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Abstract:

Preliminary cost estimates for the GEM Scintillating Hadron
Calorimeter Option are given. The overall goal of these estimates is
to meet the standards established by the Theriot panel in earlier
reviews. This 1S in order to enable the calorimeter subsystem group
to make decisions as the basis of costs which will be used in the PAC
review process after the submission of the GEM LOI.
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Summary

The current, preliminary estimates for the GEM scintillating hadron calorimeter options as described in
this document are given below. These numbers are for use in the trade-off studies underway in the
calorimeter subgroup. Complete conceptual design cost estimates will prepared for the technologies
selected for the Lol

Scintillating Fiber:
0.08 Segmentation: $ 99,919 K
0.10 Segmentation: $ 97,786 K
0.08 Seg W/Pb Shot: $ 90,146 K

Scintillating Liquid:
0.08 Segmentation: $70,432 K
NOTES:

The estimates for the above systems have varied over approximately a 7% range as the concept
for each system has evolved. This cannot be avoided given the short period of time between updates,
the rapid improvement in the spaghetti design concept and the resegmenting of the liquid scintillator
towers.

Unless the current designs are altered significantly (eg shorter absorbtion lengths) the above
costs are expected to remain within a 4% range as reviews and details are completed.

The approximate diameters of the two proposed systems are:

Scintillating Fiber: 8000 mm (7780 mm if Pb shot filled)

Scintillating Liquid: 7200 mm

Comments:

1. The above numbers continue to be "preliminary”. The current goal is to have a complete

conceptual design estimate by Oct. 1 at which time the estimate will have been reviewed and checked
by both ORNL and CS Draper.

2. The only remaining costing areas which has not been evaluated are production and installation
equipment.
3. The information concerning the scintillating fiber option contained in this document has not

been approved or reviewed by the physics team working on this option.

4. The estimating philosophy and basis has been reviewed by the SSCL laboratory to insure that
the costing is performed within accepted guidelines.
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COMMENTS ON THE PRELIMINARY CALORIMETER ESTIMATES

The overall goal of the preliminary estimates is to meet the standards established by the Theriot
Panel in earlier reviews. This will enable the calorimeter subsystem group to make decisons on the
basis of costs which will be used in the PAC review process after the submission of the GEM Lol.

Considerable effort has gone into preparing these estimates considering the thousands of hours
of engineering time expended in the preparation of the SDC, L* and E/T Lol estimates which serve as
the basis of the line itemns. In addition, each of the subsystem proponents has been contacted and been
allowed to modify the numbers as required to account for changes in design since the Lol's were
submitted. Dispite this the estimates should be considered preliminary and will have to be adjusted
after the September calorimeter meeting. However, without significant design or configuration
alternations the costs should not be expected to change substantially.

Definiti [T ,

Direct Cost: The cost of purchased services without any adders except overhead charged by
vendors. This is also referred to as Material & Services.

EDJA: Overhead and expenses charged to the detector by organizations working on the project. This
includes all engineers, administrators, purchasing agents, inspectors.... etc. Theriot fixed this number
at 25% for L*,

Base Cost: Direct + EDIA

Contingency: Applied to the Base Cost is proportion to the Mechanical design confidence.
The contingency does not reflect physics or electronics unknowns. Contingency is applied to EDIA
since it is assumed that overhead is applied to good and bad work alike. The lowest possible system
contingency at this stage is 25%, the highest possible is 40%.

Subtotal: The estimated cost of the calorimeter. The total budget alotted by the GEM
management on this line is $150M for Hadron, EM and forward.

R&D: An 11% factor specified by the Theriot panel. The total R&D budget for GEM is currently set
at $40M with $16.5M for calorimetry.

Labor Rate: $45/hour is used universally for all labor. This is approximately an average for the
rates that have been quoted by the SSCL for various crafts and locations.



COMPARISON OF ELECTRONICS COSTS: L*/SDC/E-T

TRACKING
L* SITRACK FIBER STRAW-TUBE
SIGNALS 3,200,000 36,000 §2,000 \ 7
CHANNELS 5,065 10,000 _$2.000 \ /
MULTIPLEX RATIO 632 3.60 1 \ /
3 L
FRONT END ELECT. 16,440 1,39 11,683 N/
CABLE - - - \ /
INSTALLATION - - - \/
_DAQ - . - A\
COMPUTING 237 467 2,430 [\
TOTAL 16,677 1,857 14,113 /
COST/CHANNEL $3,293 $186 $271 / \
THERIOT CONT. 100.00% 30.00% 30.00% Vi N\
LOI EDIA 17.48% 17.88% 17.88% / \
THERIOT EDIA/R&D 36.00% 36.00% 36.00% / \
TOTAL C/C 3,799 214 3
EMT TRD LAr SIPADS | SPA.SIPADS | PRESHOWER
SIGNALS 290,000 62,000 30,000 467,000
CHANNELS 290,000 62,000 30,000 519
MULTIPLEX RATIO I 1 1 0
ELECTRONICS 19,424 4,618 2,25 260
CABLE . - . -
INSTALLATION - - - -
TRIGGER 5,177 1,107 $36 9
DAQ 1,120 239 116 2
COMPUTING 838 190 92 2
TOTAL 26,610 6,154 _ 2978 273
COST/CHANNEL $92 $99 §99 $526
sSDC SILICON |STRAW-TUBE WIRES
SIGNALS 188,000 50,000 3\ /
CHANNELS 188,000 50,000 \ /
MULTIPLEX RATIO 1 1 \ /
FRONT END ELECT. 20,860 8,510 \ /
CABLE R \_/
INSTALLATION . W
TRIGGER 2779 6,951 1,849 X
DAQ 4288 10,644 2801 JAN
COMPUTING 2113 5,286 1,406 [\
TOTAL 17,593 43,741 14,595 / \
COST/CHANNEL $234 $233 $292 / \
THERIOT CONT, 100.00% 30.00% 100.00% / \
LOI EDIA 34.00% 34.00% 34.00% / \
THERIOT EDIA/R&D 43.00% 43.00% 0.00% / \
TOTAL C/C 250 248 312
E/T Estlmates have not received an SSC review
Therlot Contingency Included

Readout Devices (PMT's) not included

Total C/C cost not exact since DAQ and Computing did not have same contingency as local electronlcs

Shaded numbers are assumed

MARK RENNICH/QAK RIDGE NATIONAL LABORATORY/8/7/91




EM CALORIMETER HADRON CALORIMETER
L* BaF2 EM CAL | LX EM CAL || LIQUID SCINT
SIGNALS 18,044 42,78 50,000 \ /
CHANNELS 18,044 42,786 50,000 \ /
MULTIPLEX RATIO 1 1 1 \‘ ,/
FRONT END ELECT. 6,748 10,840 15,625 N\ /
CABLE - - - N/
INSTALLATION . - - \Vi
DAQ - . . /A
COMPUTING 843 2336 J o\
TOTAL 7,591 17,961 [\
COST/CHANNEL $421 $359 / \
THERIOT CONT. 25.00% 25.00% / \
LOI EDIA 10.70% ‘ 14.64% / \
THERIOT EDIA/R&D 36.00% 36.00% 36.00% / \
TOTAL C/IC §17 479 426
E/T /|l SPAGHETTI | LIQ ARGON
SIGNALS A\ L1 / 26,464 120320
CHANNELS A\ / A\ / 26,464 120320
MULTIPLEX RATIO \ / \‘ ]/ I 1
ELECTRONICS N\ / \Wi 5,009 14,569
CABLE X X - -
INSTALLATION 7\ VA . .
TRIGGER JARRN /N 1,574 3,250
DAQ / \ / \ 102 465
COMPUTING / N/ \ 81 369
TOTAL / NI V4 A\ 6767 18,652
COST/CHANNEL $256 $155
sSDC PLASTIC TILE | LIQ ARGON
SIGNALS / 1\ / 66,000 87,400
CHANNELS \ \ / 66,000 87,400
MULTIPLEX RATIO \\ ,[ \‘ / 1 1
FRONT END ELECT. \ N/ 6,308 3,900
CABLE \_/ \/ . .
INSTALLATION \/ \/ . -
TRIGGER X X 13,839
DAQ /\ JA 3,737
COMPUTING [\ [\ 1,856
TOTAL JAEAN [\ 25,739
COST/CHANNEL / \ / \ $390
THERIOT CONT. / \ / \ 100.00%
LOI EDIA \l/ \ 17.00%
THERIOT EDIA/R&D / \ 43.00%
TOTAL C/C 477

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/8/7/91



| MUON  FOR.CAL |l SYSTEM
Le* WIRE TMS
SIGNQI_,S 398,000 33,124
CHANNELS 110,000 33124 278,233
MULTIPLEX RATIO 3.60 1.00
FRONT END ELECT. 22,669 14,005
CABLE - -
INSTALLATION . -
DAQ - -
COMPUTING 5,140 1,548 13,000
TOTAL 27,809 15,553 101,560
COST/CHANNEL $253 $470 $365
THERIOT CONT. 20.00% 50.00%
LOI EDIA 10.46% 19.80% 1L.00%
THI'_IB_IOT EDIA/R&D 36.00% 36.00% 36.00%
TOTAL C/C 311 53 447
E/T WIRE ?
SIGNALS 410,000
CHANNELS 410,000 756,983
MULTIPLEX RATIO 1
ELECTRONICS 26,456
CABLE -
INSTALLATION -
TRIGGER 13,620 13,514
DAQ léﬁ 2,924
COMPUTING 1,256 2319
TOTAL 42,915 79,543
COSTICHANNEI_, $105 $105
SDC WIRE/SC ?
SIGNALS 108,400 7,000
CHANNELS 108,400 7,000 494,558
MULTIPLEX RATIO 1.00 1L.00
FRONT END ELECT. 15,678 765
CABLE -
INSTALLATION -
TRIGGER 30,001 259 18,286
DAQ 6,137 396 28,000
COMPUTING 3,048 197 13,906
TOTAL 54,861 1,617 143,341
COST/CHANNEL $506 $231 $290
THERIOT CONT. 40.00% 50.00%
LO1 EDIA 3.00% 17.00% 29.00%
THERIOT EDIA/R&D 43.00% 43.00% 41.00%
TOTAL C/C 670 282 321

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/8/7/91
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DRAFT

2. Description of Engineering, Design, Inspection & Quality Assurance (EDI/QA)

EDI/QA is defined at the SSC Laboratory as the activities which organizations
undertake to transition from conceptual or "point” design to completion of system
production, assembly, or construction. Included in EDI/QA under this definition are the
following actvites:

1.) Preliminary Design
a) Drawing Preparation
b) Specification Writing
c) Cost Trade-off Studies
d) Functional Analysis
) Preliminary Design Review

2) Final Design of System(s)
a) Correlate Analysis
b) Make Reliability Assessment
c) Complete Drawings and Specifications
d) Conduct Final Design Review -

3) Procurement of Components
a) Technical Specification Preparation
b) Review and Mailing of Bid Package
c) Pre-Bid Conferences
d) Bid and Proposal Review
¢) Bid Evaluation
f) Order Placement and Negotiation

4) Manufacture of Components
a) Manufacturing Planning
b) Quality Assurance Planning
c) Technical Oversight and Quality Assurance
d) Fabrication Supervision and QA
e) Assembly Supervision and QA
f) Change Orders
g Acceptance Testing of Components
h) Component Delivery

5.) Installation
a) Installation Planning
b) Instailation Supervision
c) Subsystem Check-out and Test

The above list is in the relative time-phasing of the activities. Though this list may
not include all "traditional” EDI concerns, it is the list that was presented to and accepted by
the DOE during the June Project Review. It is important to note that prototype
development and assembly, conceptual design, point design estimates, and contractor
development are not included. These acmni s ~hould be addressed in the research and
development phase. Management of the detector project is also not included in this
description of EDI/QA.
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The attached list of parameters was originally prepared by Ren-yuan Zhu and

has been reviewed by many of you. He has revised the list to accomodate
some of the comments, but as can be seen from the following he has not
resolved all disagreements. I propose we pass this list now on to the
=imulators so they can get on with their work, and we note that there

nains some optimism for improving these parameters. I plan to 'officially"

Press RETURN for more...
MAIL>

#3 17~SEP-1991 21:31:25.10
give this to Frank Paige tomorrow morning, at 10 am Pacific Time.

