750 4 201.6 0 202 
14 4.00 50.41 202 202 

50 
50 
50 

100 
so 

100 
200 

75 
75 

154.1 3113 0 0.0 0 0 o.o 0.0 0.0 o.o 
20 2714 

134 234 
114 

73.1 246 4.2 235.3 0 235.3 3.3 186.8 0.0 186.8 
20 41 1 55.80 58 58 
34 19 3 55.80 177 111 
20 100 3.34 55.85 187 187 

60 633 2 136 0 136 0 0 0 0 
20 500 
20 • 2 55.80 136 138 
20 125 
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5 

4 
5 

• 
6 
6 
6 
6 
6 
6 

4 

• • • 
5 

• 

, 
0 .2.4 .6 

0 .2.4 .6 . 1 
0 .2.4 ,8 .2 
0 .2.4 .6 .3 
0 .2.4 .6 .4 
0 .2.4 .6 .5 
0 .2.4 .6 .6 

0 .2.4 . 7 
0 .2.4 . 7 . 1 
0 .2.4 .7 .2 
0.2.4 .7.2.1 
0 .2.4 .7 .2 .2 
0 .2.4 .7 .2 .3 
0.2.4.7.2.4 
0 .2.4 . 7 .2 .5 
0 .2.4 .7 .2 .6 

0 .2.4 .B 
0 .2.4 .8 . 1 
0 .2.4 .8 .2 
0 .2.4 ,8 .3 
0 .2.4 .8 .4 
0 .2.4 .8 .5 

, , 
Deteclor Flt-uo 
Station Five 
L•bor 
Cent Barrel Oulrlggers 
End Cap One Outriggers 
End Cap Two Outrlggera 
Rollers 
Assembly Ralls 

Svslem lnslallallon 
labor 
Equipment 
lnslallallon Ralls 
Cenl Darrel llh Fix 
End Cap llh Fldure 
Temporary Bracklg 
Crane Rental 
Transport Pusher 

Subsvstem Manaoemenl 
Prolect Management 
Resource Managemenl 
ES&H 
Ouallly Assurance 
Syalem lnlegrallon 

l 

2.5 274 27.4 

2.5 110 274 27 

1.4 1172 1 t7 
2.5 140 349 35 
I 823 82 

3.0 140 412 41 
1.2 140 167 1 7 
0.8 140 105 1 0 
0.5 140 70 1 
0.3 140 35 3 
0.3 140 35 3 

15.0 2079 312 
7.0 139 910 146 
3.0 139 416 62 
t.5 139 208 3 I 
1.5 139 208 JI 
2.0 139 277 42 

) , , , , ) ) 

o.a 40., 324 3 141.6 0.0 -142 0.0 0.0 0.0 u.O 

o.a 67 40 0 3 50.41 142 142 
75 
50 
50 
24 

125 

5.2 348 2150 11 602 0 602 
2.0 61 134 10.77 55.85 602 102 
3 214 2150 0 0 0 0 

1.0 67 67 900 
1.0 67 67 400 
0.5 67 34 200 
0.5 67 34 300 
0.1 67 7 25~ 

0.1 67 7 100 
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5 
5 

4 

5 
5 
5 
5 

4 

5 
5 
5 
5 
5 

4 
5 
5 
5 

4 

5 
5 
5 
5 

4 

3 

4 

5 
5 
5 

4 

5 
5 
5 
5 
5 

( 

1 2.4 

1 2.4 .1 
1 2.4 . 1 . 1 
1 2.4 . 1 .2 

1 2.4 .2 
1 2. 4 . 2 . 1 
1 2.4 .2 .2 
1 2.4 .2 .3 
1 2.4 .2 .4 

1 2.4 .3 
1 2.4 .3 .1 
1 2.4 .3 .2 
1 2.4 .3 .3 
1 2.4 .3 .4 
1 2.4 .3 .5 

1 2.4 .4 
1 2. 4 .4 .1 
1 2.4 .4 .2 
I 2.4 .4 .3 

1 2.4 .5 
1 2.4 . 5 . 1 
I 2.4 .5 .2 
I 2.4 .5 .3 
1 2.4 .5 .4 

I .2.4 .6 

2 .2.4 .0 

2 .2.4 . 1 
2 .2.4 . 1 . 1 
2 .2.4 . 1 . 2 
2 .2.4 . 1 . :J 

2 .2.4 .2 
2 .2.4 . 2 . 1 
2 .2.4 .2 .2 
2 .2.4 .2 .J 
2 .2.4 .2 .4 
2 .2.4 .2 .5 

• 

RESEARai AND DEVEL 11.8 

Malerlal Tests 1.5 
Fiber Tesllng 1.0 
Copper Bonding 0.5 

Slnnle Tower Prolol" ..... 2.0 
Tower Assembly 0.5 
Elec1ronlc1 1.0 
Assembly/Teal Frame 0.3 
Thermal Control 0.3 

Sixteen Tower Protolv"" 2.4 
Tower Assembly 0.5 
Electronics 1.0 
Assembly/Tesl Frame 0.5 
Thermal Control 0.3 
Beam TesUng 0.1 

Module Grouolna 1.4 
Outer Ring 0.4 
Readoul 0.3 
Mock Towers 0.1 

Manulact. Oevelopmenl 2.5 
Fiber Culling 0.5 
Fiber lnser11on 0.5 
Readoul Assembly 0.5 
Tow er Handling 1.0 

Eleclronlcs Development 2.0 

CONCEPTUAL DESIGN 3.1 

Preoarallon ol Loi 0.7 
Conceptual Design 0.3 
Cosllng Studies 0.3 
Oocumenl Prepa1atlon 0.1 

Pren ol Tec:h P100. 2.4 
Conc:eplu•I Design 1.0 
Cosllng Sludles 0.3 
M•nulaclurlng Studies 0.5 
lnstall1Uon Studies 0.3 
Prep of Tec:h P1op 0.3 

( 

1505 1974 .. ···.· < • .. <> . 

192 250 
128 128 130 
128 14 120 

256 365 
128 14 140 
128 128 102 
128 32 68 
128 32 55 

303 796 
128 64 400 
128 126 125 
126 64 100 
126 32 4 1 
128 15 132 

179 84 
128 51 34 
128 32 25 
128 96 25 

320 127 
128 64 12 
128 64 40 
128 64 40 
128 128 35 

128 256 350 

434 24 ·. ... .. 
' 

98 9 
140 35 4 
140 46 4 
140 1 7 I 

336 15 
140 140 6 
140 46 2 
140 70 3 
140 35 2 
140 46 2 
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Tolals 

labor Matefial Sublolal 

k$ k$ k$ 

18184 27092 45276 

16244 25094 41339 

6793 1574 6 22538 
247 5254 5501 

121 1580 1701 

121 1580 1701 

4948 1228 6176 
4584 0 4584 

330 111 1107 
34 451 485 

55 3644 3699 

110 511 621 

330 224 554 
330 21 357 

0 25 25 
0 51 51 
0 117 117 
0 3 3 

476 221 698 
124 116 240 
233 105 338 
120 0 120 

385 1504 1889 
329 33 362 

28 1375 1403 
28 437 465 
28 97 124 

( ( 

Conlina. 
kS 

12083 

10900 

4988 
1155 

357 

357 

1668 
1238 

299 
1 31 

518 

168 

146 
89 

8 
I 7 
32 

I 

239 
93 

108 
37 

381 
91 

266 
88 
24 

Tolal 

kS 

57358 

52238 

27527 
6656 

2058 

2058 

7844 
5822 
1406 

616 

4217 

788 

100 
446 
33 
68 

149 
4 

936 
333 
447 
157 

2269 
453 

1669 
553 
148 

( 

3 

4 
5 

5 

5 

5 
6 
6 
6 

5 

5 

5 
6 
6 
6 
6 
6 

5 
6 
6 
6 

5 
6 
6 
6 
6 

WIS Risk laciors Risk percenlal)Bs Total oonlinaaflCli 
5.2.2.5 Item Tech Cosl Sd> Toch Co11 Sd> narcenlaa• 

SCINTILLATING FIBER HADROI 
CALOOIMETER 

Tolals 

0 .2.4 0 COOSTRUCllON 

0 .:Z.4 0 Tower Componenls 
0 .2.4 .1 .1 Cenlral Barrel 4 4 1 2% 3% l'Yo 21% 

0 .:Z.4 .1 .2 End Cap One 4 4 I 2% 3% l'Y. 21% 

0 .2.4 .1 .3 End Cap Two 4 4 I 2% 3% 1% 21% 

0 .2,4 .1 .4 Tow er Fabrlcallon 
0 .2.4 .1 .4 .1 F abrlcallon Labor 5 3 I 4'Yo 2'Y. 1% 21% 
0 .2.4 .1 .4 .2 Fabrlcallon Equlpmenl 5 3 I 4% 2% 1% 27% 
0 .2.4 .1 .4 .3 Shipping 5 3 1 4% 2% 1% 27% 

0 .2.4 .1 .5 flbeJI 2 3 1 1 'Yo 3% n. 14% 

0 .2.4 .1 .I Shleldlng 3 4 2 3% 3'Y. 3'Y. 27% 

0 .2.4 .1 .7 Readoul Assy 
0 .2.4 .1 .7 .1 Readoul Assembly general 5 I I 4% 2% 3% 25% 
0 .2.4 .1 .7 .2 Readout Support 3 3 1 8% 2'Y. 1% 31% 
0 .2.4 .1 .1 .3 PMT Frame 6 4 I 4% 2% 1% 33% 
0 .2.4 .1 .7 .4 llghl Mixer 5 3 I 4% 2% 1% 27% 
0 .2.4 .1 .1 .5 Fasteners 5 3 I 4% 2% 1% 27% 

0 .2.4 .1 .I Calibration loops 
O .2.4 .1 .I .1 Drive Assembly 5 5 3 4% 2% 3% 39% 
0 .2.4 .1 .•. 2 Eleclronlcs 5 4 3 3% 2% 3% 32% 
0 .2.4 .1 .•. 3 Labor 3 3 4 3% 2% 4% 31% 

0 .2.4 .1 .• Structure 
0 .:Z.4 .1 .•. 1 Slructure Assembly 5 I I 4% 2% 3% 25% 
0 .2.4 .1 .•. 2 BaHel Componenls 3 3 I 3% 3% 1% 19% 
0 .2.4 .1 .•. 3 End Cap Componenls 3 3 I 3% 3% 1% 19% 
0 .:Z.4 .1 .•. 4 Shipping 3 3 I 3% 3% 1% 19% 
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, , 
2852 23 •• 5169 

1016 121 1137 
1016 11 1027 

0 60 60 
0 30 30 
0 20 20 

710 91 861 
710 11 781 

0 70 70 
0 10 10 

319 722 1100 
319 22 400 

0 450 450 
0 100 100 
0 50 50 
0 100 100 

363 622 985 
363 22 385 

0 350 350 
0 100 100 
0 50 50 
0 100 100 

326 161 1087 
326 11 331 

0 50 50 
0 50 50 
0 50 50 
0 100 100 
0 50 50 
0 100 100 
0 200 200 
0 75 75 
0 75 75 

642 3162 3804 
90 2721 2811 

553 276 129 
0 184 164 

825 279 1104 
243 63 306 
320 110 431 
262 105 367 

475 660 1136 
180 514 674 
156 • 164 
180 139 299 

1734 

365 
329 
21 

9 
6 

273 
250 
20 

3 

366 
128 
156 
32 
16 
32 

340 
123 
130 
42 
21 
24 

391 
121 
16 
18 
18 
36 
18 
36 
72 
27 
27 

964 
618 
298 

41 

309 
86 

121 
103 

428 
256 
59 

113 

, 
6904 

1502 
1355 

81 
39 
26 

1133 
1030 

90 
13 

1466 
529 
606 
132 
66 

132 

1324 
508 
480 
142 

71 
124 

1478 
456 

68 
68 
68 

136 
68 

136 
272 
102 
102 

4768 
3430 
1127 

212 

1413 
392 
551 
470 

1564 
929 
223 
412 

4 

5 
6 
6 
6 
6 

5 
6 
6 
6 

5 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

4 
5 
5 
5 

4 
5 
5 
5 

4 
5 
5 
5 

, ) , ) , , , , 
0 .2.4 .2 Assemblv 

0 .2.4 .2 .1 Station On• 
0.2.4.2.1.1 Station On• Labor • 3 1 "' 5% 1% 32% 
0 .2.4 .2 .1 .2 Mod. Row Ass1mlby Sland 6 5 1 4% 2% 1% 35% 
0 .2.4 .2 .1 .3 Mod. Row lifting Flxlure 5 5 1 4% 2% 1% 31% 
0 .2.4 .2 .1 .4 Modul• Llhlng fblure 5 5 1 4% 2% 1 % 31% 

0 .2.4 .2 .2 Stallon Two 
0 .2.4 .2 .2 .1 Slallon Two Labor 4 3 1 4% 5% 1% 32% 
0 .2.4 .2 .2 .2 Module Assembly Stand 3 5 1 6% 2% 1% 29% 
0 .2.4 .2 .2 .3 Module Llhlng Rxlure 4 5 1 4% 2% 1% 27% 

0 .2.4 .2 .3 Slallon Three 
0 .2.4 .2 .3 .1 Slallon Three labor 4 3 1 4% 5% 1% 32% 
0 .2.4 .2 .3 .2 Central Barrel Ass. Stand 4 5 1 6% 2% 1% 35% 
0 .2.4 .2 .3 .3 Ass. Up·Rlghllng Fix. 4 3 1 4% 5% 1 % 32% 
0 .2.4 .2 .3 .4 Mod. lnserl Machine 4 3 1 4% 5% 1% 32% 
0 .2.4 .2 .3 .5 Personnel Plallorm1 • 3 1 4% 5% 1% 32% 

0 .2.4 .2 .4 Slatlon Four 
0 .2.4 .2 .4 .1 Slallon Four Labor • 3 1 .... 5% 1% 32% 
0 .2.4 .2 .4 .2 End Cap Assembly Stand 4 5 1 4% 4% 1% 37% 
0 .2.4 .2 .•. 3 Up Righi fhl.turlng • 5 1 4% 5% 1% 42% 
0 .2.4 .2 .4 .4 Mod, lnserl Machine 4 5 1 4% 5% 1% 42% 
0 .2.4 .2 .4 .5 Personnel Plalforms 2 3 1 '" 5% 1% 24% 