Jim

NEWMATIL

Received: from Cithex.Bitnet by SLACVM.SLAC.STANFORD.EDU {Mailer RZ2.08 R208004)

with BSMTP id 8183; Tue, 17 Sep 91 13:28:40 PST

Date: Tue, 17 Sep 91 13:30:09 PDT

From: zhu@Cithex.Bitnet

Message-Id: <910917133009.2020106bRCithel.CitHep.Caltech.Edu>
Subject: Simulation parameters —--- Second version with my comments.
To: jimbrau@slacvm.bitnet

X-ST-Vmsmail-To: ST%"jimbrau@slacvm.bitnet®

AT A A A AR A AR LA AT AR A AL A AL LA AL A A AL AL A A AR A A AR AT RA A AT A kA koA ARk

Press RETURN for more...

IL>
#3 17-SEP-1991 21:31:25.10
Parameters of the Proposed Calorimeter Systems

for Simulation Study

kkkhkkhkhkhkhkkhkhkhkthkhkdkdkhkhkhkikkdhkdkhhhkhkdhhbhkhhhhhhkhhhhkhkihhkhkiikddhkiiiiiihiiik

Jim asked me to summarize the parameters of the proposed calorimeter
systems for GEM simulation study. According to consensus of the
calorimeter group meeting on September 4th and 6th at the SSCL, only
parameters of two options are presented:

1} BaF_2 combined with a scintillation hadron calorimeter
(L.S. or Spaghetti); and

2) Liquid Argon with Xe/Kr option.

The configuration in the table represents what was costed.
The geometrical coverage is assumed as |eta]| < 1.45 (26 degree)
for the barrel calorimeter, and 1.45 < |etal < 2.5 or 3 for the endcaps.

Press RETURN for more...

MAIL>
#3 17-SEP-1991 21:31:25.10
The forward calorimeter is assumed to cover 3 < |eta| < 3. Since there
i~ no detailed design of forward calorimeter available, one may assume
;imilar performance as the Liquid Argon hadron calorimeter.

The position resolution (delta X) of EMCs is defined for a 20 GeV
electron/gamma.

NEWMAIL

NEWMAIL



The energy resclution is defined as

(a/\sqrt{E} \oplus b)%

here \oplus

represents add in quaduture.

The resolution of hadron calorimeter is defined for jet energy.
Thermal noise/cell (sigma T/cell) is estimated according to proposed
readout schemes. For BaF_2, for example, the triode with gain of 4 was
assumed. If a multistage mesh structure PMT is used, the thermal noise
of BaF_2 may be futher reduced. The thermal nocise in r=0.6 cone,
sima T (r=0.6), is the sum of all channels in r=0.6 cone, assuming no

Press RETURN for more...
MAIL>
#3 17-8SEpP-1991 21:31:25.10 NEWMAIL
correlation. The pile-up noise (sigma_P) is estimated for
10~{33})/sec/cm”2 luminosity, assuming the readout schemes proposed.
1. Electromagnetic Calorimeter Parameters:
Option BaF 2 L. Ar Kr Barrel/Xe Endcap
eta_max 2.5 3.0 1.45 / 3.0
segmentation _ 0.04 x 0.04 0.04 x 0.04 0.04 x 0.04
Longitudinal Sample 1 3 2 /3
peaking time (ns) < 16 40 40 / < 16
ita X (mm) 1 1 1 /1
a 2 7.5 {*xnk) 7.5 / 2
Press RETURN for more...
MAIL>
#3 17-SEP-199] 21:31:25.10 NEWMAIL
b 0.5 0.5 0.5 / 0.5(*
sigma T/cell (MeV) 10 15 15 / 10
sigma T (r=0.6, GeV) 0.3 0.5 0.5 /0.3
sigma P (r=0.6, GeV) 0.85 1.2 1.2 / 0.85
pi_0O/gamma rejection No No Yes (**)
2. Hadron Calorimeter Parameters:
Option L. Ar L.S Spaghetti
eta_max 3 3 3
segmentation 0.08 x 0.08 0.08 x 0.08 0.08 x 0.08
Longitudinal Sample 4 6 1
2ss RETURN for more...
MAIL>
#3 17-SEP-1991 21:31:25.10 NEWMAIL

- —— Y ———— i ki

———




peaking time (ns} 100Q < 16 < 16

———— -— . —— —— iy o —— e e e - -

a 63 S0 50
b 1.6 2 2
gma_T (r=0.6, GeV) 3.0 (%%} <1 < 1
sigma P {(r=0.6, GeV) 3.0 1 1
Note:

(*): Min Chen claimed 0.25% constant term for L.Xenon endcaps. I can
not accept his explanation:

a. 0% intercalibration error for photons with energy between
20 to 300 GeV by using only alpha source of 5 MeV;

Press RETURN for more...

MAIL>
#3 17-SEP~1991 21:31:25.10 NEWMAIL
L., 0.25% GEANT resolution by using longitudinal information to
correct event by event the rear shower leakage.

My study shows that the GEANT resolution is casued by lateral
leakage, i.e. summing limited cell numbers, and dead materials
at the front and between cells. With a total of 25 r.l., the
rear leakage 1s negligible. This is aslc evident that the GEANT
resolution of a 10 GeV electron/photon, 0.63%(59) and 0.43(525),
is worse than that of the 100 GeV electron/photon: 0.36%(59)

and 0.31%(S25).

How much the longitudinal information can be used to reduce
the fluctuation on the total energy measurement is not clear,
given that the dead materials are introduced to implement
the longitudinal sampling. Preliminary study done by the
crystal-clear collaboration at CERN is not coclusive.

{**) Min Chen said that silicon strips or draft diodes are costed in
addition to the longitudinal sampling, and said that two photons

Press RETURN for more...
MAIL>

#3 17-8SEP-1991 21:31:25.10 NEWMAIL
separated by more than 1 mm in z can be identified and vetoed.

{***) Paul Mackett's comment: one may use only 6 i.l. to obtain
veto energy measurement.

(****} For the accordion resolution, I used the number given by Howard,
which is better than what measured at CERN.



Section 11

Scintillating Fiber Calorimetry

A. General Arrangeme;tt Drawing
B. Mechanical Parameters

C. Costing Summary

D. Costing Details

E. Design Description
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GEM Parameters

S hetti Had Calorimeter: 0.08 S cati
Absorber Volume 274.72 M3
Channels 5168 Each
Total We_ight 2364.03 Metric Tons
Eutectic Lead 2000.4 Metric Tons
Structural Components 86.7 Metric Tons
Sheaths 244.96 Metric Tons
Fiber 31.97 Metric Tons
Percent Struct and Gaps in Absorber 6.50%

Total Absorption Lenght 10.00 Lambda
Active Absorption Lenght 8.53 Lambda
Passive Absorption Lenght 1.47 Lambda
Mechanical Towers 5168 Each
Ring Assemblies 58 Each
Lenght of WLS Fiber 6,477,000 Meters
Number of WLS Fibers (3 mm) 3,700,000 Each
Number of Transm. Fibers (1 mm) 3,700,000 Each
Heat Generated by Electronics <5000 Watts
Inner Radius 1400 mm
Quter Radius 4000 mm
Length 11100 mm

MARK RENNICH/ 9/19/91 : OAK RIDGE NATIONAL LABORATORY




GEM Parameters

H im
Absorber Volume 274.72 MA3
Channels 3304 Each
Total Weight 2364.03 Metric Tons
Eutectic Lead 2000.4 Metric Tons
Structural Components 86.7 Metric Tons
Sheaths 244.96 Metric Tons
Fiber 31.97 Metric Tons
Percent Struct and Gaps in Absorber 6.50%
Total Absorption Lenght 10.00 Lambda
Active Absorption Lenght 8.53 Lambda
Passive Absorption Lenght 1.47 Lambda
Mechanical Towers 3304 Each
Ring Assemblies 46 Each
Lenght of WLS Fiber 6,477,000 Meters
Number of WLS Fibers (3 mm) 3,700,000 Each
Number of Transm. Fibers (1 mm) 3,700,000 Each
Heat Generated by Electronics <5000 Watts
Iinner Radius 1400 mm
Quter Radius 4000 mm
Length 11100 mm

MARK RENNICH/ 6/19/91 : OAK RIDGE NATIONAL LABORATORY




GEM Parameters

S hetti Had Calori ter: 0,10 S Lati
With h
Absorber Volume 244.26 M3
Channels 3304 Each
Total Weight 2398.43 Metric Tons
Eutectic Lead 727.12 Metric Tons
Lead Shot 1373.22 Metric Tons
Structural Components 83.94 Metric Tons
Sheaths 185.68 Metric Tons
Fiber 28.47 Metric Tons
Percent Struct and Gaps in Absorber 6.50%
Total Absorption Lenght 10.00 Lambda
Active Absorption Lenght 8.84 Lambda
Passive Absorption Lenght 1.16 Lambda
Mechanical Towers 3304 Each
Ring Assemblies 46 Each
Lenght of WLS Fiber 5,759,000 Meters
Number of WLS Fibers (3 mm) 3,300,000 Each
Number of Transm. Fibers (1 mm) 3,300,000 Each
Heat Generated by Electronics <5000 Watts
inner Radius 1400 mm
Outer Radius 3890 mm
|Length 10900 mm

MARK RENNICH/ 9/19/91 : OAK RIDGE NATIONAL LABORATORY




PRELIMINARY
Scintillatine Fiber Hadran Calorimeter 0.08.S a

Catagory Tot Uts $K/UNIT Units Costs
1.00|Material
1.10|Lead 2000.4 $5.576 Mton $11,154
1.20|Sheaths 5168 $0.560 Each $2,894
1.30{Light Guides 5168 $0.353 Each $1,824
1.40|Spacers 5168 $0.084 Each $434
1.50]Top Plate 5168 $0.321 Each $1,659
1.60{Calib. Loops 140 $2.000 Each $280
2.00|Sense Material 6.80E+06 $0.001 Meters $6,801
3.00{Readout
3.10|PMT's 5168 $0.600 Each $3,101
3.20|Electronics 5168 $0.250 Channels $1,292
4.00|Structure
4.10|Inner Rings 14931 $0.008 Lbs $119
4.20{Outer Rings 185000 $0.012 Lbs $2,220
5.00|Fab & Ass.
5.10|Fab,Ass & Test $12,517
5.20|Tooling $4,557
6.00{ Thermal Cont $980
7.00{ Testing $2,500
8.00|Installation
8.10|Install. Labor 18,796 $0.027 Man-Hour $463
8.20|Install, Rails 600000 $0.0015 Lbs $900
8.30{Install. Trucks 100000 $0.006 Lbs $600
8.40|Module Pusher 2 $50.000 Each $100
8.50| Temp Bracing 250000 $0.0020 Lbs $500
9.00{Shipping $500
Direct cost $55,395
EDIA 25% $13,849
Base Cost $69,244
Contingency 30% $20,773
Subtotal $90,017
R&D 11% $9,902
Total $99.919

MARK RENNICH/OAK RIDGE NATIONAL LABORATCRY/ 9-20-91




PRELIMINARY

S - I II] I - EII ll I C l - I n l S I l.
Catagory Tot Uts | $K/UNIT Units Costs
1.00|Material
1.10|Lead 20004 $5.576 Mton $11,154
1.20|Sheaths 3308 $1.859 Each $6,150
1.30|Light Guides 3308 $0.595 Each $1,968
1.40{Spacers 3308 $0.132 Each $437
1.50|Top Plate 3308 $0.641 Each $2,120
1.60[Calib. Loops 120 $2.000 Each $240
2.00|Sense Material 6.80E+06 $0.001 Meters $6,801
3.00|Readout
3.10|PMT's 3308 $0.600 Each $1,985
3.20|Electronics 3308 $0.250 Channels $827
4.00|Structure
4.10{Inner Rings 14931 $0.008 Lbs $119
4.20|Outer Rings 185000 $0.012 Lbs $2,220
5.00{Fab & Ass.
5.10|Fab,Ass & Test $9,092
5.20|Tooling $4,557
6.00| Thermal Cont $980
7.00{Testing $2,500
8.00|Installation B
8.10|Install. Labor 18,796 $0.027 Man-Hour $463
8.20{Install. Rails 600000 0.0015 Lbs $900
8.30|Install. Trucks 100000 $0.006 Lbs $600
8.40{Module Pusher 2 $50.000 Each $100
8.50| Temp Bracing 250000 $0.002 Lbs $500
9.00|Shipping $500
Direct cost $54,213
EDIA 25% $13,553
Base Cost $67,766
Contingency 0% $20,330
Subtotal $88,095
R&D 11% $9,690
Total $97,786

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 9-20-91




PRELIMINARY
Scintillating Fiber Hadron Calorimeter 0.08 Sesmentat

With Lead Shot
Catagory Tot Uts $K/UNIT Units Costs
1.00|Material
1.10|Eutectic 727.12 $5.576 Mton $4,054
1.20|Lead Shot 1373.22 $0.992 Mton $1,362
1.30]Sheaths 5168 $0.548 Each $2,832
1.40{Light Guides 5168 $0.353 Each $1,824
1.50{Spacers 5168 $0.078 Each $403
1.60| Top Plate 5168 $0.310 Each $1,602
1.70[Calib. Loops 140 $2.000 Each $280
2.00|Sense Material 6.05E+06 $0.001 Meters $6,047
3.00|Readout B
3.10|PMT's 5168 $0.600 Each $3,101
3.20| Electronics 5168 $0.250 Channels $l,222
4.00|Structure ]
4.10|Inner Rings 14931 $0.008 Lbs $119
4.20|Outer Rings 185000 $0.012 Lbs $2,220
5.00{Fab & Ass. B
5.10{Fab,Ass & Test $12,613
5.20|Tooling __ $4,557
6.00|Thermal Cont T $980
7.00| Testing $2,500
8.00|Installation
8.10{Install. Labor 18,796 $0.027 Man-Hour $463
8.20|Install. Rails 600000 $0.0015 Lbs $900
8.30|Install. Trucks 100000 $0.006 Lbs $600
8.40|Module Pusher 2 $50.000 Each $100
8.50{Temp Bracin 250000 $0.002 Lbs $500
9.00{Shipping $500 '
Direct cost $48,850
EDIA 25% $12,212
Base Cost $61,062
Contingency 33% $20,151
Subtotal $81,213
R&D 11% $8,933
Total $90,146

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/ 8-20-91




G0991.112
Draft 2
September 20, 1991

GEM Spaghetti Hadron Calorimeter Cost Estimate

The spaghetti hadron calorimeter cost is based on the design shown in the attached figures
G.03.SC.00039 and 00064. Parameters for these designs are given in the attached Parameters lists.
The cost estimates and given in the attached summaries and are reviewed below item by item.

1.00 Modules

The modules include the material to build the mechanical towers. The assembly testing etc. is
costed in Section 5.00. The objective of the spaghetti design is to produce the tower modules in a
simplified casting process with enough automation to minimize the amount of labor required.

1.10 Lead

The cost of eutectic No. 158 lead is quoted at 2.53/Ib. Lead Shot (0.6 mm diameter) is quoted
at $0.45/1b. It is assumed that the lead will not be purchased in a single large order which could effect
the market price.

1.20 Sheaths
Re: Figure No. G.03.SC.00049

The sheaths will be fabricated by a commercial vendor. Material will be 304L stainless steel.
The total weight of each sheath is listed in the attached detail sheet. The assumed fabricated costs are
$5.50/1b. The current design assumes a uniform wall thickness for the tower container. It is possible
to use a thinner wall for the lower half of the tower; however, a joining technique must be
dedeveloped which will not interfere with the overall percision of the assembly which is currently
assumed to be approximately +/-0.02.

Comments on the design and stress analysis of the tower sheaths appear in Section ILE.
Design Description.



1.30 Light Guides
Re: Figure No. G.03.5SC.00052 and .00053

The light guide costing is detailed in the attached detail spread sheets. It is assumed that the
light guide assembly will be mounted on top of a poured tower and then filled with eutectic and lead
shot to half the height of the fiber bundle.

The installation of the readout fibers, lead filling and installation of the light guide assemblies
are costed in Section 5.00 (Assembly and Fabricaiton). The light guide framing will be manufactured
by the commercial vendor.

1.40 Spacers

Re: Figure No. G.03.5C.00065

Spacers are required inside the molds to maintain proper alignment of the fibers. The spacers
will be a series of perforated plates on approximately 10 cm centers. The material of the plates has not
been determined; cast lead, wire mesh of perforated stainless steel have been suggested. The plates
will be positioned and contained in the sheath with rods.

1.50 Top Plate
Re: Figure No. G.03.5C.00048

A structural plate is required at the top of each sheath to contain the eutectic lead. The plate is
perforated with 3.2 mm dia drilled holes to permit fiber passage. An ASME tube sheet analysis was
performed to determine that the plate thicknesses, the attached detail sheet lists plate thicknesses for
different tower sizes. The criteria of the analysis was minimum deflection (0.1 mm) since the plate
must remain flat to limit the gap between the 3 mm tower fibers and the 1 mm readout fibers.

The cost is assumed to be $12/1b.



1.60 Calibration Loops
Re:  Figure No. (to be provided in Draft 2)

Calibration loops will be installed in approximately 4% of the towers towers. The loops will
consist of a 3 mm OD U-tube installed the length of the tower inplace of 2 sense fibers. The tube will
have a surface mounted on a wire loop which can be driven by a remote controlled rotary drive. the
drive will have a position sensor which will feedback the location of the source during the calibration
process. An accurate estimate of this system will have to wait on the final design. A approximation
agreed to by several engineers is $2000 ea.

2.00 Sense Material
The sense material is 3 mm dia wave length shifting fiber. The fiber quantity includes 5%

extra for waste. The cost is set at $1.00/meter based on verbal Bicron cost quote (Chuck Hurlbut) to
Larry Sulak at Boston University.

3.00 Readout
A true cost for the readout will require a design for the total detector readout/trigger scheme.
This will not be ready for at least 6 months. Consequently, the calorimeter subgroup agreed to use a

fixed number for all types of systems based on an analysis of the costs proposed for L* and SDC after
review by the Theriot panel. The analysis is included in Section I General Costing Information.

3.10 Electronics

The cost of electronics is fixed at the standard $250/channel. This includes the cost of all
circuitry, DAQ, computers etc. from the readout PMT to the end of the data collection system.

3.20 Phototmultiplier Tubes

The PMT's are costed based on existing technology Hamamatsu 2490, The cost of $600 ea is
based on a written quote from Hamamatsu (Attached).



4.00 Structure

This item includes all structure not included in the modular towers. The structural
configuration for the Spaghetti system is designed to provide the maximum access to the outside of the
calorimeter while also minimizing the amount of material and cost. The access will provide more
efficient maintenance for a majority of the system; however, major external surfaces will be blocked
by the central muon chambers. Maintenance is discussed in Section IV.

4.10 Inner Rings

RE: Figure No. G.03.5C.00050

Inner rings are required on each conical modules in order to maintain the best possible
tolerances between rings and, thus, limit the amount of gap between sense towers. The current goal is
to maintain a tolerance of 2 mm overall.

The rings will be fabricated at a commercial vendor from 304L stainless steel plate. Finish
machining will be required on all surfaces and will have 248 1/2 in diameter tapped holes. The
assumed cost is $8/1b.

4.20 Outer Rings
Re: Figure No. G.03.SC.00051

The primary structural support for the spaghetti calorimeter will be provided by the outer
support rings. The rings will be nested to form a continuous "barrel" which can be connected to the
GEM central support membrane. A separate support barrel will not be required.

Each ring will require machining on four surfaces with a large diameter turning machining.
124 through holes and 496 tapped holes will be required. Ports will be cut the flange to permit
personnel access to the PMT's and electronics. The rings will be fabricated by a commercial vendor
from 304L stainless steel plate. The assumed cost is $12/Ib.



5.00 Fabrication and Assembly

This category includes all the labor to fabricate and assemble the components costed above into
a towers and ring modules. At the end of the assembly process the calorimeter is ready for beam
testing and final installation in the experimental hall.

The estimate assumes that the Fabrication and assembly is performed by a commercial vendor
with adaquate floor space, lifting capability and manpower.

Bicron Corp. has submitted a written proposal (attached) for perform part of the assembly
work in conjunction with the production of the fiber. They propose to fill the spacer plates with precut
fibers and ship the subassemblies to the final tower construction vendor. This estimate was not
considered in the estimate for several reasons:

1. A general description of the manufacturing process is not included in the proposal.
2. The proposal was made prior to the development of the basic spaghetti system
conceptual design.

5.10 Assemble and Test
Re:  Spaghetti Hadron Calorimeter Manpower Analysis

The estimate for the manpower operations and durations required to complete the assembly of
the calorimeter is attached. The cost of manpower is assumed to be an average of $31/man-hour based
on the Labor Rates for a large commercial vendor. $26/man-hour is used for final assembly
operations in Texas.

The labor efficiency factor of 1.25 assumes that approximately 25% of manpower time will be
consumed in unspecified tasks such as training, correcting problems, tours, breaks, confusion etc,
This is based on the fact that the assembly will be a one-time operation with temporary labor and
limited automation and control.

5.20 Assembly tooling

Re:  Assembly Manufacturing Equipment List

Figures G.03.5C.00034, 00059, and 00060.

The tooling required to assemble the calorimeter will primarily involve heavy lifting fixtures
and stands.



6.00 Thermal Control

A significant amount of electronics will be distributed to the tower readout area of the
calorimeter. The proposed system of forced liquid cooling is similar to that used in the L3 BGO
system. In addition to the cooling system, the calorimeter will require thermal and magnetic
insulation.