0 .2.4 .2 .5 Assembly equlpmenl 
0 .2.4 .2 .5 .1 Gen. Assembly labor 5 3 1 '" 5% 1% 36% 
0 .2.4 .2 .5 .2 Flb•r Culling Mac:hln• 5 3 1 .... 5% 1% 36% 
0 .2.4 .2 .5 .3 Olmenslonal lns,,-cUon 5 3 1 4% 5% 1% 36% 
0 .2.4 .2 .5 .4 Fiber End Finish.Ing Mach. 5 3 1 '" 5% 1% 36% 
0 .2.4 .2 .5 .5 Tools 5 3 1 4% 5% 1% 36% 
0 .2.4 .2 .5 .6 Cleaning Suppolles 5 3 1 .... 5% 1% 36% 
0 .2.4 .2 .5 .7 Tools 5 3 1 .... 5% 1 % 36% 
0 .2.4 .2 .5 .• Temporary Use Kem• 5 3 1 '" 5% 1% 36% 
O .2.4 .2 .5 .I Fork Truck Rental 5 3 1 4% 5% 1% 36% 
0 .2.4 .2 .5 .10 Hand. Carts (10·100 T) 5 3 1 4% 5% 1% 36% 

0 .2.4 .3 Eleclronlcs 
0 .2.4 .3 .1 Pholomulllpller Tub•• 3 3 1 4% 3% 1% 22'1. 
0 .2.4 .3 .2 Local Electronlc1 5 5 1 5% 2% 1% 36% 
0 .2.4 .3 .3 Cabling 4 4 1 5% 2% 1% 29% 

0 .2.4 .4 Thermal Conlrol 
0 .2.4 .4 .1 Heal Exchangers 2 3 2 4% 4% 4% 28% 
0 .2.4 .4 .2 Piping 2 3 2 .,,. 4% .... 28% 
0 .2.4 .4 .3 Cooling System 2 3 2 4% 4% 4% 28% 

0 .2.4 .5 Beam Test 
0 .2.4 .5 .1 Test Slands 2 5 4 3% 4% 3% 31% 
0 .2.4 .5 .2 labor 2 5 4 ,,,. 4% 3% 36% 
0 .2.4 .5 .3 Beam Callbrallon Syalem 2 5 4 3% 4% 3% 38% 
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456 3:.. BOB 

456 27 ... 
0 75 75 
0 50 50 
0 50 50 
0 24 24 
0 125 125 

2122 2267 4389 
1084 35 1119 
1037 2212 3270 

479 941 1420 
234 417 651 
138 210 349 
103 307 410 
42 253 295 
42 103 145 

2079 312 2391 
970 146 1116 
416 62 478 
208 3 1 239 
206 3 1 239 
277 42 319 

( ( 

226 1033 

150 633 .. 94 
1 2 82 
12 82 

8 30 
29 154 

1392 5 781 
313 1432 

1079 4349 
468 1888 
215 866 
115 464 
135 546 
97 392 
48 193 

857 3248 
402 1517 
172 650 
84 323 
• 1 320 

118 437 

( 

4 

5 
5 
5 
5 
5 
5 

4 
5 
I 
6 
6 
6 
6 
6 
6 

4 
5 
5 
5 
5 
5 

0 .2.4 .• 

0 .2.4 .•. 1 
0 .:Z.4 ••. 2 
0 .2.4 .8 .3 
0 .2.4 .I .4 
0 .2.4 .•. 5 
0 .2.4 .•.• 

0 .2.4 .7 
0 .2.4 .7 .1 
0 .2.4 .7 .2 
0 .2.4 .7 .2 .1 
0 .2.4 .7 .2 .2 
0 .2.4 .7 .2 .3 
0 .2.4 .7 .2 .4 
0 .2.4 .7 .2 .5 
0 .2.4 .7 .2 .6 

0 .2.4 .8 
0 .2.4 .I .1 
0 .2.4 .•. 2 
0 .2.4 .•. 3 
0 .2.4 .•. 4 
0 .2.4 .I .5 

( 

Delector Fll·UD 
Station Five 
Labor 5 2 1 4% 5% 1% 31% 
Cenl Barrel Oulrlggere 3 3 1 4% 4% 1% 25% 
End Cap One Outrigger• 3 2 1 4% 5% 1% 23% 
End Cap Two Ouhlggers 3 2 1 4% 5% 1% 23% 
Rollers 3 2 1 4% 5% 1% 23% 
Assembly Ralls 3 2 1 4% 5% 1% 23% 

Svstem lnstallallon 
labor 3 3 5 4% 2% 2% 28% 
Equlpmenl 4 1 5 4% 2% 1% 23% 
lnslallallon Ralls 5 3 I 4% 4% I "t. 33% 
Cent Barrel Lib Fix 5 3 1 4% 4% I "to 33% 
End Cap Uh Flxlure 5 3 I 4% 4% 1% 33% 
Temporary Bracing 5 3 1 4% 4% I "to 33% 
Crane Renlal 5 3 I 4% 4% I "to 33% 
Transport Pusher 5 3 1 4% 4% 1.,. 33% 

Subsyslem Manaqemenl 
Pro)ecl Managemenl 5 1 4 n. 2% 1v. 36% 
Resource Managemenl 5 1 4 n. 2% 1% 38% 
ES&H 5 1 3 &¥. 2% 1v. 35% 
Ouallly Assurance 5 1 2 6% 2% 1v. 34,.. 
System Integration 5 1 5 6% 2% 1% 37% 
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, , 
1505 1 ~ .• 3479 

192 250 442 
128 130 258 
14 120 114 

256 315 121 .. 140 204 
128 102 230 
32 61 100 
32 55 17 

303 798 1101 
14 400 464 

128 125 253 
84 100 164 
32 4 1 73 
1 5 132 147 

179 84 263 
51 34 15 
32 25 57 
96 25 121 

320 127 447 
64 12 76 
64 40 104 
64 40 104 

128 35 163 

256 350 606 

434 24 458 

98 9 107 
35 4 39 
46 4 50 
17 1 18 

336 15 351 
140 6 146 
46 2 48 
70 3 73 
35 2 37 
46 2 48 

1183 

150 
88 
83 

211 
69 
71 
34 
30 

374 
151 
16 
56 
25 
50 

19 
29 
19 
4 1 

152 
26 
35 
35 
55 

206 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

, 
4112 

592 
346 
246 

132 
273 
308 
134 
117 

1471 
122 
339 
220 
98 

197 

353 
114 
76 

182 

599 
102 
139 
139 
218 

812 

458 

107 
39 
50 
18 

351 
146 
48 
73 
37 
48 

3 

4 
5 
5 

4 
5 
5 
5 
5 

• 5 
5 
5 
5 
5 

• 
5 
5 
5 

4 
5 
5 
5 
5 

4 

3 

4 

5 
5 
5 

4 
5 
5 
5 
5 
5 

I ) , I , , , I 

1 2.4 RESEARCH AND DEVa .. . }::\• 

1 2.4 .1 Malerlal Tesls 
1 2.4 . 1 . 1 Fiber Tesllng 4 3 2 "' "' 3% 34% 
1 2.4 .1 .2 Copper Bonding 4 3 2 4% 4% 3% 34% 

1 2.4 .2 Slnol• Tower Prolol .. -• 
1 2.4 .2 .1 Tower Assembly 4 3 2 4% 4% n. 34% 
1 2.4 .2 .2 Eleclronlcs 4 9 2 4% 4% 3¥. 34% 
1 2.4 .2 .3 Assembly/Teal frame 4 2 4% 4% 3% 34% 
1 2.4 .2 .4 Thermal Control 4 3 2 4¥. 4% 3¥. 34% 

1 2.4 .3 Slxleen Tower Prololvne 
1 2.4 .3 .1 Tower Assembly 4 3 2 4% 4% 3¥. 34% 
1 2.4 .3 .2 Eleclronlcs 4 3 2 4¥. 4% 3¥. 34% 
1 2.4 .J .J Assembly/Test Frame 4 3 2 ... 4% 3% 34% 
1 2.4 .3 .4 Thermal Conlrol 4 3 2 ... 4¥. ••• 34% 
1 2.4 .3 .5 Beam Tesllng 4 3 2 4% 4% 3% 34% 

1 2.4 .4 Module Grouolna 
1 2.4 .4 .1 Oultr Ring 4 3 2 4% 4¥. 3% 34% 
1 2.4 .4 .2 Readoul 4 3 2 4% 4% 3¥. 34% 
1 2.4 .4 .3 Mock Towers 4 3 2 4% 4% 3% 34% 

1 2.4 .5 Manulacl. Oevelonmenl 
1 2.4 .5 .1 Fiber Culling 4 3 2 4% 4% 3% 34% 
1 2.4 .5 .2 Fiber Insertion 4 3 2 .,, 4% 3% 34% 
I 2.4 ,5 .3 Readout Assembly 4 3 2 4% 4% 3% 34% 
1 2.4 .5 .4 T owe1 Handling 4 3 2 4•. 4% 3% 34% 

1 .2.4 .• Eleclronlcs Develooment • 3 2 4% 4% 3% ..... 

2 .2.4 .o CONCEPTUAL DESIGN 

2 .2.4 .1 Preoarallon ol Loi 
2 .2.4 .1 .1 Conceptual Design 
2 .2.4 .1 .2 Coaling S1udle1 
2 .2.4 .1 .3 Document Preparation 

2 .2.4 .2 Pren ol Tech Pron. 
2 .2.4 .2 .1 Conceptual Design 
2 .2.4 .2 .2 Cosllng Studies 
2 .2.4 .2 .2 Manuiaclurlng Sludl•• 
2 .2.4 .2 .4 lnslallallon Sludlea 
2 .2.4 .2 .5 Prep of Tech Prop 
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SCINTll.l.ATING FlllER HADRON 

.-UNDING DISTRIDlfl"ION 

, , , , , , 

·---·---------~j;i;i~i2.1 FYl2·2 FYt3·1 ·----n-,3:2· FY14·1 'fYtt-2 FYl5-f FYIS-2 FYH-1 FYl6-i--Fii7:;'-·"fY81.i""-fYii:tfYi1-2 FYll-t FY1f:2-
.2.4 O COHSTRUCTIOH 

-~~-~--=i..~~X~i!."E~~~01s ______ _!~~~----~:o"" o:n. 10.0" 30.~~--?0.o!-___ 2!~!----~~-o"' o.o"ll. o:..o_~---~~~--o.o~-:-.~--~-~~~-~;~~-~~----~-:~-~-~~-~-~ 
----·------------------!_?_?:_!~~K SOK SOK $2.753K !8,258K S8.258K S5.505K S~.753K _SOK SOK SOK ·-~-~---J~~---·--_$0K _!t!~----!O~--_!!~----

.-.-:2·-;.·ss.Ribi--------· .. woi· 0.0% o.n. 0.0% 0.0% 15.0% 35.0Y. 35.0% 15.0% 0.0% 0.0% ___ o~o;;;-··- 0.0% 0 0% 0·0%--· .... o:o.;:-00;1.; 
----------~------- ____________ .!~:~~~Tf ______ !~~-_J~K ___ _!~-----~i~~~-~=~~!~----~:I_t_·!~-~3:~~-~-----~-!.:~~~--~~------·'~!<°-~-=-j~-~~~--=·:i~~=~}~~~-=-~!§~ ..... -.=-.-.~~~-==-=~~~=-~ 

.2.• ··."i·--E,ect;o;;;c;····---·-----····iooi-·---o~oi'--oA--o.o,.,.----o.o,.;---00%----,s.o%--Jo.o;:---.co.o"---,s.o"--o~·i----o.0%-··---0~0% .. ---00%----o.0%··-o.o-A.--·o.o"'--· 
. i4~6BK ___ s0i< SOK SOK iOK _____ sOK $115K $1.430K $1,901K $7i5K iOi< ____ iOK ____ sOK - s~~!~K -,~~-- iOK __ _ 

2·_4······--·yt;;~l-Con11oi 100% o.0% o.0% 0.0% 0.0% 0.0% 0.0% 0.0% 30.0% 60.0% 10 0% o.0%"-·--·o.«>%.-o:o.;:-·o·o,.,.--·oo;,:--o-iii-
··-·--·---===--=~~-==--=--!_gf~~ ··--·s-oK---.ruc SOK sOK _ _!OK iOK--$0K--i:i2•K s•~!_K __ -!}'ii.K _ sO~=~--~--!~~-~-··-·soK--_--s·~~=-··i~~-~.:.:_--=_~!-~~~~~ 

·:z. .. -s-&am 18$11caW>;•ion --.00%----0.0,,. 0.0% 0.0% 0.0% 0.0% 20.0% 60~0% 20.0% 0.C)% o.oY.--io~---o~o;,;-·--00%-0.0%-·-··oc;i"·--c;.0%·-

-~-~~=====·=-===·=·=~~-=-·1·!].~~==~~=="J~==].~===]_~===~~===-:sil3E.==!!!!~::.-=~ItlK =~~==j~===}~===!!iE:_:_-=_~-~~~-~~~]~==-~!~~==]_~~~---_-
------·. ----·---·--------· --------------- ~--·· 

-~--~-_:_~--P~'-~.!~-------...!~~~-......2:_~·~:!~--~·0"- o.o~ __ l!-~_2~.:~2~~~:~~--~·~'!'-... __ !:_".t.!! _______ ~:~~- .. ---~:I!!! ____ ~·~"' 0.0% 0.0% 

--~~-=~~i0K __ ------------ -.. - $1.~J3K $OK SOK $OK __ SOK $DK SOK $201K $207K $413K S201K S~K ___ J~~--- -~O-~ ___ _!O!< __ 

~2.:t---.-1·-srsium tH;t~i;..ion 100" 0.0% o.0% o.o,,. o.o" o.o,,. o.o,,. 0.0"4 0.0"4 o.0% 20_0,,. 30.o,,.--~50.oi-o·.0%----------0.0%--o-:o~·- o.oi-· 
--------- ... _'" _____ i5.1BIK--iDK SOK "iOK---so1c----.OK-----.OK iOK---.uK---,OK -.-1.1.~_£K-SI, ii~~~ -i2.!!!~·--. ··soK===·_iOK·.=~=-~ •§~~---- -i~~ .. 