A figure of $980K is used based on the L3 BGO system which has similiar operating and
control requirements.

7.00 Testing

The testing category covers operations associated with operational beam testing and system
evaluation, exclusive of normal quality assurance and fabrication inspections.

The figure of $2.5M is based on the E/T estimates of $1,687K for the Spacal option and
$2,602K for the Liquid Argon option. A common testing number was used in the comparison of the
various detector options.

8.00 Installation

Re: Figure G.03.5C.00032

This category includes manpower and equipment required to install the completed calorimeter
in the experimental area. The calorimeter has been designed to be installed in completed ring modules.
The modules will be rolled into the support tube on temporary rails (Drawing to be prepared by Cliff
Eberle). A detailed design will have to be performed, with particular attention to the area inside the
magnetic coil.



8.10 Manpower
RE: Installation Manpower List
The assembly operation is expected to require 9 months and 19 persons to complete the crew is

listed in the attached installation manpower list. The average labor cost is expected to be $27/MH
based on SSCL Davis-Bacon labor rates.

8.20 Installation Rails
Re:  Drawing No. to be prepared by Cliff Eberle

The rail system is calculated to weight approximately 600,000 1bs. It will be fabricated from structural
steel and assembled in place. The assumed cost of the structure including fasteners is $1.50/1b.

8.30 Installation Trucks

RE: Figures G.03.SC.00047

The trucks used to move the modular rings on the installation rails will be sized to match the ¢rane
lifting capacity of 100 tons. A variable counter balance will be incorporated into the structure to enable

the truck to carry any of the ring modules. Two trucks will be required to provide for the movement
of matched rings. on each side of the central membrane.

8.40 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.

8.50 Temporary Bracing
Temporary bracing will be required during the installation operations to maintain a balance of
the assembly. The design of the temporary bracing is currently underway.



G0991.153
DRAFT 1
September 15, 1991

Spaghetti Calori
Unresolved Design Issues
1. Readout Joint

The current design assumes that the 3 mm dia WLS fibers will be readout via 1 mm
transmission fibers. A single transmission fiber is assumed for each WLS fiber. This will permit the
passage of less than 10% of the light, if additional transmission fibers are required the design and cost
will have to be reconsidered.

2. Fiber Potting

The 1 mm diameter transmission fibers will have to be supported prior to eutectic casting since
the buoyancy of the fibers will induce permanent stresses in the fibers. This could be done with lead
shot; however, the lead shot could be used only in the bottom half of the readout array since the 1 mm
fibers would block uniform packing as they are more closely packed.

3. Casting Growth

Eutectic is known to grow for extended periods after casting. The accommodation of the
growth is not well understood. It will require consideration of adequate clearances and tolerances.
Calculations indicate that 1% growth will cause the sides of the towers to grow 0.75 mm. This
growth could effect the tolerancing of the overall system.

4, Structure

The estimated amount of gap and structure in the active region of the spaghetti calorimeter is
6.5%. This estimate is based on a very optimistic 2 mm clearance between towers. While this should
be achieved between towers in a single ring it will be extremely difficult to accomplish this between
rings.



5. Assembly Tooling

Additional engineering will be required to correctly estimate the amount of tooling required to
construct the spaghetti calorimeter. Both ORNL and CS Draper will cooperate in the development of
an accepted production system.

6. Installation Tooling
Additional engineering will be required to correctly estimate the amount and type of tooling

required to install the spaghetti calorimeter. Preliminary design on the installation plan and tooling has
started. A compiete plan will be included in Draft 2.

7. Fiber Shear

The structural design of the spaghetti calorimeter requires further evaluation to determine if
shifts can occur which will induce unacceptable stresses on the spaghetti fibers.

8. Lead Shot

The effect of using lead shot in the casting is unknown. A prototype will have to be cast to
determine if this is feasible. Draft 2 will include an alternative cost estimate for a lead shot filled
version of the spaghetti calorimeter.

9. Safety

Safety issues associated with the handling, casting and abrading of eutectic lead are being
evaluated to determine if additional safety equipment is required. According to Ronn Wooley of the
SSCL cadmium is the material of most concern.

10.  PMT/Light Mixer Positioning
A geometric analysis needs to be performed to determine if the PMT/Light Mixer combination

can be positioned on adjacent towers without interference. Further, the grouping of the transmission
fibers needs to be analyzed.



Item Quantity Count Unit Wgh
M Tons Ea Kg

Lead 2000.43 |

Outer Rings 83.94

Inner Rings 2.76

Sheaths 244.96 3308 74.05

Fiber 31.97

Total 2364.05

Mark Rennich/Oak Ridge National iLaboratory/8-12-91
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Spashetti Hadron Calorimet

Cost of Top Plates
| _Segmentation Area Thickness Weight Unit Cost Cost
cm*2 cm Lbs
0.08 739.84 2.5 26.71 12 $321
0.1 1156 3.2 53.42 12 $641
0.16 2704 4.2 164.02 12 $1,968

Mark Rennich/Oak Ridge National Laboratory/9-18-91




Spaghetti Hadron Calorimet

Cost of Sheaths

l
0.1 Segmentation
Material Quantity Units Cost/Unit
Sheetmetal 91.92 Lbs 55 $506
Bracing 28.52 Lbs 5.5 $157
Fasteners 16.00 Each 1 $16
Total $678
0.08 Segmentation
Materia) Quantity Units Cost/Unit
Sheetmetal 73.54 Lbs 5.5 $404
Bracing 25.42 Lbs 5.5 $140
Fasteners 16.00 Each 1 $16
Total $560
0.16 Segmentation
Material Quantity Units Cost/Unit
Sheetmetal 183.84 Lbs 55 $1,011
Bracing 53.00 Lbs 55 $292
Fasteners 16.00 Each 1.25 $20
Total $1,323

Mark Rennich/Oak Ridge National Laboratory/9-18-91
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Spaghetti Calorimeter- 0.08 Segmentation
Eiber Frame/light Guide Costing

Element Description Quantity Units Unit Cost Total

Base Plate |1.0 cm Drilled plate 11.28 ibs $12.00 $135

PMT Frame |16 ga Sheetmetal 4.00 ibs $8.00 $32

Fiber 1 mm Trans Fiber 466.19 meters $0.22 $103

Light Mixer |Molded acrylic 1.00 ea $25.00 $25

Shell 12 ga Sheetmetal 12.59 Ibs $4.00 $50

Fasteners |1/2 in 8.00 each $1.00 $8

Total $353
All Metallic components are 304L stainless Steel

Fasteners are a non-magnetic metal
Assumes one readout fiber/WLS fiber

Mark Rennich/Oak Ridge National Laboratory/3-18-91




Spaghetti Calorimeter- 0.10 Segmentation

Fiber Frame/Light Guide Costing

Element Description Quantity Units Unit Cost Total
Base Plate {1.25 cm Drilled plate 22.04 ibs $12.00 $264
PMT Frame (16 ga Sheetmetal 5.00 Ibs $8.00 $40

Fiber 1 mm Trans Fiber 801.26 meters $0.22 $176
Light Mixer |Molded acrylic 1.00 ea $25.00 $25

Shell 10_ga Sheetmetal 20.21 Ibs $4.00 $81

Fasteners [1/2 in 8.00 each $1.00 $8

Total $595

All Metallic components are 304L stainless Steel
Fasteners are a nonh-magnetic metal
Assumes one readout fiber/WLS fiber

Mark Rennich/Oak Ridge National Laboratory/9-18-91




Spashetti Hadron Calorimef

Cost of Spacer Plates: Eutectic Fill

Segmentation Max Area Min Area Number Total Area Weight Unit Cost Cost
cm*2 cm”2 Each cm*2 Lbs
0.08 739.84 129.05 26 11,295.56 21.11 $4 $84
0.1 1156 201.64 26 17,649.32 32.98 $4 $132
0.16 2704 515.29 26 41,850.77 78.21 4 $313
Cost of Spacer Plates: Eutectic/Lead Shot Fill
Segmentation Max Area Min Area Number Total Area Weight Unit Cost Cost
cm”2 cm*2 Each cm*2 Lbs
0.08 739.84 129.05 24 10,426.68 19.49 $4 $78
0.1 1156 201.64 24 16,291.68 3045 $4 $122
0.16 2704 515.29 24 38,631.48 72.20 $4 $289

Mark Rennich/Oak Ridge National Laboratory/9-20-91
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G0991.191
Sept 19, 1991
Mark Rennich

Spaghetti Hadron Calorimeter Fabrication and Assembly Plan
Introduction

The Fabrication and Assembly of the Spaghetti Hadron Calorimeter will be performed in nine
principal production operations, labeled Stations 1 through 9 in the attached flow diagram. Several of
the Stations could be located at different sites or vendors; however, in order to reduce transportation
costs and risk of damage it is assumed that all the fabrication operations (Stations 1 through 6) will be
located at one site. The final assembly stations 7, 8 and 9 will be located at the SSCL installation site
due to the very large size of the completed subassemblies.

The fabrication and assembly is scheduled to require approximately 24 months. The
operations will be performed continuously during that period rather than in a batch mode. Thus,
purchased items will be delivered to the fabrication site on a continuous basis with the iesult'mg
reduction in storage and handling requirements.

I. Purchased Matenial

Major purchased items are:

WLS optical fiber, 3 mm diameter,
Clear optical Fiber, 1 mm Dia.,
Cerrobend Alloy,

Readout Assemblies,

Sheath Assemblies,

Outer Support Rings,

Inner Support Rings, and

Fiber Spacer Assemblies,

oo:-.l.a\t.n-hwm-—-

o |
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Manpower

The fabrication operations will be closely linked both physically and organizatjonally in order
to take advantage of shared labor. It is assumed that most of the labor will be technician grade and
will be capable of performing all operations on all stations. Exceptions will include crane operators,
electricians and other specialists.



III. Description of Fabrication Stations:

STATION ONE

This station will have four set-up stands with personnel access platforms. All work will be
performed with the spacer arrays in the vertical orientation.

Functions:

1. Receive WLS fibers,

2. Inspect fibers,

3. Cut fibers to length,

4. Receive spacer assembly,

5. Inspect and clean spacer assembly,

6. Receive Top plate,

6. Install WLS fibers in spacer/top plate assembly,
7. Expand and arrange spacer/fiber array,
8. Inspect completed array,

9. Store completed array.

STATION TWO

This station will be equipped with four vertical setup stands, personnel access platforms and a
monorail system.

Functions:

Receive Sheath,

Inspect and Clean Sheath,

Retrieve Spacer/Fiber subassembly,

Insert Spacer/Fiber subassemblies in Sheath,
Inspect completed assembly,

Store completed assembly.

P wN



STATION THREE
This station will be equipped with four special work tables.

Functions:

1. Receive Readout Housing,

2, Inspect and Clean Readout Housing,
3. Receive Transmission fiber,

4, Cut Transmission fiber to length,

5. Install Transmission fiber in Readout Housing,
6. Secure Transmission fiber ends,

7. Finish termination end of fibers,

8. Inspect completed assembly,

9. Store completed assembly.
STATION FOUR

This station will be equipped with a two large casting stations, four setup stands, work tables,
and three monorails.

Functions:

Retrieve Sheath subassembly from storage,
Inspect Subassembly,

Assemble mold form,

Insert Sheath subassembly in mold form,
Install mold in molding station,

Perform casting operation,

Remove mold from casting station,
Monitor aging process,

Remove sheath from mold,

Inspect sheath subassembly,

Store sheath subassembly.
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STATION FIVE

This station will be equipped with a single small casting station, Three work tables, and two
monorails.

Functions:

Retrieve Readout subassembly from storage,
Inspect Subassembly,

Assemble mold form,

Insert Readout subassembly in mold form,
Install mold in molding station,

Install lead shot,

Perform casting operation,

Remove mold from casting station,
Monitor aging process,

Remove subassembly from mold,

Inspect subassembly,

Store subassembly.

L
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STATION SIX

This station will have two milling machines, each configured for either a readout or sheath
subassembly. It will also include four set-up stands, personnel access platforms and a monorail.

Functions:

1. Retrieve Readout subassembly,

2. Inspect Readout Subassembly,

3. Machine mating plate/fiber face,

4, Retrieve Sheath subassembly,

5. Inspect Sheath subassembly,

6. Machine mating plate/fiber face,

7. Join Readout and Sheath subassemblies,
8. Inspect tower subassembly,

9. Store tower subassembly.

ALL TOWER ASSEMBLIES WILL BE SHIPPED TO SSCL FOLLOWING ACCEPTANCE BY
QUALITY CONTROL.



STATION SEVEN

This station will be located in Texas at the SSCL. It will consist of three large ring assembly stands.

Functions:

Setup Ring assembly stand for proper ring size,
Inspect assembly configuration,

Receive Tower assemblies,

Inspect Tower assemblies,

Install Towers,

Inspect ring assembly,

Up-right assembly,

Remove assembly from stand.

el b ih i o et it

STATION EIGHT

The inspection stand confirms that the ring module will fit into the detector correctly by measuring
deflections in the instailed orientation. It will aiso be used for other inspection and evaluation
functions.

Functions:

1. Install Ring on Inspection Stand

2. Perform dimensional inspections,

3. Install wiring harness,

4, Remove module from inspection stand.

STATION NINE

This station will be a large stand designed to test fit the ring modules in final configuration.
This stand will also be used for beam and operational testing.

Functions:

1. Install Ring modules,
2. Perform dimensions inspections,
3. Modules will be stored on Stand until beam test.
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Manulacturing of Had.

3paghetti Towers

Spaghetti Hadron Calorimeter
Segmentation: 0.08
STATION ONE

1.00 Assembly Spacer Arrays

Task Number Task Descript. Hours Porsonioad | Unit Tot PHRS |  Quantity Tol.PHRS | Rate i$PHR) MAS (K$)
1.10 Retrieve Spacer plaies [ 1 0.5 4938 2488 N $70.51
1.20 Ratrieve Top Plate 0.25 1 0.25 4938 124 3 $30.25
1.30 Clean spacar plaies 0.25 1 025 4934 1234 )} $30.25
1.40 Assembie Spacer piste stack 0.25 1 0.25 4938 1234 31 _$38.28 |
1.50 Inspect Stack 25 1 025 4938 1234 N $38.25 |
1.80 install Rack in Fiber insiall. Siation 0.23 2 0.5 4908 2488 3 81
170 Gather Fibers 05 1 0.5 4938 2480 1) $70.51
1.50 Cut and inspect Fibers 1 1 1 4938 4938 n $183.02
1.90 inatall Fibers o Rack 3 2 0 4938 20818 3 $918.19
1.10 Expand Spacer siray 0.5 2 1 4338 4938 3 $153.02
111 install spacet bars 0.5 2 1 4938 4“0 n $153.02
112 Inspect compisied sesembly 0.25 1 _025 4938 12M N $30.25
113 Mov# assembly to Storage/STA 2 0.8 1 0.5 4938 2488 Y $70.51

Totale for Station One 9 1225 80468 $1,874.45
STATION TWO

2.00 Assemble Sheaths

Task Number Task Descripl. Hours Porsonicad | Uni Tt PHRS | Quantity | Tot.PHRS | Rms($PHR) MES (K3)
2.0 Retrlaye Shesth 0.5 2 1 4398 4938 M $153.02
202 inspect Sheath 0.23 2 0.5 4938 2488 a $78.51
203 Clesn Sheath 05 2 1 4938 4938 31 $183.02
204 Gather Spacer sasembly 05 1 0.5 4938 2488 31 $78.51
2.08 inspect Spacer Assembly 05 1 0.5 AR 2460 n _$78.51
208 Instal Spacer Assambly In Shesth 0.8 2 1 4938 4938 n $133.02
207 inspect subsssemiby 05 1 0.5 4938 2488 A $78.51
208 Mover subassembly 10 Storage/Sta 4 9.5 2 1 4938 4936 N $153.02

_Totals for Station Two T8 s 29618 $918.10

Mark Rennich/ Oak Ridge National Laboralory/ 8-20-91



Manulacturing of Had.

Spaghetti Towers

STATION THREE
3.00 Assemble Readout Sections
Task Numbaer Task Descript. Hours Personload | Unit Tot PHRS Cuaniity Tol. PHRS Rate ($PHR) M43 (KS)
2.01 Gather Readout Frame 0.25 1 0.25 4938 1234 n $38.25
2.02 Inspect Frame 0.25 1 0.25 4938 _1234 Nn $38.28
2.03 Clean Frame 0.1 1 0.1 4936 1936 N $15.30
304 _Gather Readout Fibars 0.25 1 0.25 4236 1234 3 $38.25
3.03 Cut and Inspect Fibers 1 1 1 4936 4938 a1 $153.02
3.08 install Fibers In Frame 4 1 4 4936 19744 N $612.08
307 Securs Fibers 1 1 1 4938 4930 Nn $153.02
1.08 Finish Fibsr termination end 3 1 3 498 14808 N $459.05
3100 Inspect completed sesembly 0.28 1 0.25 4930 1234 E1] $38.25
3.10 Store Completed sssambly 028 1 __0.28 4338 1234 a1 $38.23
Totals for Station Three 10.35 10.35 51087.8 $1,583.72
STATION FOUR
4.00 Cast Tower assemblies
Task Number Task Descript. Hours Pearsontoad | Unit Tot PHRS Quantity Tot. PHRS Rats ($PHR} M4 S (K$)
4.10 Retrieve Shesth from Slorage 0.5 1 0.5 4938 2488 a $78.51
420 Inspect sheath 0.25 1 0.25 4936 1234 31 $30.25
420 Assemble Moid and Frame t 2 2 4936 8072 n $306.03
4.40 install Shesth In Moid 0.23 2 0.8 4938 2468 n $76.51
4.50 instakt Motd in Casting statlon 0.3 2 1 4938 4938 3 $153.02
4.60 Hest Molding Bath 2 0.1 0.2 4936 987.2 N $30.60
4.70 tnatall Metal In Crucible 0.5 1 0.5 4936 2488 n $76.51
4.50 Pariorm PreCasting Inspections 0.25 1 0.25 4936 1234 a $38.25
4.90 Cast Towst Assemblies 1 1 1 4938 4936 31 $1532.02
4.10 __Remove Mold From Casting Station 05 2 1 4938 4936 3 $153.02
411 Superviss Mold Cool-Down Cycle 16 0.08 [Y) 4936 39400 3 N2
412 Open Mold 1 2 2 4938 9872 N $306.03
413 Clean Towsr Assembly 0.5 1 0.5 4938 2488 3t $786.51
414 Inspect Towsr Assembly 0.5 1 0.5 4936 2468 3 $76.51
418 Move Towsr assembly 1o Station 6 0.5 _2 1 4936 4938 Nn $153.02
Totals for Statlon Four 25.25 12 $9232 $1.836.19

Mark Rennich/ Oak Ridge National Laboratory/ 9-20-91



Manutacturing of Had

3paghelli Towers

STATION FIVE
5.00 Cast Readout Assemblies
Task Number Task Descript, Hours Personioad | Unit Tot PHRS Quantity Tol. PHRS Aste ($PHR) MA&S (K$)
5.01 Retrisve Readout Frame 05 1 0.5 4938 2468 Y $76.51
5.02 inspect Readout rame 0.5 1 0.5 4938 2468 N $78.51
5,03 install frame ln mold 0.5 2 1 4938 4938 n $153.02
5.04 install Moid in Casting station 0.5 2 1 4938 4938 n $152.02
5.08 Fi mold with lead shot 0.28 1 0.25 4236 1234 31 $38.28
3.07 Heat Moiding Bath 1 0.1 0.1 4938 403.8 31 $15.30
5.08 install Motal In Crucibie 028 2 0.3 49386 2468 31 $78.51
5.00 Perform PreCasting Inspections 028 2 0.5 4938 2488 n $76.51
5.09 Cast Readoul sssambly 1 2 2 4838 9872 n $306.03
5.10 Remove Asssmiy from Casting Station 0.8 2 1 4936 4938 n $152.02
5.11 Supervise Mold Cool-Down Cycle s 0.08 0.4 4938 1974.4 3 $61.21
512 Open Mol 0.25 1 0.25 4936 1234 n $38.25
813 Cloan and Inapact Assembly 0.5 1 0.5 4938 2488 N $76.51
8.14 _inspect Assembly 0.5 1 0.5 4938 2468 a1 $76.51
5.18 Stage Casting In Machine Area 0.3 1 0.5 4238 2408 L $78.51
Totsts for Station Five 18 9.5 48892 $1,452.65
STATION SIX
6.00 Assemble Tower Components
Task Number Tash Descript. Hours Parsonioad | Unit Tot PHRS | Quantity Tot. PHRS Rate ($PHR) M&S (K$)
0.01 Adjust Tower Assembly Stand 1 2 2 58 116 3 $3.60
.02 inspect Towsr Assembly Stand 0.8 2 1 . ] s8 n $1.00
8.03 Locate and Transpor Hadron Section 05 1 0.8 4938 2488 3 $76.51
.04 Locate and Traneport Readout Ssction 0.5 1 0.5 4938 2408 3 $76.51
5.05 Test Fit components 0.5 2 1 4938 4936 1] $153.02
.06 Attach Components 0.5 2 1 4936 4938 n $153.02
8.07 inspect Towsr Subassembly 0.28 2 0.5 4938 2458 31 $78.51
6.08 Label and Stors Subsssembly 0.5 2 1 4938 193¢ Y $153.02
Total for Statlon Slx 425 7.5 22386 $693.07
Production Towasr Fabrication Tolals Y 578 269679.6 $6,350.07
Fitup Towst Fabrication Totals 0 75 232 17400 $539.40
Production Tower Fabrication Tolals 287079.6 $6 899 47

Mark Rennich/ Oak Ridge National Laboratory/ 9-20-91



Manufacturing of Hag.