~-i,-·.1:-·5'.b5is1&mMan;:eemerii---·100.y,;-----2.5%----2~5y;----s.0%----·10.0%·---·-io_o%-·-·--io.0%----,~~0%·----.-s~%----s.0%-----5~0%------s:o% ·-·-·s~o;r.-·---2~~~---·-2.~%-· __ 2~~~=-~2~~~~ 
$3,248K SBIK $81K $162K $325K $325K Sl25K $481K $411K $162K $162K $162K $162K SBIK SBIK sa•K_ $11K 

-u-:tRE5EA0CHAND DEVEL 100% 10.0% 11.1% 21.0'W. 40.0% 15.1% 5.1"4 8.0"4 1.1... 1.1% 1.0% 1.0% o.o'Y. 0.0% 1.1... o.0% 1.1% 
s4.662K $466K $466K $932K s1.16sK $699K $233K SOK SOK SOK $CiK SOK SOK SOK $OK "iOK·--,oK-

.2.4 .2 COffCEP'Jll&I iw=c:tr.N -- --------·--· 100% 50,0" 51.1"4 0,0% 0.0"4 1.0"4 l.OY. l.O'Y. O.O'r. 1.0% 1,0% 0.0% D.1% 0.0Y. 0.1"4 t.l'I. 0.1"4 

TOTAL 

$45BK $229K S229K SOK SOK SOK SOK SOK SOK SOK soK ___ iiiK ___ sOK---,~iiiK-·iOK--iQK--

$776K 
'fYi2.i 

$776K 
FYi2.2 

$3,848K $10,448K $10,318K $9,508K $8,232K $4,373K $2,139K $1,667K $1,897K $3,053K 
FY93'1 FY93-2 FY94·1 FY94·2 FY96·1 fY95-2 FY9&-t FY96-2 FY91·1 FY91-2 

ORNI.. 7-11-92 

$81K $81K $81K 
"fy99. I FY98-2 FYii°'1 

$81K 
fYii.'"2 

, 



GEM Detector, Fiber Hadron Calorimeter, Funding Distribution 
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Name Earliest Start Earliest Finish Slack Weeks 
leoo Cal Auv Bldg 3,z .. aa 312195 0 0 - Halt-barrel assy t1xtures & tr•nsporter& delivered <;;110• 511111/i 3.62 0 

Endcap assy f1x1urH & ll'•n•poners delivered fSt1 5,85 611 51115 5.72 0 

1st hall- barrel module d811verad 15,J~s= 611 IQ 5 3.20 0 

1st andcap module d•livarod 7" 10• 7I1 19 6 3.32 0 

Equie> hi-bay 3/2195 5128/95 0 1 2 

Aeeemble f lxtures 5126195 6123195 0 4 

Assemble S enacap 713195 10124195 3.32 16 

PMTs. cable. plumb N h• lf·barrel 7124195 12115195 0 20 

PMTs. cable. plumb S endcap 1 0125195 12/26195 7.32 B 

Attach N h•ll·barrel module• 6/23195 11115195 0 20 - A&se '1'1ble N endcap 10125/95 112 5196 3.32 12 

Anacn N half- barrel auter stiffening rings 12/15/95 12/26/95 1 5 1 

Anech S endcap uprighting fixture 12127195 1/4/96 25.82 1 

PMTa, cable, plumb s half-barrel 12/15195 3/ 14196 0 1 2 

PMTs, cable, plumb N endcap 1/28198 317196 3.32 6 

Attach s half-barrel madulee 11/15/95 3/14/96 0 1 6 

Attach N half- barrel upright· ing fixture 12/26/95 114/96 , 5 1 

At1ach S enocap outriggers 115/9 6 1111/96 25.82 1 

Attach N end- cap uprighting fixture 316/9 6 311 4/96 3.32 1 - Finish s half-barrel servlc•• 3114/96 4111/96 0 4 

Attach s half· barrel outer stiffening ring• 4111196 4118/96 0 1 

Attach N and- r.ap outriggers 3/1 5/96 3121196 3.32 1 

Attach N half- barrel outrigger5 114/96 1/11196 1 s 1 

N endcap assy complete 3/21/96 3/21196 3.32 0 

Re:idy N andcap for tr9noport 3t22iQ6 3/26/98 3.32 0.50 

Att•ch s half· barrel upright· ing flll1ure 4118116 4125/98 0 1 

N hail-barrel assy complete 1111/96 1/11196 15 0 

S endcap assy complete 1/11/96 1/11196 25.82 0 

Construct r•il structure 3/14/116 3128196 3 2 

Move N andcap aui.lde aaay hall 3/28/96 4/1/96 3 0.50 

Attach s llalf·barrel outriggers 4125191 5/2116 0 1 

Ue>right N endcao 411196 4/4196 3 0.50 

Ready N half- barrel for transport 1/11196 1 /1 5/96 1 5 0.50 - Ready S sndcap for m1nspon 1/12/116 1116/96 2s.s: 0.50 

Sat N andcap on rail 4/4/96 4/8/96 3 0.50 
s half-barrel aasy compl•t. 6/2/116 512/96 0 0 
Mave N half- barrel outside assy hall 4/8/96 4/11196 3 0.50 

- Move N endcap back into assy hall 418/96 411 1 /96 3.50 0.50 

Upright N half-barrel 4/11/96 411 5/96 3 0.50 

Ready s half. barrel for tr•naport 512196 5161116 0 0 .50 

Set N half- barrel on rail 4/1 5/96 4/1 8/96 3 0.50 
Ul'\ua " half. ........ l"Utf•l~a •••u .. ... c;11;1QA .:101aa n 

n "" 



__ .... - ·-·· .. ,_., ...... ._ .......... ---· ··-·· -'. .. ... ' ......... . -·--
Upright s half-barrel 519191 5113196 Q 0.50 -
Move S endcap outside aasy hall ZllZ'ii 7/19195 0 .02 O .SQ 

Move N half· barrel back into aaay hall 4/1 9/96 41221116 3 a.so 
Set s h"lf- barrel on refl 5/13/116 5/11/91 0 a.so 

Uprigl\t S endcap 7122/9& 7124/91 0.02 a.so .. 
Move s half- barrel back into •••Y hall 5116185 5/20/88 0 a.so 

Mate h•lf-barrel ••••mbll•• 5/20/98 1118/98 0 4 

Set s endcap on r•ll 7124/9& 7/2&/116 0.02 0 .50 

Commence per• manent service connection• 6/18/06 7/17/9& 0 4 

Install EM mockup barrel into Heal barrel 6/1 8/96 712/9 6 3.50 2 -
Commence test service connactlone 7117/86 7/31196 0 2 

Move S endcap beck Into Hey hall 712819& 7/31196 0.02 0 .so 
Complete permanent & ta st aarvic• connection• 7131 /06 8/14191 0 2 

Mate •fl •••embli•• 7131196 l/14/91 0 .0 2 2 

Calorimeter ... y complete 8114196 8/14186 0 a -
Inspect end test calorimeter assy 8/14/91 11/7181 0 1 2 

Calorlmater testing complete 11/7/911 11/7/86 0 0 

R .. dy s and cap for trenaport 4/10197 4117187 0 1 

Ready barrel & N endcap for transport 1117/Q6 11 /22/Q6 20.60 2 

Traneport S endcap to S axp hell shaft 4/17107 4/24/97 Q 1 

Commence calorimeter Installation 4/241117 4/24/97 0 0 

.. 

... 

-
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Alternative Configurations 
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EM BARREL I EM ENDCAP LKr CALORIMETER 

Module Weights Preliminary Information 

Barrel Totals: 
46 Megagrams EM 
12 Megagrams Other Mass 
58 Megagrams Total Barrel 

I 
' 

2 Endcap Totals: 
4 7 Megagrams EM 
1 9 Megagrarns Other Mass 
66 Megagrams Total 2 Endcaps 

I 

I _______________ ] 
-
' 

EM 

I 
' 

I 
' 

il 

!~-~-~-~-~-~-~--~-~-~ 

Total Calorimeter Weight: 
58 Megagrams Barrel 
66 Megagrams 2 Endcaps 

124 Megagrams Total 

............. ~. 
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EM BARREL I EM ENDCAP LKr CALORIMETER 

Liguid Volumes Preliminary Information 

Barrel - LKr Totals: 
7,388 Liters EM Area 
3, 106 Liters Other Areas 

10,494 Liters Total Barrel 

I 
' 

2 Endcap - LKr Totals: 
7,671 Liters EM Area 
2.803 Liters Other Areas 

10,474 Liters Total Endcap 

fl ·-=---
I _______________ ] 

' I 

I 
' 

I 
' 

il 

'--------------------

EM/EM - LKr Totals: 
10,494 Liters Barrel 
10.474 Liters 2 Endcaps 
20,968 Liters Total 

·-·- fMllH. ,,... • .,.. 
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EM BARREL I EM ENDCAP LKr CALORIMETER 

Dimensions 
(Dimensions in Millimeters) 

Preliminary Information 

t----------3080-------- I 
1---------2995---------~-l 
1-------~=-2774--------. 
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/A ____ '_"'_A_N_·c._F_A~~~~~I~:· __ s_c_1E_·,_vc1;·s CORPOHA TJU.\ 

April 2, 1992 
,, u. ••11 .<&i• a.a ""'•~· r-"."''" -~'--" r•t'fJ •~l.fJ4!'~ > •' rtJ'f1 "''"-""! 

Or. Howard Gordon 
Physicist, GEM Collaboration 
Brookhaven National Laboratory 

FAX 516-282-5568 

Subject : Availability of DOE Scrap Copper for Use with GEM 

Dear Howard : 

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

I include with this FAX letter 2 pages from a DOE memorandum that reports that 45% of 
23, 100 metrie 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 Fernald 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 tor an SSC application 
(513·738-8439). 

1 am also including 3 pages from a report that describes how 1 12 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 U content to < 2 ppm 
and the technlcium content to < 20 ppb. Since there is no current standard tor 
unrestricted ref PPM of bulk-<:entaminated metals, even this low contamination level does 
not allow ral1ase 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 Fernald. 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~tt..JJ 
Dennis R. Floyd 
Executive-Mize.9GasideAtta1.Ht.Af .. HA"LFAC"":•t R/'\C CUR/lORA TIO ... ,. nr r"H(J.\\"{11\ t,· ... r,.RPl<ll'I" 
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Site 

Oak lt1dge, 

Oak Ridge, 

Oak Ridge, 

Portsmouth, 

Paducah, KY 

Fernald, OH 

TN, 

TH, 

TAIL.E 1 
RADIOACTIY£ SCIAP llETAL VOLUMES AT SELa:Tm DOE 

SITE OPEii STOWE YARDl 

K-25 

Y-lZ 

Scrap Metal 
In Storage 

rTpnsl 

45,000 

3,500 

Annual 1 

Generation 
Ratt ltgnstvrl 

200 

800 

TN, X-10 500 

OH 24,600 zoo 

32,•00 zoo 

23, 100 

TOTAL 129, 1oa2 l,400 

Sources: Jugan, 1991; and Swindle, 1991. 

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

-
.. 

-
.. 

.. 

.. 

.. 
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'Detailed information on RSM volumes at the Nevada Test Site (HTS) -
could not be obtained at this time. Further investigation· will be conducted 
on the RSM volumes and composition at the HTS in fvture. 
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UHl·SA·Z04 

... ,-:. : f ;..:-:e :.ls-=~~- :..;pr~ ...... " ~'~••C:•O• Y?1l""IO• ·~;~c.-..s .; ::i'r:;J?) ... ,. ,.., :. 1 '--~S 

"Uwl:•: In :nt. "ci.1cval =' l~r;;:i ~u.ii•t:1es of .:wii:•l1 tc c::::.1pon•r.•.o. ".''.,,a:i 
c:=...i;:w"en't.a ... ,.. c:1n·i;.:r.~n&1:tc "~;n ur1ni1i.11.1 .. ..,~ .,.,...,,. :r.1•11 •~.oun"ta ~f f1.aa1~n 

~rcciw~s ~rr1~ o,..r 1
rQ111 -:.r.e r.uc1Mr .-..c:;:ar ru*l r•pr:ic:.ss1~g ::rel" 

a~;xl••ltG •it,11 .ar.:.nl..:i feec •.:£.;ert&\ rcovary. In l97il :II• '<•;1e111~1 :.aM: 
=~~·n) :>f °" iO •H ..... llN • COlltr•~ to --s'trU• tft• '•••ID 11 tty of 
r111:overl~i ~wr1Ftea :op;i.r '"°"' ;na ::~1=.:1' scr~ copper. T.o nunar•c for-:y­
;even :llOW:r...,o pCNll<iS of tnsul•tecs scrap c:oo119r w•• uallf for "'• te:Mnltr&tlon. 
1"11e =D.,jec:th• o~ ,,,,. .i•.011a,r11:to11 JAii to proa .. 09 copper Ingots •Ii::> a 1:01:11 
.r~r.i.-..1 ce111tent of lass ·;11111 17 .S ~prJ •net a tecMet1Ulll co11ten; of lKc ~~•.a11 
3:l:l~ ;1;1:1. Tile :•r;ec s;iecHtca:lona for tn• fln1snee1 copper a.-e sn:-.1r. In 
h: le 4, 

TAIL.14 

TARGET SHCl,.CATIOf41 

..... ~ -
CM ft.7111111.wlo 

Tc 1.000 ...... - O.ooo~/. 
u 17.I ..... """' v-- "% .:;.v o 11i. 0 

0 IOO ......... 0 .7." r.% 
• 100 .....""' ~; o.01J. • 
Ae ZI ..... .... ,.,. .. 

-~ Q.o.,~% !' II .... ....- i" .. 400 -... ..... Fe. o.o'l-i' • 

- ...... 

• .. ........ "' ; a.oi.% o.i.7.. 
Cr 100 .......... Cr t:>,O\i, ... 100 ......... 11'\ 0.01"(. ... 100 ........ AL o .o I/. 

• 100 ........ 1l j .,. ... 1:.c 
c :tOO .......... c o,o'Z.i( 

5 
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UHt-SA-ZQ4 

T:1e ::I"/C!.iP ac:r~o COP?*'" • ., l\&nd feo t"~o • '"ed .:nu:e -:o • l'lyor•u1 t; 
shtt4ur; -:aen c:inYe1cc -:o & ;r&nul&tor- c°"-::&ir.;r.; • l/:Z•,~c,, mesn sc:r-een. 