Spaghetti Towers

STATION SEVEN
7.00 Assemble Cones @ Texas
Task Number Task Descript. Hours Parsonioad | Unit Tot PHRS Quantity Tol. PHRS RAste ($PHR) M&S (K$)
7.01 Asasmbile Conical Fixture - 2 10 50 580 28 $15.08
7.02 Inspect Conlcal Fixture 1 2 2 58 118 26 $3.02
7.03 Locate, Transport and inspect Ring 3 _2 [} 58 3 2 $9.05
7.04 Install Outer Structural Ring 2 2 4 58 232 26 $6.03
7.08 Locate and Transport Tower Subass. 0.5 2 1 4938 4938 26 $1268.34
7.08 install Tower Subassemblles 0.8 2 1 __4936 4938 ] $128.34
7.07 Inspect Partial Assombly 4 2 [ ] 58 484 2 $12.08
7.08 Determine Dimenslons of Fit-Up Towers 2 2_ 4 o 232 26 $6.03
7.09 Install Fh-up Towers 4 2 ] 232 18568 26 $48.20
7.10 Install nnver Structural Ring 3 2 [ 232 1392 26 $36.18
7.11 Complets Assembly of Ring 2 2 4 58 232 26 $6.03
712 Labsl and Stors Ring 3 3 9 M 52 2 $13.57
Tolal for Statlon Seven 30 63 15848 $412.00
STATION EIGHT
8.00 |Test Subassemblies @ Texas
Task Number Task Descript. Hours Personload Unit Tot PHRS Quantity Tot. PHRS Aate {$/PHR) MA&S (K$)
8.01 Move Ring to Test Station 3 3 9 54 522 28 $13.57
2.02 Inatall Phototubes 18 2 32 38 1858 o] $48.28
.03 insiall Test Hamesses 18 2 32 58 1856 2 $48.26
85.04 Start-up Test Apparsius ] 2 18 58 928 - 20 $24.13
_8.08 Perform Operational Tests 24 2 43 58 2784 2% $72.38
5.08 Rsturn Ring to Storage/Sta 9 3 3 9 58 522 28 $13.57
Tolal for Station Elght n 148 8468 $220.17
STATION NINE
900 [Assembly Fit-up @ Texas
Task Number Tusk Descript. Hours Personload | Unit T PHRS |  Quantity Tot. PHRS Rate (#¥PHR) M&S (KS$)
9.01 Move Subassemblies 10 Fit-up Stand 40 3 120 53 8960 26 $180.96
9.02 Install Wirlng Harnesses/Shieids 40 3 120 58 8960 2 $180.96
9.03 Operationat Test 40 2 80 58 4640 26 $120.64
Tolal for Station Nine 120 320 18560 $482 56
Accumulsted Manpower Cost 326954 $10,014.19
Parsonnal Eticlency 1.25 $1.25
Estimated Manpower cost 412442 $12517.74

Mark Rennich/ Oak Ridge National Laboralory/ 9-20-91




Equipment Required For Spaghettl Calorimeter

Equipment Quantity Unit Cost Total Cost
STATION ONE
1.01 Fiber Cutting Machine 2 $7K $14K
1.02 Spacer Alignment Fixture 2 $8K $15K
1.03 Fiber Inssrtion Machine 2 $15K $30K
1.04 Spacer Expanslon Fixture 2 $10K $20K
1.05 2T Monoralil 1 $10K $10K
STATION TWO
2.01 Vertical spacer/shesath ass std 1 $15K $15K
2.02 Personne! Platform 2 $2K $4K
2.03 2 T Monorall 1 $10K $10K
STATION THREE
3.01 Fiber [nstalition Workstations 4 $10K $40K
3.02 2 T Monorall 1 $20K $20K
STATION FOUR
4.01 Large Casting Systems 2 $250K $500K
4.02 Molds 31 $7K $217K
4.03 5 T Monorall 2 $20K $40K
4.04 Setup Stands 5 $15K $75K
4.05 Personnel Platforms 2 $10K $20K
STATION FIVE
5.01 Readout Casting Systems 1 $100K $100K
5.02 Molds B | $4K $124K
5.03 2 T Monorail 2 $10K $20K
STATION SIX
6.01 Band Saw 1 $15K $15K
6.02 Mllling Machine 2 $250K $300K
6.03 Tower Fixture 4 $10K $40K
§.04 Readout Fixture 4 $10K $40K
6.05 Tower Assembly Stand 2 $15K $30K
6.08 Personnel Platform 2 $4K $8K
6.07 5 T Monorall 2 $20K $40K
STATION SEVEN
7.01 Ring Assembly Stand 2 $125K $250K
7.02 Ring Lifting Fixture 1 $100K $100K
7.03 Ring Adsapters 23 $10K $230K
STATION EIGHT
8.01 Vertical Assembly/insp Stand 1 $250K $250K
8.02 Ring Adapters 23 $10K $230K
STATION NINE
9.01 Subassambly Stand 2 $250K $500K
9.02 Temporary Bracing 1 $50K $50K
GENERAL EQUIPMENT
10.01 Enviromental Control 1 $500K $300K
10.02 Cilothing 1 $50K $50K
10.03 Cleaning Supplies 1 $50K $50K
10.04 Tools 1 $100K $100K
10.05 Temporary Use ltems 1 $200K $200K
10.06 Handling Carts (10 to 100 T) 5 $15K $75K
Total

$4,532K

Mark Rennich/Oak Ridge National Laboratory/ 9-21-91
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Spaghetti Hadron Calorimeter
Segmantation: 0.01

Manufacturing of Had

3paghetti Towers

STATION ONE
1.00 |Assembly Spacer Arrays
Task Number Task Descript, Hours Persontosd | UnitTot PHRS | Cuaniity Tot. PHRS | Rmte ($PHR) MA&S (K$)
110 Retrieve Spacer piates 058 t 0.5 3124 1562 n $40.02
1.20 Retriove Top Plats 0.28 1 0.25 N 781 1] $24.21
130 Clean spacer plates 0.28 1 0.28 NN m Nn $24.21
1.40 Assembie Spacer plate stack 03 1 0.5 3124 1562 N $48.42
1.50 Inspect Siack 0.25 1 0.25 3124 71 N $24.71
1.60 install Rack in Fiber instait. Station 0.25 2 0.5 N4 1562 1] 442
170 Gather Fibers (1] 1 9.5 N 1562 N $40.42
1.0 Cut and inspect Fibers 1 1 1 3N N2 N $90.84
1.50 instakt Fibers In Rack 4 2 [ 324 2092 N $774.75
1.10 _Expand spacer array 0.5 2 1 N4 N E 1] $0e.54
111 install spacer bars 0.8 2 1 n24 N1 N $98.84
112 Sngambly 0.5 1 0.5 N 1562 3 $48.42
113 Move sseembly to Storsge/STA 2 [Y] 1 0.5 _ 3 1582 n $40.42
Totsle for Station One 2.5 14.78 46078 $1,42048
STATION TWO
2.00 Assemble Sheaths
Task Number Task Descript. Hours Personioad | Unit Tot PHRS |  Guantity Tol. PHRS | Rate (#PHR) &S (KS$)
201 retrieve Sheath 0.8 2 1 N4 N2 3 $96.64
202 Inapect Shesth 0.25 2 0.5 nu 1562 N $48.42
203 Clean Shesth 0.5 2 1 N24 N24 Y $90.84
204 Gather Spacer assembly 08 1 0.5 N24 1582 n $46.42
208 inspect Spacer Assembly 0.8 1 0.8 N 1582 3 $48.42
208 insiall Spacer Assembily in Sheath 0.5 2 1 3124 NN N $96.54
207 inspact subassemiby 0.5 1 0.8 3124 1562 A $40.42
208 Mover subsssembly to Storage/Sta 4 05 2 1 3124 3124 3 $96.04
Totals for Station Two 3.7 18744 $581.08

Mark Rennich/ Oak Ridge National Laboratory/ 9-20-81



Manulacturing of Hao

Spaghelli Towers

STATION THREE
3.00 |Assemble Readout Sections
Task Number Task Dascript. Hours Personioad [ Unit Tot PHRS Quaniity Tot. PHRS Rate (WPHR) MAS (K$)
3.0t Gather Resdout Frame .28 1 0.25 3124 781 a3t $24.21
2.02 Inspect Frame 0.28 1 028 3124 81 N $24.21
3.0% Clean Frame 0.1 1 0.1 3124 212.4 n $0.88
3.04 Gsther Readout Fibers 0.28 1 0.25 124 71 an $24.20
4.05 Cut and Inspact Fibers 1 1 1 124 3124 n $90.04
3.08 instail Fibers in Frame 5 1 [ 3124 15620 N $484.22
3.07 Sacure Flbers 1 1 1 124 3124 3 $06.84
2.08 Finish Fiber termination end 3 1 3 3124 93712 3 $290.53
.09 Iinspecl compielad asssmbly 0.28 1 0.25 3124 “m 3 s
310 Store Completed aseembly 0.25 1 0.25 3124 781 31 $24.21
Totals for Statlon Three 11,38 1138 35457.4 $1,099.18
STATION FOUR
4.00 Cast Tower assemblies
Task Number Task Descript. Hours Personioad § Unit Tot PHRS Quaniity Tol. PHRS Aate ($PHR) MAS (K$)
4.10 Relrisve Shesth from Storage 0.8 1 0.3 3124 1562 3 $49.42
420 inspect sheath 0.8 1 0.5 2124 1562 N $48.42
4.30 Asssmbie Moid and Frame 1 2 2 3124 8248 a $193.69
4.40 Install Shesth n Mold 0.5 2 1 3124 4 3 $94.84
4.50 Inatail Mold In Casting station 0.5 2 1 3124 3124 N $96.84
4.60 Heat Molding Bath 2 0.1 0.2 NN 624.8 at $10.37
4.70 instal Metal Jn Crucible 0.5 2 1 3124 3124 n $08.54
4.80 Perform Pncntlng inspections 0.25 1 0.25 24 781 3 $24.21
490 Cast Tower Assembiles 1 2 2 nM 6248 a1 $193.69
410 Remove Mold From Casting Station 0.5 2 1 2124 3124 31 $96.84
4.1 Supervise Mold Cool-Down Cycle 18 0.05 0.8 3124 2499.2 3 $77.40
412 Open Moid 1 2 2 24 8248 n $193.69
413 Clean Towss Assembly 0.5 2 1 32 3124 3 $96.84
4.14 inspect Tower Assembly 0.5 2 1 24 N2 3 $96.04
418 Move Towsr assembiy 16 Statlon § 0.5 2 1 3124 124 N $58.54
Totals for Statlon Four 2575 1825 47641 $1,478.87

Mark Rennich/ Oak Ridge National Laboratory/ 9-20-91



Manuiaciuring of Haa.

Spaghelli Towers

STATION FIVE
5.00 Cast Readout Assemblies
Task Number Task Descript. Hours Personload | Unk Tot PHRS CQuantity Tol. PHRS Rate ($PHRA) M3S (K$)
5.01 Retrieve Readowut Frame 0.5 1 0.5 3124 1562 3 $48.42
5.02 _napect Readout irame 0.5 1 Y n24 1562 2 $40.42
503 Install frams in mold 0.5 2 1 3124 124 3 $98.54
5.04 Insial Moild in Casting sistion 0.5 2 1 3124 N2 n $96.84
s.03 Filt mold with lsad shot 0.28 1 0.25 N4 ™ at s24.21
5.07 Heat Moiding Bath_ 1 0,1 0.1 NN 3124 an $0.88
.08 Install Matal In Crucible 0.25 2 0.5 n24 1582 Y $48.42
_5.08 Perform PreCasting inspections 0.28 _ 2 0.8 3124 1562 Y $48.42
5.00 Cast Readout assembly 1 2 2 Fr) 8240 n $193.89
5.10 Remove Assemiy from Casting Station LX ] 2 1 nu 3124 n $98.04
n Supervise Moid Cool-Down Cycle [] 0.0 0.4 3124 _12498 n $38.74
5.12 Open Mold 028 1 0.2§ 3124 ™ E1 | $24.21
5.13 Cloan and Inspect w 0.5 1 0.3 3124 1562 N $408.42
5.14 Inspect Asssmbly 0.5 1 0.8 324 15682 n $40.42
515 Stage cwln[ln Machine Arsa 0.5 1 0.5 3124 1562 N $48.42
Totsls for Station Five 15 .5 29878 $020.02
STATION SIX
6.00 |Assombie Tower Components
Task Number Task Descript. Hours Porsonioad | Unit Tt PHRS | Quantity Tot, PHRS | Rste ($PHRA) MaS (K$)
6.01 _Adjusi Tower Asssmbly Stand 1 2 2 48 92 ]| $2.85
.02 inspect Towsr Asssmbly Stand 05 _2 1 .8 4 n $1.43
$.03 Locate and Transport Hadron Section 0.5 1 0.5 3124 1562 Y $48.42
8.04 Locate end Transport Readout Section 05 1 0.8 3124 1562 N $48.42
8.08 Test Fit components 0.5 2 1 N4 _3124 1] $96.84
6.08 Attach Components os 2 1 3124 N N $08.84
8.07 inspect Tower Subassembly 0.25 ] 0.5 3124 1562 N $48.42
8.00 Label and Stors Subassembiy 0.5 2 1 3124 124 N $96.04
Total for Station Six 428 7.5 14198 $440.08
Production Towsr Fabrication Totals 084 64.35 1917954 $5,945.66
Fitup Towsr Fabrication Totals ] a5 184 15640 $464.04
Production Tower Fabrication Tolals 207435.4 $6,430.50
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Manufacturing ol Had.

Spaghetti Towers

STATION SEVEN
7.00 {Assemble Cones @ Texas
Toak Number Task Descript. Hours Parsonioad | Unit Tt PHRS | Ouantity Tot. PHRS Rate (SPHR) MAS (K$)
7.01 Assembie Conical Fixture 3 2 10 4 460 26 $11.96
7.02 inspect Conlcal Fixture 1 2 2 “® 92 26 $2.39
7.03 Locate, Transport and inepect Ring 3 2 8 48 e 2 $7.18
7.04 install Outer Structural Ring 2 2 4 46 184 26 $4.70
1.05 Locate snd Transport Tower Subass. 0.8 2 1 3124 124 26 $61.22
7.08 Install Tower Subassembiies 0.8 2 1 3124 3124 20 $61.22
707 inspect Partial Assembly 4 2 8 48 288 26 $0.57
7.00 Ostermine Dimansions of Fit-Up Towens 2 2 4 _» 184 26 $4.70
7.09 instait Fii-up Towers 4 2 8 184 1472 26 $38.27
7.10 install innar Structural Ring 3 2 8 104 1104 26 $28.70
7.11 Compiete Assembly of Ring 2 2 4 4 184 26 $4.78
AL Label and Siore Hlnl 3 3 9 48 414 26 $10.78
Total for Station Seven 30 83 10988 $265.64
STATION EIGHT
8.00 |Test Subassemblies @ Texas
Task Number Task Desciipt. Hours Personload | Unit TR PHRS | Quanthy Tol. PHRS Rate ($PHR) MAS {K$)
0.01 Move Ring 1o Test Statlon 3 3 9 46 414 26 $10.78
8.02 Iml_g Phototubes 18 2 32 48 1472 26 $30.27
5.03 install Test Harnesses 18 2 22 " 1472 26 $39.27
8.04 Stari-up Test Apparstus U 2 18 “® 738 26 $19.14
2.05 Parform Operational Tests P 2 48 46 2208 20 $57.41
0.08 Retum Ring to Storsge/Sta 9 3 3 9 - 414 2¢ $10.78
Tolal for Station Eight 70 148 6718 $174.62
STATION NINE
8.00 |Assembly Fit-up @ Texas
Task Number Task Dasoript. Hours Personload | Unit Tot PHRS Guantity Tot. PHRY Aste ($PHR) M&S (K$)
9.01 Move Subassembiles 1o Fit-up Stand 40 3 120 48 5520 26 $143.52
9.02 instadl Wiring Hamessss/Shisids 40 3 120 46 5520 26 $143.52
9.03 Opersiionsl Test 40 2 80 48 3680 2 $95.68
Totad for Statlon Nine 120 320 14720 $382.72
Accumulsted Manpower Cost 229857 $7.273.47
Parsonnel Efficlency 1.25 $1.25
Estimated Manpower cost 299822 $9,091.84

Mark Rennich/ Oak Ridge National Laboralory/ 9-20-91



I iiminary-For Estimating Purposes Only

Connection and Position Adjustment Frame

NWY:

LUVAVANNN

100+ Mton Counterweight

{Must be adjusted to match
each ring type)

Instaltation Rall

Installation Carriage

7/7/71118

$Z

GEM Detector
Spaghetti Calorimeter
Ring Installation Transporter

G.03.SC.0047 CONCEPTUAL DRAWING
Rennich
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Note: The Central Membrane Will Require Temporary
Bracing During The Installation Process
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GEM Detector
Spaghetti Hadron
Instaliation Sequence
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Installation M Spaghetti Hadron Calorimet

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

Millwrights 4 4 170 2720 2235 $60,792
Electrician 4 9 170 6120 29.86 $182,743
Crane Operator 1 9 170 1530 26.64 $40,759
Iron Worker 6 7 170 7140 22.35 $159,579
Pipe Fitter 4 6 170 4080 21.50 $87,720
Total 19 21590 122.70 $531,593

Mark Rennich/Oak Ridge National Laboratory/9/19/91




Spaghetti Hadron Calorimeter Installation Equi

Equipment Quantity | Weight Units |jUnit Cost Cost
Installation Rails 1 600000 Lbs $1.50 $900,000
Transport Cart 1 150000 Lbs $4.00 $600,000
Temporary Bracing 1 150000 Lbs $2.00 $300,000
Transport Pusher 2 Ea $50.00 $100
Total $1,800,100

it is assumed that Ring Lifting Fixtures Fabricated for the Manufacturing Process can Be used In Installation

Mark Rennich/Oak Ridge National Laboratory/9-12-91
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Unresolved Design Issues
1. Readout Joint

 The current design assumes that the 3 mm dia WLS fibers will be readout via 1 mm
transmission fibers. A single transmission fiber is assumed for each WLS fiber.

2. Fiber Potting

The 1| mm diameter transmission fibers will have to be supported prior to eutectic casting since
the buoyancy of the fibers will induce permanent stresses in the fibers.

3. Casting Growth

Eutectic is known to grow for extended periods after casting. The accommodation of the
growth is not well understood. It will require consideration of adequate clearances and tolerances.
Calculations indicate that 1% growth will cause the sides of the towers to grow 0.75 mm.

4, Structure

The estimated amount of gap and structure in the active region of the spaghetti calorimeter is
6.5%. This estimate is based on a very optimistic 2 mm clearance between towers. While this should
be achieved between towers in a single ring it will be extremely difficult to accomplish this between
rings.

3. Assembly Tooling

Additional engineering will be required to correctly estimate the amount of tooling required to
construct the spaghetti calorimeter.



6. Installation Tooling

Additional engineering will be required to correctly estimate the amount and type of tooling
required to install the spaghetti calorimeter.

7. Fiber Shear

The structural design of the spaghetti calorimeter requires further evaluation to determine if
shifts can occur which will induce unacceptable stresses on the spaghetti fibers.

8. Lead Shot

The effect of using lead shot in the casting is unknown. A prototype will have to be cast to
determine if this is feasible.

9. Safety

Safety issues associated with the handling, casting and abrading of eutectic lead are being
evaluated to determine if additional safety equipment is required.

10.  PMT/Light Mixer Positioning

A geometric analysis needs to be performed to determine if the PMT/Light Mixer combination
can be positioned on adjacent towers without interference. A preliminary layout indicates that the
readout assemblies will have to be staggered, thus increasing the overall diameter of the Scintillating
Fiber calorimeter.



2 mm Clearance gap
(3 mm Outside)

6 mm

2.00 mm St St Sheath

GEM Detector
Tower Structure
At Front Face Of Hadron Towers

G.03.5C.00053

Percentage Of Structure and Gap:

0.10 Segmentation (A=138/297, B=134/293)
At Front Face: 8.39%
At Back Face: 4.61 %

0.08 Segmentation (A=110/237, B=107/233)
At Front Face: 8.73%
At Back Face: 5.75%

“B" mm HA" mm

Rennich




HAMAMATSU CORPORATION
360 FOOTHILL ROAD ® P. O. BOX 6910
BRIDGEWATER, NEW JERSEY 08807-0910
TEL. (908) 231-0960 ® FAX (308) 231-0405

-

Dr. Mark Rennich
Oak Ridge National Labs
Oak Ridge, TN 37831

Fax: 615-574-7986

L

Here is our quotation on the goods named, subject to the conditions noted:

_

FRIGE WGUWIATIWUN

EB910906

PLEASE NDICATE TR §
NLMBER WHEN 2ROCERING

DATE

September 6, 1991

YOUR INQUIRY DATED

PROPQSED SHIPPING DATE

see below

TERMS Fo.8.

Net 30 days Middlesex,

SALESPERSON

Ed Baro

TO BE SHIPPED VIA

UPS

PPC OR CC

CONDITIONS: The prices and terms on this quotation are not subject to verbal changes or other agreements unless approved in writing by the Home Office o
the Seller. All quotations and agreements are contingent upon strikes, accidents. fires. availabilily of materials and all other causes beyond our control. Price.
are based on costs and conditions existing on date of quolation and are subject to change by the Seller before final acceptance.

Typographical and stenographic errors subject to correction. Purchaser agrees o accept either overage or shortage not in excess of ten percent to b
charged for pro-rata. Purchaser assumes liability for patent and copyright infringement when goods are made to Purchaser’s specifications, When quotation spe
cifies material to be furnished by the purchaser, ample allowance must be made for reasonable spoilage and material must be of suitable quality to lacilitat

efficient production.

Conditions not specifically stated herein shall be governed by established trade customs. Terms inconsistent with those stated herein which may appear o1

Purchaser's format order will not be binding on the Seller,

QUANTITY ODESCRIPTION PRICE AMOUNT
Estimated
Ball Park [Price
10,000 R2490-05 - 2 inch, fiae mesh, head-on PMT with $785.00

gain of 10" at 0.8T

Delivery is 90 days ARO for 150 pcs,
200 pcs for the next 2 months,
1 month and 500 pcs per month till end.

300 pcs next

Above item is manufactured in Japan.

2 months

/] A7

FORM 1 RAPIDFORMS. INC THOROFARE, NJ 0B086-3499

QUOTE VALID FOR _30 __ pAYS.