P.;; 

• 

fr::, :!1Q ~r.l~Ui£;,,r, -;ne ir .. ~11r1i1J w&3 C-'nYe)8d :o &t: &1r Ci•.ssi fytn; wnt:. i 11Q 
:l~•n•' c:p.,er ~•s e~1cnar;ec ': one dr~'"'!:li~~ stat•on an~ ~,9 1~~~11~f~; 
r.'-1:ar1•:s. •'t •nc:.n•'"' S't&ti-:"• il'le <9nt.1,... S)'s~an, Ltt1Clor • :io;a-:1·1e ?;"•si~ra • 
dlsc:t:~r-;;ec tr:to & it&na.-c oun ccil le~cir. The c:lu"ec: c:ipper wu p.u:k•i•C to 
?rov tc:e &0011: S·n :o SS~ po.."d" per c:n&rge to & grapn tu c:r1oc:161e. Tne dt.ar-;eo 
c,,.ctbla ... pl&c:ecl ln;o ~· ,. • .,.h fur"ac:e. ?u1Ytrrlzmo ;lus was ac:cec u a 
fl,. .. , Tr.• .oc:r&Q :c~si-r •&S heueQ ':C: lllout ZSJ? F 11.noer Y&C::.1...:1 &tlcl tlle :•It 
cas-: lntc • ;r&pnlte mold. 

Ori;tnatl1 ten PaunQs of 
-.oundl of :op;;ar sc:rap. 
•• ,ou11-: of ;\11• coul c o• 
;:iwnc? :if ;l&ili fcir flwc 

a1.,,s ~•• addee u & C:•ccnt.::01f1:a-:1on fiu:a: to e.:1: · S:J 
As ::;a oroca,_~ ;>r-:o;ru~•c. :: =a~ "v f~en: ::,.lt ~: •• 
reouce(, Swo1equen-: cn&r~es con~a1ne<: only f1•• 
&nc f!n&lly onl~ ~nree ?Ouncs. 

r~., ~ran!u= content was cetermlneo for a n110ber of slag semples. The uran•um 
::~n-:ent r-an;ec fran 30 to 200·'.l ppo. Th Is w fee r-&ni• "" upec-:ecl s lnc:e tne 
u::ount of con-:~1n1t!on en tne scrs; copper varfec as rtc31vee for :ne 
cea-.ons;r1:.1o:i. 

;. t:i-:al cf ,33 !ni;o-:s ·~•~• ;rcaucec as tne ?r~auc:t uf t!'le :11t.icns-::-a-:ion 'Ht. 
>n• ;cit per pcun: cf cop,;er to proo11ee tlle tngcits was lu.~a ClS!l ,ollarsl. 
:t •&.C estL•IAtlt4 ":!'l&t a procuct1on ~ats;n •Owlc: procuce tni;ct.s lt a cc.st ::if 

.. ~c .. : $J.7a (!931 eel larsl per pcuno. 

::lveral), -:.">equality cf tn• =pper !ngc:t1 ?roc:uc•c ~wr1ng tr.ls d9l,10nst:-a-;1i:in 
1u ~u•l tci or exc:Hceo ;opper pro4uc;9~ :=mr:lal ly, Tl1e ver)" smcic;r;n surface 
~uality cl~.,• tn;ats 11 generally net fcund In ccc:=:or:f&ll1•pr:xiucac ln'°ts. 
~~. elec-:r•:~I :onaUC"tfvfty of tn• copper 11 pr .. •rYeo provtooa ~t.• jf1tcon 
1•••1 15 1C11 (sflfcon Is fraa rea!C:wal !n1ula-;1n9 =witerhll. It !1 :cnc:lo.~•a 
-;:in 1 ~1;n-q11al fty copper QIU! wH procll!QCI aa par-: cif th• de111Cnstratfon ~ 
c:.111p.i1;n. In fact. Ule 11renfY11 conUftt of goo.; cif u1e d-•tratlo11 tn;gts fs 
0.100. tftet 111 cop~r Jrese~l)' 11MG 111 fncu.nry. 

• 
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BRIDGEWATER, NEW JERSEY 08807-0910 
TEL. (908) 231-0SSO • FAX (908) 231-0405 

Mark Rennich 
Ridge National Labs 
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Fax: 615-574-7986 Net 30 davs Middlesex. N. 
L _J 

Ed Baro 
Here is our quotation on the goods named, subject to the conditions noted: 

UPS 
CONDITIONS. Th• pric•s ana tt1rm1 on rru5 auor•t1on are nor su0111ct to verbal changes or other agrt1t1menr1 un1t1ss aoorov11d '" wr1r1ng oy tn11 Hom• Office ~f 
tl'I• S111111r. All Quotations and agreements ar• cont1ngt1nt uoon str1/ft1s. acc1dt1nts. firt1s. ava1Jab1lity of matt1ria1s and all orner causes oeyona our control. P'"rce!/9 
are oastKI on costs ana conamons ax1stmg on aar• of auoration ana at• suo,.ct to cnang• oy the S•llM O.lore final acceptance. 

Typograpt11cal ana srenograpruc errors S1JOJt1Ct to correct1on. Purctrast1r agrt1es to BCCflPt fltfflflr ov•ragfl or snortage not 1n excess of rt1n percent to ::ie 
cnargea for pro-rata. Purcr7aser assum11s 11aa1lity for oarent and copyright infrmgemt1nt wflt1n goods are made to Purcnaser·s spt1ctfica11ons. Wht1n QUOtar1on spe­
c1f1es mstflflSI to be furnished oy rru1 curcnaser. ample allowance must Oe madfl tor r9asonao1e spoilage and mateflal must btt of suirablfl quality ro fac1/1tate 
t1ffic1ent prOduCt1on 

Cona1t1ons not spt1cd1cally stared nere1n sflall be govflrnea by 11stao11sned rraoe customs. Terms mcons1stent with those stat•d her•1n wfl1cfl may aop•ar on 
Purch•Hr ·s formal ord11r will not Otl oinomg on the 51111.,. 

10,000 R2490-05 

Delivery is 
200 pcs for 
l month and 

2 inch, 
gain of 

OESCRtPTIQN 

fiie mesh, head-on 
10 at 0.8T 

PMT with 

90 days ARO for 150 pcs, 2 months 
the next 2 months, 300 pcs next 
500 pcs per month till end. 

Above item is manufactured in Japan. 

QUOTE VALID FOR --'3~0~_ DAYS. 

P'!UCE AMOUNT 

Estimated 
Ball Park Price 

$785.00 

TO CONFIRM ORDER, SIGN & RETURN PINK ACCEPTANCE COPY 
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Typical Current Amplification and Dark Current 
In Magnetic Fleld (Parallel to Tube Axis) 
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HAMAMATSU CORPORATION 
I.XVIII .• ,...,T"ATION ..... ,,, COt'tllCW .. S"' OI' e ...... MIS1n9 ()U( or OI' ·~·• ... 9 10 I"'' CJnl•ac: OI' .... i:i••.C" i~~· Sl'lloil O• lflttl'tl 0¥ ''°'l'•hOl'I,...., ,,, ,....., vo ... c.cv "' •ee::i•O¥>C• .... , .. !~ 'Ull!'S ,JI!~ 
oilomeo<e.,. .:01001ratoon A.Hot••tion ""° ,uoq,...~I "l)Otl tl'lol ., ... ,,a'"_,..,. ov '"' <MDo1r•IOl'ls1 "'"'" :w '!"' .. " '" """' CC>Vrt """'"'9 ,.,.,sooc:11on 1,...eo, 
XXIX. FAUii L&80JI STANDAfllDS ACT. s.- ..... ?NI'""' Gooas ""° ...... W'VICH •....O•l!'(J ..... o.,,, comooo-• .... , .. , .... F ... l.•OOI' s1-ara1 A.Cl. u ~~ M'l(I -"'" 10 so Cf'I'"'~ O" •'! ...... 
XJ:X. IXICUTIVI OROIJI ,12&41. 5.-r a9""" •I - full• fl'\ls ContrKt ,,, c~111 ""''" Eoecu1,.,. O•O• 1 ~ 2•6 •t'IO •II 01.,... .aoic- F_ .. ••w~ ••Q1,1w111ona M\CI ora.<,, :..,,~ 10 "<!· 

OIK'""'"'''~,,,~-1 
u:iu. OCCUPATIONAL .... ,." ANO Ml AL TM •CT. ~ lo9f"'5 '"" ,,,. "- - no. ... c~· -·"' 1"'9 W•-·51 ... Occ_1_ S.t•h• - -·'" Act ot 1910 .H -.a ¥\(I ·~ ""'"· °'"""-· - ,....,,.,_ .......... °"'.....,., ,,....,,,0 . 
XJl'.Xll. •~.-Uc.t.•U L&W. Thos Conuact .. - .. "° tfttO .... ,,.. S111i. of ....... ., ....... .no SNll Dot 90'0'•- 1)¥ - Contllrvmd ... KC:~• _ .. - ..... ,Of fN Slll• of""""'" Jers.ev 
XXXlll. SlWJll•s RIGHTS AND lttM•DllS. All Seilet s 1'9'1ts - '""'°"" unaer fht1 Corol•KI ffe eutnu1•1t.,1 l'IOl .llll'fnailtVe. - .,, on_,'°" 10 ... Oll'llf 119-'- "lll.llUIDle "9ftl1 ~ f~ ot -XXXIY. CAl'TIONS. No C:llOhOt•OI _...,,..oerea 11..-.qfaor. ol t"'I Co1·m.c:11r.ailtieo-.O • oan ot tl'los Coro11x1 
XX.XV. WAIUIANTllS. TMllt£ Altt: NOT WAJtJtANTllS EXCIPT FOii THOSI EXl'lllSSLY WJtlTTIN IN THI ATTACHID "STATIMINT 011 AU WAllJtA•TllES"'; AU. OTHllt 
.......... r11s.1xn1s1 Ott IM"-llD. INCLUDING ANT WAllJtANTT Oii Ml"CMAHT AelUTT 011 l'ITNISS '°" ANT l'AllTICULAJt """~ .... AJtl HIRl•T IEXCLUOID. 

IT A TIMINT OF ALL WAllRANTIIS 
011 HA MAMA TSU COlll'OllATION C"'SIUl11'1 

1T~ Oocul"N'nt 11Flell'ffeG10'" and •I a l'1n ol ""Al!KfteG Con1r..::1 of S-. - Fle11t11O"'Y10 '"' Ggoa11 C11vereGOy Sai0Com1-c1 ot Sale! 
TI41flE Alll NO WAllllANTllS IXCEl'T 11011 THOSI IXPlllSSLY WllllTTIN MIJllllN: AU OTHIJll WA•llANTllS. IXl'lllSS Oii IMftlll!D. INCLUDING ANY WAllJtANTY OF Mlfll· 

CHANT A•IUTY Ofll FITNlSS FOii ANY l'AJllTICULAll 11'\Ull'OSE. Alll Hllll•Y IXCLUOID. 
WAJllllANTllS 

I. LIGHT OETICTING OIVICES EXCEPT VIOICONS AND OTMEJll HOT FILAMENT TYPE DITICTOJllS. All of S...... s IMJ'" deteer.nq Of'¥0C:H ••e1101 voOoc:o,.1 ;tM 01,,., ,,01 hla"'""'t !Yg.e ~:i.teeTo" 
are ...... , .. ,l!CI !O !I'll on9 ... 11 QUICl'l.U .. !Of I oer•OG :ii T 2 ""Onll•t IQllOw•N;J tl'I! dall QI ,,,,0.....,., OY Seller' IUOrttCt Ill !1'19 ...... !.hons ••CIOllOl'S - CQ"Clotrons HI fa"" ,,. tP..,MJllOI' v Tl'\is .... ,, ... ,y •• 
~"'""° 10 •1!0." or •ftlllC""'.,.' 11 1l'e SOie ootron ot S.- ot '"" 0¥1 wNC;l'I •I OllKUYe.., -•"'•"snio °' "'"'"'" uHo ,n m......,tac1"'11 
II. YIOICONS AND OTHI" MDT lllLAMINT TTPI DITICTO"•· All of Selll'f s ... ocons fncl Oltwl root h~I tvoe oe1ec1ors .... W¥1'"'1eel IO ,,,. °"911".a' ourcn1ser IOf • oeroOG ot '2 "'Onl'l'S 
'-""i1 t,,. Galt ol tn.Ol'f'e"'' ~~ s-' SUDllCI 10 ,,,. -lltoont. l&CltOllOftt Incl COP'OlllO"I Mt IOfln ... P11"19!•0fl v This .... ., ... ,.., •1 .......... 10 •IHIW Ot •--..c: .... .,.t. It t,,. SOii! OOtlO" or s..... OI ... y 1)111 
"""IC:l'I •I 01tec- 1n wOt•"'"'11""D 0t "'''...,.._ ualCI ,,. .....,_,llCture totowo- •I S..... ti l'IO"l•hea ol SUCl'I detect '" such Ot11ec1or .wld 11ec11 10 •-.Cl tt\e _.,, Ot11ec:10t .,,... ,1 , 5,,...., .,. 111 •IOl.c;e '""'" 
del.C'"' .... Of C" .. 9" ,, s,...., •s .... " • ...., QI ~ucn 01"«:1 _ ........ 90 O•YI OI """"'-' th· Seoler l"CI ''" ,, s..... •I not••..a OI SUCI> .,.,"!(:, _,,, ,,, ... 90 OIYS ltllf ·-e"I Dy s- :,, ... s- ... .it 'IOllCIP 

suel'I ae1ee1or at SeHl'f t rl'lll'I eurr.,.1 oriee '"" 911n11n9 a e'eoi' IQUll IO tl'le Ol'OOUC:t ot S.UCl"I ~·e• ano • trac11on '""''° ;11 H tollOws, Suotr.c;t l•Df" J&5 '"' "u"'Der ot dl\IS 1,0,., 1,.,,0,.. • ..,! ov 5...., 10 
s.e~-· '•l!Ct101 QI "OIOC:I ot 01•ec:1 ... o :,.. .. C:UYICll! U•• •null Ov J65 
Ill, DiUTIJlllUM UliMIPS. SuOttCt ro !I'll "'"'lll1on1. t•CIOllOt'll lf'ICI eo,.OtllC)rlt HI IOtf" ,,. Paragteon V aM OI S.- s 011,111num IMl'IOI 11'1 w1rr1"l.a to 1n1 orog:ina1 o~e"HI' ror 1 O .. IOCf 01 1 2 '""°"'"' 
IOllOw•"9 t"I 0111 ol '""'"""'' t.v Seliet. ::i• lo• 500 "Ours ol 0Cllflh0" w"OC:l'lvl!• OCC.ulS '"''· 1110voQllG. "Owl~I' ll'llT •'I 14'1.., r>um°" ot w•rr.,,lllG "Gutt of OHflllO" ror 1 deull"U"' ia,,,0 IOOll'S ,,. 
S.. s e•t11og °' f,.. 011• tl'lell ior IUoC" 11"'0. sui;l'l .. tll' r>um°" of houts tl'lall IM suo11nu1eo IQt SOO houfl ,,, '"• w1<•11,.ty for s..cr. i.mo. '" c:onnec:110t"1 '""'" ,,,. w..,..,,'"9 ot Ol\ll.,,u,..1...,01 . s..i .. ,,. 
111 sore 1uaom~1 11'•11 eo"C1u11 .. 11y dllef""ne !I'll Kluoll """'°"of r.ours ol ooe••1tO" t0< oeu111<1um ,..,,,O• 

n.,, .,..,;,,.,Y •S """'et: to ••Dll" or ftrDfKe..,.,.t, 11 tl'e sooe oouon ot Seller of .,.Y 011•1 ""'"<" •s 011ee11v1 ,,. w0t1<m1n1n1g 0< "'llllnlllt u1.o ,,. "'•nutKtute ""Owe--11• ,, S.111!• ,, "Or•t...o of sue" deteei '" 
WCl'l •1"'0 .tno t..Cll 10 'O!OOICI rne "'""' ...... o. tnero 1a1 S.1111 woll •l!OIK• SUCl'l 1 .... 0 ''" ot e .... 9. ,, Seller •I "Olll•l!d ot Suell dl!ltet Wlll'I'" 90 OIYS ot sn•Of"e,,l DY s.111!<' o• IXIO•I! .te:: ..... 00111110" "'°"'" !O 
'·• ot !"• nun">tle• ot ""'"'"'"° l'>ClufS Of OOl•llron IO'f sucn 11"'0 Mf IO<T" 1oov1 wnoc:trtYt• oeeurs ti•111. ano ltH •' 5_, •1110111•.o ot suer. aetect "'°'' '"'" 90 01\IS 11tte<' ""°,,..."! 11v 5.,.., or altf" ie:ui• 
~•11on tcul• to"'°'',,..,. ·, ot ,,... """'IM'f ot "ours.,...,,.,.,"°"°"'' ot OOl<lllOl't tor sue111.,,,0 ,., tor1l'l 1D0¥1. t,..., Sellet wtll reoiac. suc:l'l 1...,0 II Se•l1·,.s 11\fn eu,...,1 oroc:e. alte• 91'"'"'9 • c1eo11 
~ 10 1nt•H110I' ot tl'e tOllOw.nq l"'OU""· '" '"" o•odUC:I ot Slllef"s 1,...., c:ur•.,., oue1 - 1 lr1et'°" ..-•<...a 111 H IOll0-1 S..0111e1 l•om l6S 1,,. nvmoeo ot cnvs I~ sn11)P"11!'11 OY Siller 10 S.- s •K••Ol 
of f>OUCI ol oetee1 ... at ..... OIY•CI ! ......... ir 0¥ 36!'i. °" IMI '"' OfOQl,IC;I ot Seilel s !!• ... e ... ,. ... , one• - • l•ICllOI' -IQ II .. IOllOWI SuOlrlCI ''°"" tl'e r.umoe• OI .......... "° "°""' ol OOlfll•Ol'I ! ... IC! .... 
~ 01 l'lour11 ol OOlfll•Ot'I. ar:c r""" O•YoCI tr.e resun DY 1ne ,.umOl'f ot w"""'l!d !lours ol OOe<'lllO" No 1...,0 w•~ 1)1 •t::rl11cl!d ti •f r..u tln" ..aeo 1oov1 '"' "'l••mum eutfen1 •1""9 tor sue,. 11,..0 
l)UO~t"ed ,,. Sr11• t e11..og. ')' .• • ~u oeen useo '" '"" ,......,., "01comc:ut1"Y"'11eeorc.,.c:e .. ,,,. '"e 'llfl oi.onll"ICI '" St1•1• s ca1.aiog 1"0 in •ts 0111 '"'"' 10< suc:i 1amo 
IV. HOLLOW CATHOOI LAMPS. S ... o.ec: 10 !I'll!' "'"'•llllO"I. l•CIOllOl'S .... 0 C.-lllO<"t HI !o•t" ,~ 01r1911ol'I V I~ Of 5 ...... I r.oNow Clt"Odl! •11mos Ill -olt•af'teo !O :"" 0<•9'"al ovrer.Hl!t for 1 Ol!"OO o' 
l~ "IO .. , ... IOHQw.n9 , ... 0111 o• ,,,,0,.. .... 1 !)y Seo. ')f IOf 5.000 "''"'""°"' "0UIS o• OOl<IUC .. N"IC" .y .. OCC.Ull h•sr. :)1'0YHH0. "OWIVI< !1'>11 '"tor .. OllO ... C:l{"<IOI 11"'01 ... Nl>tC" '"'" .. ,.. ... IS lrtef'•e 
.....Cloll'V Qt' 9•• ........ ..,. UleG. J.000 ........... Oii'. "OU•S 1Plllll Ol IUOSlllUleG tor !'i.000 ........ Olfl "0U!'I .... f"I .. ..,..,,IY '°" S1,1Cl'l 11mos· .... a IMI '°" Olf'4>f "OllCw C.lll'IOO• 19"'01 IOf wl'lo(:l'I I tesff' "U"'OI< ot 
w111ren111G '"''"-a.r• "°""' ol COlfllllOfl •S OUOllll'l«I'" SeMl<"I e111109 Of Gal• S""'· llilC" lff11fr """'°" 01 ........... oer. ftOul'S Sftall 01 IUDSl•tullG ,.,. 5.000 milllllmOl'I "°"" ... f .... Wlf• ... ly IOf IUCl'l I-· °'· 1 .. C0"'"8Cll"" ..... ,,. : ... w ....... ,..,o Ol l'IOffOw e•f!'ooe 1..,..01. Selle!''" 1111 SOii! IUD~! ,,, ... C.Orlf:lulOVetv O•t.,_,,. ,,,. ICl\,1111 - ot ... ...._. "'Ol.l•S ct OOll"lllO" '°' i.oirow ~11noae •• ,,,.,, 

1'1<11 .,...,,.,,.,., • :•.•.a ~o •110." Of reooecemlftt. •I :l'le 10110" ot 5-111< ::it 1ny o&rt .,.,.,c:- '' Ot"!CI,,,."' wor'"'""'"'o or "'•teria•s used,., ""llf'lullC:ure. ,.;awever. 1f Sr!er •S tlOl•hlQ of suc:<i dtt.i:.:: ,,. su-
11"'0 arc e1ec•1 :::i ·~::1.-ee :,.e ""'"" •a,..,c. :"'" ''' Seuer w•~ "!llOllCI SUC"' lamo 1·~ :ii ~"'i9•91 •1 5"""' •S "°'"'"° 01 'uC:l"I Oeteei w•f"'" 90 OIYS ol S"'O"'•"! Oy $1""' ol ot!Qt't 1e1u11 ocer11•0" f!01,1ll lo 
I"• ,.,_moer :;r .... a,.ant'!ll "Ours er! ooe• WC"' •o• sue" .1mo oe! ton11 aoove. ,.,,,e,.•Yer 0(;:.1•i .. ,,: 11'0 •01 ,f S111er 11 "Otil1eo ot 1ue11 e111t11e1 more f"I" 90 OIYS 111•• '"'0'"•"! OY s .. , .. or an .. at" 
ooerat•on !01.1.t• to '"Of! :"I" , of '."e ··u"'O'' of w..-•an1f!CI "Ours of ooerauon •or sue"' 11,.,.0 saf 1011,. 100..e tl'lt" Sei;er wdl ••011c11sue:"11mo IT Set••• s r,.,,. ;u""''"'' O"CI!. 11te• ll'""""9 1 c•l!Cl•t '!0Ui9• 1 · 
i"e "!Uf!' .,, :"""!' •011ow•n9 ~moun:s , t"e :irocue: or SO!llf!• s :""" e-=1•'!"! ::rn:e d"O 1 trae1t0" ~rttYttO 11 at IOllQws Suo1rac:1 t•om Jl5S f"e "'-'"'Olf 01 ::!llYI from sr.•cmf!"I OY S4'H'!• to Se11e• t ·~••ot 01,.01 .. 
ot e111.,c: l"CI :,.. .... '.l•Y•Ce :.,, '°"'"'': ov l65 or""!"" :iroouc1 :it S~·•e• • :""" eu<rel'! o••ce 1no a "llC:•o" l"'v"c at u •o•+o ... s Suo1•ae1 'ram '"e "umoe< of ""d"l"rec ,.,,11,., .. 04'ft "Ourso• ootl'•lllO" Tr. 
ae!ul' "\un'IOe• 0' -•ll•1mo11re "Ou•S er 001•1!•0" l"O '"e" c:l1¥tttt !l'e •esu•! Ov '"' .,_,..,Oe• ot w1rr1M~ m1111amo9re "0U•5 or OOl!fl!10" No '•"'0 wu• 09 •eo11e10 ,f •! "IS Ott" used aoOvl! :"'! ,.,1.,,,._,,.. 
cu'"'"' '11•";$ 'o• ;_ . ., •a,...:i :i1.1o"S"<!O ,,. Se"<!' s c11a•oq. er••,, .,as O<!O!'"' usec:r '" ~nv "'"""'" "0! CO""O"~""'" ,,. aee::•c1nee ""'''"' ,,.. a11a ouol•S"l!'O '" 5.,.,,e,·s ::a1a•o9 a,.o ,,., "'I! aa11 '"••T fof sue,. '1"'0 
V. LIMITATIONS, !XCE,.TIONS ANO CONDITIONS AELATl""G TO WAAfllANTIES FOA At.1. LIGHT DETECTING DEV!Cl::S ANO I.AMPS. ~II o? :"" aoov'I N1t•a,.r1u tllllfl"9 :o agm oetect'"o; 
oev1c:!S ,,..., •.t,,,os a•I! suo-ec1 io l"e !ouow•"l: aad•l•o"•' 1"""'"0"S e•eeouo,.s l"O c11,.01c10"' 

1~· .:.r., · !<'"' '°' a•'"'j9f! or'°"' :o a str•om~"' a11S•"9 out ot O• '" """ wl" eon,.eet'C 1::: dam~qtr ,,. tra,.S•I •Snot ccr .. e•ea ov l"v """"1n1v 1"0 sue" cia•m "'uSI oe "'i9CI! 'Jlfl!C!IY io ine oer'"'"""9 ::•mer 
w•I"'" '·v•C.J·. ·• ·eea•c::: ct::"!' s.-.. :..,,el': 

<Sl ~·e··~s .. rs ,.,.us: ,,.soec: a110 :es1 •ll ••9"' oe1ec1ors a,.o !11mos •"'O nor1ty Setler ot l"Y e1111m unoa• 5f!l+e<·s ... arn1nry 1t1s•"9 ::iu! or 1ue11 •"soee110" a"d tut w•I"'" lO cays alier •Keio! 01 5,.,0,..e,.t 
~••lu• .. •o Of!"')''"' sl•O "'C':!"''"9 •"•oec •. .., .. '""" ""''' l!'ael' e•a""' •o a ,...a.,..,u.,. ol 1S0., o• '""01ee ... 11ue o• •• ., ~9"'' ~l!!!'eto•s ,,.c •1mos co .. e•'!O l::IY s;..:::,. ::,.,..,., 

·C S••le• sna" 00! •e•O!aseo ;,o.., '" ~0119111•0"! u"Oef r:s wa"a"""' 10• d•"'f9l!O "9"' :ie•'!'!1ors a,.o 1amos u"•en .n 1 .. ., so•e oo•,.•C" or SeHe• 111e da,...age •s cue 10 11e11 C"1.:1t or 1 erac~ ,,. • graoeo Sl!lll 
r111ulfl"9 o"ec:r~ trom a ""'"u!aet,.r·"g ::t!ec: 

,Q, :itile• i,.au oe , .. ••nl!<l lrO,... 111 00"9•110"! i.l"IOtf •ts wll'ranues to<' any 1191'11 a11ee:or o• '1"'0 """'<""',,.'"I! oo•t 11.109,... .. ,.1 ot SeHe• "note" dl"'l91!G. all'!•f!d "l'QCl1l1'!0, aouseci. !Tl•susec. or ,.11 ,,0, 
tleit" oot<atec •"O '"l•"!l•"fll .n a 11•011e• ""I"""' 1no ,,. 1ecotdl"CI w.11'1 S111e• s .:111109 •"O :"• Oii• Sl'eet '"' !I'll! 11•oauc1. or "•S ""° l"I! H"" ,.u..,.,o" ryoe ""'"'O••. ,,, 0111er 101m1ly""Q ""'"'°" 
QOl1te•l!!'O o• oe•aeea 

1E• No "9"' 'letee:c·• "' 11,..os w.+1 oe aee•oted for •l!'!u•" vn•en Oll'""•SSIQn lo• tuel'I 'f!!U•" "II 011•" OOll•"l!G hom Selle•'" "'"""9· :"" s"•O"'•"' "•s oe"" •etu,..eo lfergl'll o•eoaoO 1"0 ,,.1u•l!'O. !lie 
Oetee:::-•~ O• '11'"'0~ J•t QIC·•O ,,. '"""'' 'l••q•""' OO• a"<I .ceomo.,..eo DY'"' 0"9'"•' 01111 s"eet lurr"!"..:l to :"e Oufc"•se• 1"0 a lull wr<tte"' 110011"1!•0" :i• ,.," •eason •o• ·~e<:l•O" ot e1el' •!em ,. 11 II••"'"'' 
....... o 

·G• Sl!lll!'I" m1•es "0 "'"""'Y ol 1l"ly ~•"'!! """" •esceet 10 1rw oro1otyo1 or dl!Ye<Oom~111 eou1omen1 or orcouc1s. •~Cl!OI w"ere 1 soee111 .... ,,.,.,¥ soec1tic:1111, eOYI!•~ sue111cu1omlftl Of oroc:rue:s 1111 
h•ll 011" "190l•lll!O .... , .. s ..... lncl Sii 10'11'1"'. Wlll•"q siq .. eo OY Seiler 
VI, INSTJllUMINTS. $ua..,.• :., rn1 _,.,_. t•Cllll>Ol"ls ancl c-.._.s set fortl'I oe+ow. •"11tUr'P'llf'ltS said Ov Seller 11'1 w¥!'11'teG H IOllOws: 

Allot Sell" 1 "'"'..,,....," .,. """''"'''° 10 1n1 OftlJI"'• °"'e,.._ tor• IM"OO of l 2 ""'°"''"" IOllOw""9 ""' 0111" ot ""'°"""'t 10 '"' on9""11 purc!\111" or• --oa of 1 s ""'°"''"'' foilow>nt rhe ct111ot 1...._.,,1 
ro "'9 oos1,.t>ut0f wl'bCl'ltYl'f oer100 •I comOlltlCI hrst. n.,, wlrflntv 11 l•""'ftl 10 '"'"' 0< •eotKem.,.1. 11 tl'le SOii t'leCltO" of S1111r. ct..,., oll"I w"oC" is oetec1,... on wor-mensnoo Of "''""Ml us.a,,. 
maf'utaeiure Pl.itC:ftllet' '"'ull 11011tv S""9r ot sue:" o.tec:t .mmeo1111v alll'f mte0¥1'Y ""'° mu11 9'"e Hnsl1c1orv oroot OI 1UC:" 011ec1 o'. uoon 1eaue111 •l!IUt,. 11\e oeteet,,,. •t...,, 10 ff\e s.- ,,. """"Olfte•. 
Ne ... Je•teY. at ou1c"""" s uo.,,11. far 1 .. m1na11°"' I" IOO•l•Ofl 10 tl'le foreqo.n9 t"• t01to••""!J ll•C.eol•Ol'S 
11 ... 1111.c;,.1. 11nc1 ::o<'O•''°"' 10 51111< s ,...,,..,,,., .,. •oOl>C•D'I 

,.=,.. 111 .. v e•OltnolO•I! eomcon""t °' ICCllSOl"Y. sucn IS.°'"""' YKuurt' !uOI °' O•SC"l•Q• •1"'0 • ..,,.,c,, 514~ "•11 •"COtOQflled ,,. o• IUf1'11S"IO IO• UH_,,,. '""t'U ...... tl manulKl ... l!O !Jy s .... , .... ,o 
9'"'• •taso,.101e tf'Y•ee to• a •elSOl"aOltl oe••OO ol 11me. S.11< w.i1. at •IS SO'I ei«:f!on •t0t11ee Of •101111 sue" eon"11-t o• 1ec111sorv W1>11 CO"ll•tu1e1•e1110,,.ore11rvoc:1 and wl'lll eon1mu11111 •e110t'llOll! 
OIJ•OC o• .,,.., s,.111 Of! d'!!e•'"'•"eo so•- ov Set•"',,. 111 aasorute 0tscr111on 1111' s.~ .. •s"' oouen•O" ot 111 rtre t1e:s ec"e"'""'9 QOl!•lll"9 e::i,.omo"• 11no 01,.., 1111"11"1"! fac;10<11r>e1 ell er sue" eo"'oo...,...1 11• 
aecesso•" "U ::""" •elu•.,t!'C to i"e S•11r 1r1,.siror1.c1ri,. oreo1o0 

a• ~orw,c,.s=anoor•-; '""f"'"ll :o I"• CO""'"' eo""'"ftl '" tl'•t ?ar1qrao,. VI Se•• .. • "".l•es "0 w•"l"IY eo,.~ .. '"'"9 l"Y ::::i..,oo,.en1s or 1ee11no,,e1,..,.tt:!'O1•• not ...,.,,,,11e1111e0 bv S.111!' Out """'e" 1•t 
•"CO•CO••!e<l llf <.rHO <n ::l""K!<O" w•f" '"Sltuml!' .. IS "'il"Ulle:ureo OY Setlf!• ... O .... '!Ve• ,,. ~"" !Y!"f :>!!"I! Ta•+u•f! !;'! l"V Suell c::imoO"•"t Of aeeeno•Y "01 .......... 11e1u•eG ov Selll!f S!lilf!• Wiil 9'"• 'f!llO,..•O•e 
ass•s:a,.ce 10 ou•C"•Se• "'set1••"0 a,. 101u11""""' TtClf'1" '"" .... .,,.uiae1u•e 011"'! •!e"' ,,. ounnon :Jul!(! on '"I! "'"""'l1e11.1rer' s 11w" .... .,,,.IY .. r 1,.Y 

'Cl Se11e< S"IH 01! , .. ,tl•Sed t;o,... 111 oou9euo .. s U"Oe• •IS w.t"l"!•l!S !Or any 1nstrum .. ,.t "'"'Cl"''" !"f! so•e 1u<:lt;"'e"I ot S1He• l'l1S :tit" Cll"'l9ect a1te•ot0. mo01hed. 1ous~. ""'sus10. :)f "•• no1 ::ree,. 
.JO••a1ect aM '"'''"'I'""°,,. a OfOOI'• "'a"""" ano ,,. KCOroa,.e• w•!" Seder s e11c11oq 1"0 !l'lt ::::.111 Sl"l!'tt ro• Tl"'e o•oaue: ::i• n1s 1'110 l"e sen11 """'°"'· !YOI! """"'°''·or 01""' 1oen1•tv•"9 """'oer oo .. 1er11ec or 
oe•aeeo 

10• """Y Cl••"' tor 01..,aqe ot O• re• S"•O"'e"' •"5'"9 ou1 ol O• ,,. 1..., way eo,.,.ee1eo 10 c11m1e~• ,,. 111,.sn •S ,.01 eOYlfl!O OY '""' ..,.,,.,.tv. ano sue,. et.,..., ""Ull ::re"'"'" Ctfect1v 10 I"" ::::1111v11""9 carne• 
""'''"'" 'rw., OIYS ::11 •l!Ce•O! :r '"t S"•0"'t!'"I 

1E1 ?ufC"''"' must •"SOtct '"o 1111 a11 •"Sl•uments 11no "'011fy St11er 011,.Y cia,m u"o•• Stlll!f s w1tra"rv 11rts.n9 our ol s.ucr. '"•Ol!C!'°" 1r>e1 test w•t"'" JO dllYt .1ne• rec11101 ot '"'O"'l!f'' F1.,ure 10 
Oll'rlO•"' sa10 '"C0'"'"9 •nso.c110I' 11'1111 ;,,..,, eael'I et11,..10 11 ..,1.,mum ol 75'!!, ot '""'o-ce vatue 01 '""'""'u"''"" co'""'"° Oy sue,.~ 

1Fl No '"ll•u"'""'s """'Of! .c:ee:ir!HI tor •111u•" ur11n1 oermtU•Ot'I lor suel'I retut"' nas oee,. 0011•....., I~ S.Her ,,. w"""9· ll'le tl\lornenl "'' O<ten •etun'led lr119l'lt orec.ia 1"4 ,,.surl!O. 1n1 ""1!~11 are 
OK-l!O ... ,,, .. , °''9'"" 00• ... d ICC.0"'0'"''° CY '"'" Ofll)l"'ll dill.I S"Hl tu'"""eo IO tl'll! OUfC:"llH!' '"° I lull W"""" uol•""'°" ot me fHSOI' ,,,, fl!!ICl•a" ot '"" ., .... "" Ooee" 1..,,.,ll'll'O 

1G, .=.11 •11oaorf!CI .,.o •eo11e10 '""'" w•H oe oeiov.,eo 11v S..+1e• F O a. Sellers f1e1ory 11 M•OG111e•. N.J. 
!I-I• Se•lt• ..... Ill "O WI"'"'" or 1"¥ ~ ... o Wlf .. re1oec1 fO ... y OfOIOlvoe or Ol!VetOC ...... t .. l!Cu•ome .. I °' ll•OOUCll. O!•Cect ... ,. .... SOIC ... w1t•1ntv IOK•fiClllv 0:0~"'9 SUCl'I eou•Oml!'""I or 0f00UC1S ... s 

'"" 01!1!" "egoi.11eo w•I" S1111er .,.0 SI!! !Ori""'• w"''"9 ''9"l!O CY S•Ht"O" 

HAMAMATSU CORPORATION 

360 Footn1i1 Aoac. Sox 59 1 O 
Brio9ewater. N .... 08807 ·09 l 0 USA 
~one· 1201 I 231-0960 Te1ex: 833-403 

2444 Moorgar.:. Avenue. Suite 31 2 
San Jose. CA 95128 USA 
Phone: 1408l 292·8603 
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HAMAMATSU CORPORATION 

n"M9 A•D COlllDIT10N9 
TMI QtlOI• ,Ott TMI GOODS !THI '"QOOD8"'1 SPIClllll!O ON THI 'ACI Hlft10' IS Ul'Off 'l'HI 'OU.OWING IJCP•IU 11111MS ANO CONOITH)NS WMtCM TOQITMlll WITH SAID 
OJIDlll IMAU CONSTITUTE TMl INTIRI CONT .. ACT !THI .. COWTllACT"'I llTWllN HAM AMA TSU COlllPOU TION ITMI ''SIL&.1 .... 1 AND TMI IUTlll tTMI '"8UTllll .. J IMOWN ON 
TMI ,ACI MllllO•. 
1. TllllMI ANO CONDITIONS • .lll ,.,...,, ,..., c:_ . ..,,,, ,.,,,..,'.i :: ''"' H•• : 1 ""• Yoocs O• """'0 .. "'9 .:i• ~or•v•c:n 011 S.- ¥e ••H 100'1" ...,..,. '"'°'.C' 10 c:!•111n9e ov S.- w•l"Oul "Ol•Ct Tl'!~ Co"1r1c:1 
IUOPS.Otl Ru .... s O•CI•• ::11f\• ::i~'""'•"U" or ... , .... 1000 ... .., l"~ 011'1 .. c~··~C:I Of CO'"'""''''°" '<!"11"'\i ::: , ... Gol:ICI• C:-1 ................ Sr..- .no ...... DfO••· ~ ... , o• --"" ot ,,,,.... oar•v Tft<s C;;inl•ilC:I 
C:Oftl- t"4 •• ,. •• anoc~lt "''""' .... a-.1 .... ...., 1n.ta.,,_ ol"CI ,,.., ..... "O •eo<e1...-111oons0f """''"''" ··or- Of •"'Oheel. _,, letlMCI 10 , .... Gooo1. ••CHI II llMClllC811¥ Mt IOflft ..... ..,. T~ '"" 
lflCt "' .. no1 IH Cft-"9:"1 Jr , .......... 1911 Otrl ... "'"° ftft Cf'I.,,..,., 1...-.1'°" Of --- 01 .,. .. 111'0..•-· .... eo, Of 01 """ •ifl't _......., '"*' M llor'OOft9 Of! ,......, ""'"'•I •• ,,. -111"9 .OU ~ !ho • 0,..1,. 
.... l"Ol'llllCI oll<C ... ,, s.. ... fllo ......... o .. s- of - w-1 ...... - .,........, ......... OI .,. ... IYOMQ ...... : :!<"Ml '*"""•of s..i.. !O oo.ect 10 .,..,._,.. :lt"tltn.0,,. ...... o~ or Of,... CO""......,.ICll•O" ''0"" 
""'"'"'~nor ~•COftS••wlCI •• ,. ...... ,. ,. , ..... ''"'' :'f • .,.._ ot,...... ..... ._... '"'' ... KC:llU, .. O:. ot ,,. .. lwC1"1 O'O••l>Ol"S 
U. ,.IUCl9 ANO ,.A't'MINT .• ,.., O'•C:H ..,0 It,..... nt Tf'l•S COf'l•KI lfOt'IOI ""°'9Ct to.,.., .,.1oc1e11'°" Of"'" OllCOwftl, 10 - rt1M1eor ""°'°'l•ClllOft. Of IO anv iracte CYSlOft'I 01coo1 H lftOw" 00" .,., !let 

....,...,, No1_, .. ~,.,.·CIU'IO !'"'" to•tt;o..,;. ,,. •'"'* o• S.11., 1 h...c:tulll"9 c:0111 ~..,,.,.,.c~ rtucl..,.tlOftl. •"'Cl 01,... 11etor11ttect"'9 S.- ;Jnc:H "' '""" '" :"'• CJ•Hrac1 !or'"' Gooo1 ... t1.t0tee1 :er c"aroqt o .. 
s..i .. ''°"" ·- !O , .......... 1·•0...1 ~t•Ct ur ...... 01,. ...... _ oftOoClleG Of!'"' llCt "'Of001 llCft •"'O"'"" Cl l'"• Gooot 4 .. l'ltl ... or "'Cit,,,,"",,.,,_, !lftlOl'fteftll l'ftuS1 IN~'°''"'""_,_ 30 Ohs Ol 1114' 
oe:eot """ ..... ooc• ,,.,, •·•C" sl'\IC>""'"· suc..-c:i 10 - '"·"'' 01 S.... r.01'1~ '" '""' COftlrKt 1croirmari0tlf-•"'""'" 
Ill. TAXES. A.II''""'· .... OQt, .. nc i!'•OfYI Ouh.S .... o .......... •""CIOSIS - : .. ti Ql"l 1"9 Gooc:tl "'"'l!'l .. 11" .. _ ... Sl•ftq OI ..... u .. olfterot.eaor modof..a. - ... ""..-UIKhlltlt' t••ff ...... ll•tl . .._. 1 .... or 
1•••• o• o;.;1••• ot ,.,.,. "'u"e *""l$'lotv- ... ,.,c,. "'Iv oe •n•ssec .:1q .. ns1 I"•• O•OI• l"I~ "'aoa"° 10 '"' O"C:ot '""w" on"''!!' t11;e "~"eo' ...a sn111 oe O•oc:t o .. 9..,.,., ,., '"".,,...,,Se...-'' ·~uitt'C too••.,.,,. 
sue,. If• or o ... h. :"•au.,.,,,,..,. "''"'Ourso s-r 11.iru~tor an oem- c:i• ,,. _.,a• so..i;" Of•IT'lef'll. St1•11O•O••O•S.-11ll'lt11me 1"" oro., •S s"'°'""lltO .,.,.,. t•l'l'l'IOl•Oft cer11toc:•1H or 01,..,. ooc""""'" .cc10 
:1000 10 tl0•"9 01 CY510,..I "'l"O<U•ts 
IV. Cll(DIT. 'r"h\ 0"11' •:ii'""".,.<'! JCl:ICI!~ SuOot~· !'l St- s IOOl'Ov., '.I 9.,,.., Sc:t.011 ltelll"''"'•Olt •1 ,.,.,. ""'' - lrOlft l•mt 10 l"''f 0¥ 5-tllf 1ft Ill loi.....OQf""" lllfl:IH•O U'f '"'f\011 QI l"v u"tu1loH1<1 
OCl"h0"0' l"'SCo·•1•.1c.1. s.- ,,,,, .. ~ .... <'!'1f"t<'I' ...... Ill""·--·· ""OOll•OIClnClll ... ,""°''0' ..... 0011••11oume--1 . .,..,,.. .... 0 .... -- oe ... llflOO IO•K-11•• ...... •"'CISftoe•ort 
~or o .......... 011 ........ - or ..... 1:1 .. 1 ot l:\o! Goocl• '"''"'°"JI ... .C.1'"9 , .... OD119"hOft OI eu .... 10 ~O""Ol•lt ..... COftlllCI \JoOfl I-• OI ., • ., IO ............ l...ct' IM,,_,-"""'""°'" 0--· 

S..... .,.,.., c., c:.• 11>1,...,..,.,., .u :,., CCI"""'' ... o - 01...,. cono.:1 ,,.....,.,.,'"9 IH• ... - a.. .. ~ - S•""'· -~ Mii lllor..,., IMl'I ot tftt' ""°""""'eo Gooos. w•lftOl.ol ft01oc110 .,,..,_ ,., O\ICl'C or 
Of"'"" fo-. "O!Ooftq 11o,,.,.., ~•oot 10< ~"• 0-tql! or ltft-•lllOHlft ... l"'CI 10 s.tltr th •••$Oft l .... eql 

Y. OILIYl•Y. A.II C.ono111t SO'CI ~ 0 8 OIK• ol ·-· r .... IOOlllllClr" 10 ""''""''Oft •S '"' •nOO"'•-•¥ ot e.u .... ~ ...... ...,.... "'-*' .,. ... '"'Cot! ot tr~l ...-0 ..,_.,,c:• OIV ..... ova.. .... II 
bolllO u .... u MMC•ltC '"ll'UCl•O"S ... 9 ....... Ova.. ..... S..ltr ....... _I '" 111 SO>e rud~! I"• ....... 00 ... a •Cult ot ,, ......... , Tl'\t o ......... ot , ... GOOCI• 10. c: ....... - , ... •SSUl"CI °'" ,, fO Selle• OI I Oo>t o• 
l'°"'9 or •ect101. or ll'lt ~ o• t,.. Gooo110 a.,,.,., or 10 _,,... 11•w Clff>i""ltC :JIO au. ... s~ oeo""'90 10 Mc:-•~ 10 lhwer crl tl'lt Gooo1 c::o.."'° """'°"'· - '"• a•r• 011t'lfOo11 ol 
lllON'O Of 1.c:11111 '"""° ~ ,,.. '"" ... o• '"' 0•11 ot.......,. o .. S.. 10 a.,.,.., . .,,_ 0t c:o11e...,-• o•oo• Of'"' 0•1• ot SWC" ci..,...,,. 10 .,..., s...·s •ts---.iv "'-" t"""""• ...,,..... fne Gooo1 ., • 
....... .., to,,., C:I'"" or w,...,. ,,,. Gooos are o ....... ..., Of ... ....a IO ...... or 0- " .. , ... ~1.0 Ov ........ ' '"Cl .Ill r .... Ol IOH or~· ... ,,.,..., In.ii 11'•• ..... oon OHi '""ll'IOOl•I- ICI '"' ........ '" C:llts 
ot c:or>c:ealtel Cl'"'"llt •UC:" 0"""91 "'""•' a. •toorttCI ro '"•a_.,.., c:.,..., w11"'" f,._,, 151 oav1 ol Ot1''""'"· ....., 1 c:onc:e...a Cla"'19• •1oor1 "'4,iSI tie 001......., ''°"" 1"' camer 
VI, DIPE•AlQ DlUYl•Y . .lo.M Gooo1 on *"<C" Otlo....., •Sdll.,r.O •111'1 •1<1.,...i ot O• OK.._,.. ot II"""" OI Cl""""°'" Cl.,.,..,.., •I Olletr.cl •I ll'lt OOllOI' ol S.lle-• .,.,0., .,.,. ot ll'f ll"O"'''o"s of'"'' CO"fllC!. 
J"lfl Cle 11 tl'lt ,,, .. o+ 1,.t a.. .... S_.,e, •'" .001110<" 10 - Ol"tf "9"11 or r-.ooet 11 ,...., l'law• ................. ,. "Old ll'IC lcrrt,._11' 1ftvOICll IUCl'I Ci.ooas IOI '""""°'all ~-I Stiler 111 .. 1 "OIO '"• Goool .i"CI 
,.,..,.. u11e t"'OfOIO H MCu••I"' tor t"''""CICI ·- 1,..,eot ll'IC for SllCl\Olfttl s..,ms H "'""',....,Of'""""" ot ctue trom """'" 10 S..... unotr "'°" COt'lrKI or'"" ot....,COflllllCI 091.,...,. fl'le 01t1oe1 $ell., 
Sftlil na ... 111 •'9"''· '""""°'".,Id.,..., 11 at1 """°"'° Selilf 11 Cl'OlroGOO tor.,,.: ..... II S..... oeters o-" 11 ,,.. fOQUtll crt or bec.1111e ot ... ...., or •1 Seliet 1 00toon. ll'IC wt"f1..., 0t ftOt S..... Dolll tl'lt Gooo111 
all0"9 OfO .. llMCI . ...,_ ....... M lilOle IOI '" SIOllql. ""-...C•. "lftllloft9 l"CI Ill 01rwi C:""'9ff or''°"'"' lf'telJneG 0¥ s.i.r °" r ...... ot me CMletr.a Q91tvet" ...... II IOI'"' ofttlfffl Oft '"' co,.rr1c! O'ltCI 
ot tfte Goom II tl'lt r110 ot flVl'IO't"I • 18"'io• OtlC.,.I Get~- or. II Seller's - 0011or1. •I tl'le ""Jftell Ille ol "''""I Clef~,...,. 09'l"9 o..., 0¥ Seller 10.,.., 0"""· tram lftt' "'"°"' Clllt 10 0111 ot 
!Mvmtftl 01 ,,.. "'"°'c::' a.,,.,.,, ... 111 01~ tu<:" sum•. ''°"' 11- 10 11"'9. ""°°" o .... ...a ot t"• Seiler At ,,,,. !•"'• *"'*' ~••so "OIG""J '"' Gooos. 11 "'••. '"•fl sole •11<1 aoS01u1t 0itc.re11on. cancel '"" e"'°'' 
1....,s t••-K :o au.er 
YU. INST ALLMINfl. °"""""'" ot t"• GoOCls '"'" Ot ,,,,.., '" "'"'™"""'' .O oe11uu '" "''" 01 .. ,..t"! =~ a.,,.,., •tier 0111..,trv or offer of OO'tvtrv ot ...,,,. 011'1 ot '"'"""""'' "'I'" u i"t OOllOI' ol $.tller !It 
~ 1 oel~I •" 11"11 """' C<:t"lflC: :.i.oon SUC" o•llYlt or UOOf\- 01,,., 01f1Nl1 or Ol'OIC" 011n11 C.)"lrKt O" ltv""· s.Mlf. II •II 001...,. IW 9'""'9 "ouc:e '" """1'"910 .,.._.., 01 •11...C:l•Ol'I so 10 CIO. ""•~ 
Clftetl '"'' Cont•KI..,... suc:n 011'1 .. CO"l'Ktl .. ""'"' ..... MIWftft --~ Setler l"OtOI' ,...,,,. o•ltr t.rllll"'etlt Cit~ uftlll SUCft O•l~I OI OteKl'I •t C:l,ll'M l"IOIO' "'" C-tl ..... unCIOltv9ftO OOttlOftS of ll'lll or IUC:l'I Oll\lf oroers ll'IG/Of "'I" 0-- .-.cNle INV- ot .. OVISt~O DINI ol ...... lft '"' ... '"'of.,.., canc:llilallOll °" ,_..,. Seilet ......... _ t,,. ,,.,,., 10 •K- Olf"i199S ..,.....1 .. _"" ·••IOI' OI ........ I atll&ltl OI lJllOI' O•t•C" crl ,,,,. ConttlCt - ........... Ill QI ...... 0 .. 1 ot ,,,. ""'°"''""'"'° Gooo1 wtrl'IQul ftOUC:• to""""' •I DYOIC Of crm.11• HIO "'OICl'"9 luv .. klOOt tor - ..... ..,. or ""1nc:111 
• .,,., re1"""'"CJ 10 S•ll•• ov ''''°" 01 e ....... 1 "•''""' o• .... ac., 

~ PU9LJCA TIONS. ?uo•iCll•O"' .:tllertOlftq S.•ltPf s Of0011C:s ... '"'i!'"O•O 10 O• r~o1c:a1 ol OH•C" ....... 'ilC:IOI ann Oeo-f0f"'l"C:•. Ou! ,,. f11tfl'l'llt•v•s 00 "01 COftllllYt• I s.oecdte Oii"' ro lltN '" ao:eo•OI"~• 
• s111t0 soec:1f.c:111on1· ,,..,,, 011011co111on1 oo .. Ot Orl'l('I S111er '" ..,,. ""'" 

,...:. AP~l'IOYAL IY SELLER • .0,1 o•Otrs art suo1ec: lO 1oorov11o .. .,.1u1,.0<1tl0 off1ctt of S.111•. "Cl H•H""I" •S IYll\Ol'IHO io 01f\O s­
X. MINIMUM SIU.ING. Jo.II O•Oe•s ••• suo1ec1 ~o. ,...,,.,,...,,.."' 01ihn" rit '2~. f•c:luS1 .. e ?f t• ... 900•!11•0" or 01"11'' COSIS 
XI. NO QUOTATION. Tl'•111s 1 Com••c:: fn(I f\Ot a ouo111oo,. uftltPH l"lt .. ore CUC':":. TIQN" ,5,...ar•i!'C 0" '"' 11ce ""•of. AH OYOtll10ftS ett 1...ooec:c to f!'1e te•"'s .1no c:o,.Ool•C!"'I 01 51•1! H! 10'1" "'°'"'" 
XII. FORCl MA.llEUR£: SHIPPING DELAY. Se<11• '"au "Ot oav O< oe u10.e tor eftv :ie"lll,. O• ,.,.., O•""l9H "''"~ 11ou•OlllO or Ot,.l!'•w•se tor ••te c=euvt•v Of ,,.11..,.ll•OI' S"'ooonc; C•lls l<i!' 1oo•Oa.,...111 
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GEM Parameters 

Spaghettj Hadron Calorimeter Wjth Ljqujd Krypton EM 
Copper-3% Fiber 

Absorber Volume 211 

. Channels 4692 
' 

Mechanical Towers 1564 

Se1m1entation 
Eta 0.12 
Longitudinal 3 

Material 1612 
Copper Sheet 1416 
Copper Tube 142 
Lenght of Copper Tubes 2,770,000 
Structural Components-Stainless Steel 35 
Sheaths-Copper 7 
lnner Rings-Stainless Steel 7 
Photomultipliers 4692 
Lenght of WLS Fiber 3,462,500 
Number of WLS Fibers 2,216,000 

Interaction Lenght 
Hadronic @ eta=O.O 10.60 
Hadronic @ eta=0.3 12.60 

Assemblies 4 
Half Barrel Weight 461 
End Cap Wei2ht 345 

Dimensions 
lnner Radius 1500 
Outer Radius 3450 
Length 10600 

3/6192: OAK RIDGE NATIONAL LABORATORY 

M•J 

Eacb 

Each 

Eta 

Metric Tons 

Metric Tons 

Metric Tons 

Meters 

Metric Tons 

Metric Tons 

Metric Tons 

I Each 

Meters 

Each 

Lambda 

Lambda 

Eacb 

Metric Tons 

Metric Tons 

mm 

mm 
mm 



3450mm 

Tracker 

~ isoomm •I 

Structural Rib 
Filled with Cu Shot 

PMT Readout 

Feedthrus (TDD) 

Eta=3.0 

i.----------------- 5300 mm .i 

Spaghetti Hadron Calorimeter 
G.03.SC.00080 Copper Fill/0.12 Segmentation 

Liquid Krypton EM Calorimeter 

( . • • t • •. • • 
ltennich 

• ' 



I ) ) ) ) ) l I 

Slruclural Framing 

Joinl I Cableway 

Feedlhru Difficullies Need lo be Studied 

3300 

f4--------;;>.L------- 3000 I IF .., I 

14-~~~~~2300 ...i 
~~~~~~~~~~~~~_:_-5300~~~~~~~~~~~~~~~..I 

G.03.CU.017 

GEM Deleclor 
HaFFiLAr Calorimeter 

Rennich 

l 
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How will reedthur lit with readouts? 
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How lo gel barrel 
reedthrus to end? 

I: 2780 5359 -----
GEM Detector 

Fiber Hadron Calorimeter 
Fiber with Current LAr Design 

G.03.CU.023 
Rennich 
May 21, 1992 
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Tower Descriptions for Fiber Cal. WILKr EM 
Cii!IQ[i!!ltter 

A M nly 
nput Parameters 

Inside Radius-Ona 1580 mm - Inside Radius-Two 1950 mm 
Distance to IP 2830 mm 
Unit Thickness , 60.6 mm/Lambd 

Material Density 
Copper Density 8.98 glee 
Tube Density 8.98 glee 
Fiber Density , .03 glee 

Fiber Diameter 1.5 mm 
Tube ID 1.6 mm 

- Tube OD 3.00 mm 

Tube Area 0.05 cmA2 

Layer Thickness 8.00 mm 
Fiber Spacing 8.00 mm 
Fiber Vol Fract. 3.00% 
Cu Tuba Fract. 9.71% 
Cu Sheet Fract. 83.30% 

Gap betwn Towers 3.00 mm 

Absorption Lengths - .3aF2 , .70 Lambda 
Inner Ribs o., 0 Lambda 

-

-
ORNL 5·25-92 



.,._···-· "'---.. ;-·---- f ~=·- A I. W/LKr EM -
Computed Parameters for Complete Fiber Calorimeter 

Total 
Number of Mech.Theta Rows 28 Each 

Number of Mech. Tower 1 944 Each -
Absorber Volum • 226. 78 MA3 

I Fiber Lengh 5,004,958 M 

Cu Tube Lenat 3,849,968 M 
Cu Tube Volum1 174.87 MA3 

Number of Cu Plate 55.206 each ... 
Cor>ner Plate Wei a I 1725.35 Mt 

Number of Fiber 3.176.292 each 
I Total Weich 1914.04 MT 

... 

... 

-

-
.. 

ORNL 5-25·92 
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- Tower Descriptions for Fiber Cal. W/LKr EM 

. fn• l:nA t"an 

One Side 
Total Tower 

Number of Mech. Row 6 Each Avera"• 
Number of Mech. To- " 152 Each 1 

Absorber Volum 30.14 MA3 198-293 cc 
Fiber Lenoh 665.187 M 4-376 M 

Cu Tube Lenot 511,682 M 3-366 M 
Cu Tube Weiah 23.24 Mt 152.90 Ko 

Number of Cu Plate 7.677 each 51 each 
Conner Plate Welnt 229 Mt 1508.61 Ka 

Number of Fiber 384,477 each 2,529 each 
Total Weigh 254.52 MT 1674.47 Kg 

-

-

-

ORNL 5-25-92 



~- ·- ... - .. -._,.. '· ~:L -- .... ,,. "'" -··· -
~gmg1.11~ P11C11m!!l!!r!I IQ[ aarrel 

COMPLETE BARREL 
Total Tower 

Number of Mech. Theta Ro" 1 6 Each Averaae 
Number of Mech. Towe1 640 Each 1 -

Absorber Velum 166.50 MA3 260, 157 cc 
Fiber Lengh 3,674,584 M 5,742 M 

Cu Tube Lenat 2,826,603 M 4.417 M 
Cu Tube Weiah 128 Mt 201 Ka 

Number of Cu Plate 39.851 each 62 each -Conner Plate Wein! 1 .267 Mt 1 .979 Ka 
Number of Fiber 2,407.338 each 3.761 each 
Absorber Weiat 1405.00 MT 2 195 Ka 

-
-

-

-
... 

.... 

ORNL 5·25·92 



End Cac Row Number I • .-,.9'nn ........ ..... ilDt'!"il.ll,.,.. I ,~ i,1. .. QQ •. 12.00 13.00 

Total Thick (W/BaF2) Lambda 13.01 13.13 13.26 13.32 13.51 

Eta Coverage 0.150 0.180 0.220 0.280 0.390 

A Eta 1.28 1.43 1.61 1.83 2.11 
B Eta 1.430 1.610 1.830 2.110 2.500 

Phi Coveraae 0.150 0.180 0.220 0.280 0.390 
Theoretical Seaments Each 41.89 34.91 28.56 22.44 16.11 

Actual Seamenta Each 40 34 28 22 16 
Anaular Coveraae 

Face ""A" Decrees 31.08 26.92 22.61 18.23 13.83 - Face .. B .. Decrees 26.92 22.61 18.23 13.83 9.39 
Centerline Decrees 29.00 24. 76 20.42 16.03 11 .61 
Face "'A .. Radians 0.542 0.470 0.395 0.318 0.241 
Face .. B .. Radians 0.470 0.395 0.318 0.241 0.164 

Centerline Radians 0.506 0.432 0.356 0.280 0.203 
Absorber Lenath mm 1800 1820 1840 1850 1880 - Front Face Dimensions 
.. A .. Face Width mm 267.91 265.51 264.44 266 .16 273.49 
.. B .. Face Width mm 246.15 237.77 228.42 217.47 201.75 

Face Height mm 235.08 234.57 231.04 226.33 224.02 
GaD Area mmA2 1476.32 1458.64 1432.42 1404.42 1384.91 
Face Area mmA2 58945 57569 55503 .. 53324 >51846.• 

Gae Fraction 2.44% 2.47% 2.52% 2.57% 2.60% 
Back Face Dimensions 

.. A .. Face Width mm 413.85 417 .77 423.17 431.42 449.91 

.. B .. Face Width mm 395.90 394.81 393.59 392.41 393.88 
. Face Heiaht mm 437.90 421.31 403.69 387 .07 379.12 

Gae Area mmA2 2528 2483 2436 2397 2403 
Face Area mmA2 174,766 168,690 162,422 157 ,044 157,546 

Gae Fraction 1.43% 1.45% 1.48% 1.50% 1.50% 

Tower Parameters 
Active Absorber Volum1 cc 210340 205896 200491 194591 196828 

Fiber Length M 4642 4544 4425 4295 4344 
Fiber Weiciht Ka 8 8 8 8 8 
Tube Lencith M 3571 3495 3404 3303 3341 
Tube Volume cc 18061 17680 17216 16709 16901 
Tube Weicht Ka 162 159 155 150 152 

Number of Cu Lavers each 55 53 50 48 47 
Conner Plate Weicht Ka 1600 1566 1525 1480 1497 

Number of Fibers each 2731 2636 2538 2454 2462 
Added Weicht Ka 5 5 5 5 5 
Tower Weiaht Ka 1775.90 1738.48 1692.98 1643.30 1662.14 

Row Parameters 
Absorber Volume cc 8,413,603 7,000,466 5,613,762 4,281 ,002 3, 149,253 

Fiber Lenaht M 185,684 154,497 123,893 94,480 69,502 
Cu Tube Lencith M 142,834 118.844 95.302 72.677 53,463 

Tube Weicht Ka 6,488 5.398 4.329 3,301 2.428 
Number of Cu Lavera each 2, 189 1, 791 1.413 1,064 758 
Coccer Plate Weiaht Mt 64.01 53.26 42.71 32.57 23.96 

Number of Fibers each 109 229 89,617 71,060 53 984 39 386 
I Row Weiaht Mt 71.04 59. 11 47.40 36.15 26.59 

~ ~"'- :>·2:>-92 



T~_. .... ,. n ... -,..,.,,...,.~,..c: '""" i:,:;i.,.,..,. ,... ' ... t" L( .. i::l .. 

Barrel Row Number 1 2 3 4 5 -
Total Thick CW/BaF2l Lambda 12.00 12.00 12.00 12.00 12.00 

Eta Coverage o. 160 0. 160 0.160 0.160 o. 160 
.. AH Eta o.oo 0.16 0.32 0.48 0.64 
'"B" Eta 0.160 0.320 0.480 0.640 0.800 

Phi Coverage 0.160 0.160 0.160 0.160 0.160 -
Theoretical Segments Each 39.27 39.27 39.27 39.27 39.27 

Actual SeQments Each 40 40 40 40 40 

Ancular Coverace 
"A" Decrees 90.00 80.87 71.97 63.50 55.60 
··e·· Decrees 80.87 71.97 63.50 55.60 48.39 ... 

Centerline Decrees 85.44 76.42 67.73 59.55 52.00 
.. A" Radians 1.571 1.411 1.256 1.108 0.970 
''B" Radians 1 .411 1 .256 1.108 0.970 0.845 

Centerline Radians 1.491 1.334 1.182 1.039 0.908 

Absorber Length mm 1638 1638 1638 1638 1638 -Front Face Dimensions 
"A" Theta Face Width mm 251.35 257 .52 263.26 268.35 272.69 
"B" Theta Face Width mm 248. 19 248.19 248.19 248.19 248.19 

Phi Width mm 253.07 253.11 253.19 253.28 253.38 
Gap Area mmA2 1508.53 1517.90 1526. 72 1534.63 1541.45 

Projected Area mmA2 61701 62483 . 63218 63879 · .. 64448 -
Gap Fraction 2.39% 2.37% 2.36% 2.35°k 2.34% 

Back Face Dimensions 
"A" Theta Face Width mm 508.66 511.71 508.33 499.37 486 .16 
"B'" Theta Face Width mm 502.22 492.85 478.44 460.50 440.57 

Phi Width mm 515.38 512.12 502.98 489.19 472.21 -Gap Area mmA2 3062 3043 2989 2907 2807 
Proiected Area mmA2 257,431 254, 180 245, 176 231,870 215 ,999 
Gap Fraction 1.18% 1. 18% 1.20°k 1.24% 1.28% 

Tower Parameters 
Active Absorber Volum cc 261 ,370 259,347 252,575 242,218 229,686 -Fiber Lenath M 5768 5724 5574 5346 5069 

Fiber Weiaht Ka 1 0 1 0 1 0 10 9 
Tube Lencth M 4437 4403 4288 4112 3899 
Tube Volume cc 22.443 22.269 21.688 20. 798 19.722 
Tube Weiaht Ka 202 200 195 187 177 

Number of Cu Lavers each 64 64 63 61 59 • 
Cor>r>er Plate Weicht Ka 1988 1973 1922 1843 1747 

Number of Fibers each 4022 3972 3831 3623 3375 
Added Weicht Ka 5 5 5 5 5 
Tower Weiaht Ka 2205.53 2188.50 2131.48 2044.28 1938.77 

Row Parameters 
Absorber Volume MA3 10.45 10.37 1o.10 9.69 9.19 

Fiber Lena ht M 230. 732 228,946 222,968 213,825 202, 762 
Cu Tube Lencth M 177,486 176.113 171.514 164 481 155,971 

Tube Weiaht cc 8,062 7.999 7.790 7 471 7.084 
Number of Cu Lavers each 2.577 2.561 2.515 2 446 2.361 -Cor>r>er Plate Weicht Mt 79.54 78.92 76.86 73. 71 69.90 

Number of Fibers each 160.895 158.863 153.235 144.919 135.000 
Row Weicht Mt 88.22 87.54 85.26 81. 77 77.55 
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End Can Row Number I T - -,-,...n.n ... - ,c r Fiber Cat W/LKr EM 
Total Thick {W/BaF2) Lambda 13.51 

Eta Coverage 0.500 

A Eta 2.50 
B Eta 3.000 

Phi Cevera"• 0.500 
Theoretical Senments Each 12.57 

Actual Se"ments Each 12 

An.,ular Covera"e 
Face "A" De"rees 9.39 
Face "e•• oe .. rees 5.70 

Centerline Oel!rees 7.54 
Face "A .. Radians 0.164 
Face ''B .. Radians 0.099 

Centerline Radians o. 132 

Absorber Lennth mm 1880 
Front Face Dimensions 

"A" Face Width mm 244.91 
"B" Face Width mm 160.65 

Face Hei.,ht mm 183.65 
Gan Area mm"2 1159.31 - Face Area mm"2 36082 

Gan Fraction 3.11% 
Back Face Dimensions 

"A" Face Width mm 405.44 
"B" Face Width mm 342.69 

Face Heit!ht mm 307.76 
Gan Area mm"2 2045 
Face Area mm "2 113,075 

Gan Fraction 1.78% 
Tower Parameters - Active Absorber Velum, cc 140208 

Fiber Lennth M 3094 
Fiber Weinht Ko 6 
Tube Lenoth M 2380 
Tube Volume cc 12039 
Tube Weicht K" 108 - Number of Cu Lavers each 38 

Con"er Plate Wei.,ht K" 1067 
Number of Fibers each 1767 

Added Wei .. ht Kn 5 
Tower Weiaht Ka 1185.44 - Row Parameters 

Absorber Volume cc 1.682.498 
Fiber Lennht M 37 .132 

Cu Tube Lennth M 28 563 
Tube Weicht Ko 1-297 

- Number of Cu Lavers each 462 
Co~~er Plate Weicht Mt 12.80 

Number of Fibers each 21.202 
Row Weiaht Mt 14.23 
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Barrel Row Number I 6 7 8 -
Total Thickness Lambda 12.00 12.00 12.00 

Eta Coverage 0.160 0.160 0.160 
.. A .. Eta 0.80 0.96 1.12 

"B" Eta 0.960 1.120 1.280 -Phi Coveraoe 0.160 0.160 0.160 

Theoretical Seaments Each 39.27 39.27 39.27 
Actual Seaments Each 40 40 40 

Anaular Coveraae 
.. A" Decrees 48.39 41.90 36.14 
"B .. Decrees 41.90 36.14 31.08 -

Centerline Decrees 45.15 39.02 33.61 
"A .. Radians 0.845 0.731 0.631 
"B'" Radians 0.731 0.631 0.542 

Centerline Radians 0.788 0.681 0.587 

Absorber Lenath mm 1638 1638 1638 

Front Face Dimensions 
"'A" Theta Face Width mm 340.96 344.49 347.26 
"B" Theta Face Width mm 306.31 306.31 306.31 

Phi Width mm 312.83 312.94 313.03 
Gao Area mmA2 1909.39 1915.01 1919.42 -Proiected Area mmA2 99333 99915 100372 

Gao Fraction 1.89% 1.88% 1.88% 
Back Face Dimensions 
"A" Theta Face Width mm 535.24 518.66 501.69 
"B" Theta Face Width mm 478.15 458.05 439 .11 

Phi Width mm 516.34 497 .61 479.29 
Gao Area mmA2 3069 2958 2849 

Proiected Area mmA2 258.556 240.050 222.607 
Gap Fraction 1.17% 1.22% 1.26% 

Tower Parameters 
Active Absorber Volume cc 293,111 278,431 264,520 -Fiber Lenath M 6469 6145 5838 

Fiber Weicht Ka 1 2 1 1 11 
Tube Lenath M 4976 4727 4491 
Tube Volume cc 25.168 23.908 22. 713 
Tube Weicht Ka 226 215 204 

Number of Cu Lavera each 65 62 60 -
Conner Plate Weicht Ko 2230 2118 2012 

Number of Fibers each 4040 3751 3478 
Added Weicht Ka 5 5 5 
Tower Weicht Ko 2472.77 2349.17 2232.05 

Row Parameters -
Absorber Volume MA3 11. 72 11 .14 10.58 

Fiber Lena ht M 258. 753 245,793 233-513 
Cu Tube Lenath M 199.041 189.072 179.625 

Tube Weicht cc 9 041 8.588 8.159 
Number of Cu Lavers each 2 582 2.488 2.396 
Conner Plate Wei a ht Mt 89.20 84.73 80.50 

Number of Fibers each 161,598 150 031 139.130 
Row Weicht Mt 98.91 93.97 89.28 
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Potential Cost Sharing 
By 

GEM International Collaborators 
Fiber Calorimeter illustration 

Component Source 

Fiber f/~ Russia. 

a.~ Belarus 

Copper Alba.Dia 
(Feraald ?)t 

Copper Assembly Albania. 
China. 

Optical p a.eka.ge Ecua.dor 
China 

Electronics Bela.rus 

ln.s;talla.tiot1 In; 'I Tr&inees 

T~ ~?!~ 
Snpport S~rueture {Korea?r (Novosibink?)1 India.?) 
Beam Calibration ndia 

TOTAL CONCEIVABLE FROM OFFSHORE 

60% P artnets' Contributions = 

• No ED.IA; Contingency, R&D 
t Not Negotiated 

GEM US 
t Budget· 

S2.4m 

!12.Sm 

$2.4m 

S3.5rn 

$4.Zm 

SO.Sm 
? 

S1.6m 
S2.5m 

$29.6m• 
-6.lm 

$23.5m• vs. 

. --- . ------

Required 
Foreign Exchange 

S0.3m ft 98/m 
quote 

$1.9m 0 15% 
agreernen~ 

-Sl.2m 

-so.9rn 

-$1.0m 

-so.2m cs10/da.y 
eat1ma.te 

-$0.2m 
-S0.4m 

S6.lm 

$39.Sm• Tbtal US Cost 
(Remiiclc'a est~) 

T:J7'PL .0,.:. 7 
"'i·JT~L P.G2 

-

.. 

.. 

-

.. 

-
.. 

• 

-
-