BY

2270

Edward J. Bafo
Sales Engineet

TO CONFIRM ORDER, SIGN & RETURN PINK ACCEPTANCE COPY
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ATTN: E0 BARo R2490 - 05
e B Typical Current Amplification and Dark Current
In Magnetic Field (Parallel to Tube Axis)
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HAMAMATSU CORPORATION

TERMS AND CONDITIONS

THE ORDER FOR THE GOODS (TWE “G0O0DS ) SPECIFIED ON THE FACE HEREOF IS UPON THE FOLLOWING EXPRESS TERMS AND CONDITIONS WHICH TOGETHER WITH SAID
CRDEA BHALL CONSTITUTE YHE ENTIRE CONTRACT (THE "CONTRACT ') BETWEEN HAMAMATSU CORPORATION (THE "SELLEA} AND THE BUYER (THE "BUYER"') SHOWN ON
THE FACE HEREOF.
L. TERMS AND CONDITIONS. ANl terms and condiions relating ta the sale of the Goods or rendering of services Hy Sailer are set forth herein, subject to change by Seller without nonge. This Contract
supersedes Buyer's ordes blank  —onfirrmation or manifold and any other contzact or confirmaticn relating to the Goods between Buver, Seller. and any braker agent or empioyes of either party. This Contract
contains the hinal and complete agreament between the carties and there are NO rEPrasENtalioNg of wartanhes, Exprass of mphed, with respect 1o the Goads, except as specifically sat lorth herem. This Con
tract may not be changed Jr terminated orally. ang no change. termination or waiver of any proviseon hereot or of any nght heraunder shall D8 Adng ON Saller uniess 1T 1§ n wrhing and signed by a Ouly
authorized oticer of Seiter Na waiver by Seller of gny defgult shall be nsemed a warver of any subsequent default. Failure of Seiler 10 object 16 provisions COntaned in any order or other CoMMyuMEanon Hom
Buyer sha' not be congtrued as & waiver of any nght or remedy ol Selier hereunder. nor an acceptanre of any such provisions.
1I. PRICES AND PAYMENT. Fhe prices and terms of this Contract are not subject ta any antic:paLon or any AiISCOUNT, 10 #ny Tetate Or MOdiLCatON. Of 10 any trade cuSIOM, except as shown on the lace
hereot. Notwithstanding the foregoing. in view of Sellar § fluctuating costs. currency flugtuations, and other lactors affectng Selier. prices sat forth in this Contract for the Goods are subece 10 change by
Selier frorm ume to ume without notice. Urirss 0tFarwise indicated on the face hereol, gach shipment ¢f the Goods (whether or not itis an instaliment shipment) must be paid for i kall within 30 days of the
da‘e ol the (nvoice tor such shpment, subyect 10 any nght of Seiler contained in this Contract ta demand eariar payment.
Wt TAXES. Al ranffs, imporr and export dubes, ang similar imposts and taxes on the Goods, whethat now exisuing or hereatter imposed or modifeed. and 8l manufacturers’ 1axes, use 1axes, sales taxes. or
taxes of gJties of any nature whatsoever which may be agsessed againsi this order, shall he added to 1he price shown on the face herect and shall be paid by Buyer; 0 the event Seller 1s required 16 pay any
such tax or duty_ the Buyer shall rennburse Selter tharefor on demand or, in Iy of Such paymant, shall provide Ssiler ar the tme the order 13 aubmitted with axemption ceruhicates or Dther documents accep
table to taxing or customs authorities
V. CREDIT. Trus order is given and accepted subigct 1o Seller's approval uf Buyer's cradit, determinable at any ime and from tme 10 tme by Selier in s sole judgmaent. at{ecting the whole or any untuthlied
porton ¢f this Contract. Salier, inls 3oin judgment, mav at any hime hril, modhfy or Gancel the credit of Buyer both as 16 me and amount, and may demand and be enttled to receive payment ia gash betore
stupment or delvery of the whole o1 any part of the Goads without allecting the obhigation of Buyer ta complete thrs Contract. Upon failure af Buyer 1o make any such payment immediateiy upon demand,
Seller may carcel the rermam Jer of Lh's Contract ard any other contract then existing between Buyer and Selier, and may sell all or any part ot the undelivered Goods. without notice to Buyer. at puthc or
orivate sale. hoiging Buver hable for any damage or hinancial loss resulting ta Seller by reason thereof
¥. DELIVERY. Al Gonds are s0id F.Q.8. place of shipment. Transportauor: 1o destinaton 1s the responsiblity of Buyer. and Buyer alone shall bear the cost of treight and insurance, payabie by Buyer as
briled Unless specihc instrpctions are given by Buyer, Seller will selact, inits sole judgment, the method and route of shiment. The dalivery of the Goods 10 a carrer and the issuance by it to Seiler of a bl of
laging or seceipt, or the maiing of the Goods to Buyer or ro snother party designated by Buyer, shall be deemad to be complete delivery 1o Buyer of the Goods covered thareby, and the data of the till of
lading or receint issued by the carner. or the date of maing by Seller 10 Buver, shait be conclusive proot of the date of such delivery 1o Buyer, Seller's rasponsibility shall terminate when the Goods are
delvered to the carrier of whan the Goods are deliversd of maded (0 Buyer or other Darty designated by Buyer, and all nsk of Ioss or damage n transit shall thereugon pass Immadiately 10 the Buyer. in cases
of concealed damage. such damage must be reported ta the delvery carner within hve |5) days of dehvery, and a concesalad damage report must be obtamad from the carrier.
VI. DEFERRED DELIVERY. All Goods on which delivery 15 deferred at the reguasf of or bacause of Buyer, or on which delivery 15 deterrad at the opton of Selier under any of the prowsions of this Contract,
shall be at the sk of the Buyer, Saller, in addition to any othar nghts or remedies it may have hereunder, may hold and tarthwith invasce such Goods for immadiate payment. Seller shatl hoid the Goods ana
retan Uitie thereto as security tor the invace value thereof and for such other sums as may then or therealter be due trom Buyer to Seller under this Contract or any other contract betwasn the partes. Seller
shall have ail nghts. remedies and lens 8% an unpiid Seller as provided o by law. If Saller deters delivery at the request of or because of Buyer or at Seller’s apuon, and whether or not Sefler bills the Goods as
abave prowided, Buyer shall be habie for all storage, insurance. handhng and all other charges or expenses Ncurred by Selier by reason of the defarred delivery as wall as for the interest on the Contract prce
of the Goods at the rate of eighteen (18%) percant per annum. or, at Seller’s sole option. at the highest rate of interest per annurm then beng paid by Sedter to any party. from the invoice date 10 date ol
payment ot the invoice. Buyer shall pay such sums_ from tme ta me, upon demand of the Seiler. At any time while Seller 15 sa holding the Goods, it may, i ts sale and absolute tiscretion. cancel any credit
terms extended 10 Buyer -
Vil. INSTALLMENTS. Delivery of the Goods may be made in instaliments. A default \n any payment by Buvar after delwery or offer of delivery of any part of ingtailment may at the option of Seller be
deerned 2 defaylt in the entwe Contract. Upon such detfault or upon any other default or breach of this Contract by Buyer, Seller. at its option, by giving notice in wrting 10 Buyer of s electon so (o do. may
cancel this Contract and such Dther cuntracts 83 may axist between Buyer and Seller, andsor may defer smpment or gebvery uritl such default or breach s cured and/or may cancel any undehvered portons
of this or such othar orders andror may demand immediate payment of all outstanding bills of Buyer. In the event of any cancedlation by Seller. Seiler shall have the nght to racover damages against Buyer by
reason gt Buyer's detauit or prior breach of thus Contract ano may sell ail or any part of the undehivered Goods without notice to Buyer. at public or private sale, holding Buyer liable tor any damage or hnancial
'~55 resuiting to Seller by reason of Buwer's detault or hreach.

V. PUBLICATIONS. Publicatons descnbeng Seller's products are ntended to be typical of design, form factor and performance, but in themsalves do not constitute a specihic offer to ssll in accordance

2 stated specihcations: such publications do not bind Selier in any way .
1X. APPROVAL BY SELLER. A/ ordars are subject to approval by an authanized alhcer of Seller; no salesman is authonzed to bind SeHar.
X. MINIMUM BILLING. Al crders are subject ta a munimum billing of $25. exclusive of transportation or other costs.
Xi. NO QUOTATION. This s a Contract and not a quotation uniess the word "QUOTATION' s marked on the face hereof. Al quotations are subject 1o the terms and conditions of sale set torth heren
Xii. FORCE MAJEURE: SHIPPING DELAY. Saller shali not pay or be iable for any penalty or any damages, erther iquidated or otherwise, {or late delivery or instaliation. Shipping dates are appraaimate,
whether or nat specitically set lorth on the face hereot. Shipping dates are depandent upon prompt recenpt from Buyer of all information necessary for the proper processing of Buver's order. in 1he event
1here ts any delay by Buyer in lurmishing complete information. the date of shipment may be extended for a reasonabile tme, taking into account Seller’s production schedule. Selier shall not be habie for any
nonperformance or delay in the delivery or shipment of Goods. or any other delay in pertormance under thus Cantract, when such nonperformance or delay 13 cauged directly or incdirectly by any cause beyond
Seller’s rgasonable control  (whether of Not Now wn contemplation ot either of the parties). nchuding but not lirsted 1o torce majeure, acts of God, acts of Buyer, strikes, labor disputes. epidermucs, floods,
quarantne restrchons. civil COMMOoNon, war, hostlhitres iInsurrection, niot; fules. law, orders. actions, S@iZures, requisiions, poonties, preferem:es. nstruchions, reguhllluns. restnctions or acuons of any
goverrment of any agency or subdivision thareol: casuaitias, firgs. acodents, embargoes. quotas, transportanion delays: shortages of labor, matenals, goads, fuel, power or transportation facilities; deten-
non of goods by customs authonties. sinking of vessals, ioss of goods in public or pravate warehouses, or inabiity (0 procure or delay N procuring Mmateriais, goods, labor or manufacturing faciities tram
Selier's usual sources o In its usuad! manner. in any such avent Selier shail have the right, at its electon and wethout any liabiity 1o Buyer. 10 (a) cancel all or any portion of this Contract, or ib) perform this
Contract #s $0 rastricted or modified. ard Buyer shail accept such restncted o modihed performance. or Ic) perform thus Contract within a reasonable ime after the cause for noa-pertormance or delay has
terminated Delay in dehvary of any instaliment shall not rekave Buyer of /18 obhigation to accept subsequent deliveries of pay for pror dalivenes,
XNI. PENALTY OR DAMAGES. Seller will 0ot pay or be hable for any penaity of damages of any kind. either liquidatad or otherwise, with respect to any order unless specilically approved in writing by &,
authonized officer of Seller
XIV. STOPPING WORK OR CANCELLATION. In the svant of & request to 510p work of 10 cancel the whole or part of any order, Buyer shall make paymants 1o Seller ag follows:

{31 Any and all work that can be completed within 30 days trom date of notification to s1op work on acceunt of cancellation shall be completed, shipped. and pad far in full,

b. For all ather work in process and all matenals and supplies procured of tor which detinite commitments have been made by Seller in connaction with the order. Buver shall pay Selier upon dermand all
of Seller's costs. losses and expenses. includwg but not hmited to costs of matenais, supphes, wagas. overhead and cancaliaton of commitments, in CoONNECHON with of anging out of stopping and redirec-
1ng production_ determmned n accordance with gaod accounting practice, plus 15% of all such costs. losses ang expenses
XV. PATENT INFRINGEMENT. Buyer agrees to indemnity Selier from and aganst any and all claims, 1088, cost. Jamage and expenses, including reasaonanle attorneys’ fees, with 7espect to any patent in-
tringerment claim ansing out of orin any way SonNected with (a} apphcation or use of the Goods, o« (L) Goods buil by Seller in accordance with Buyar's designg.

Xvi, DESIGN CHANGES. Seller resarves the right to make thanges in tha gesign of tha Gooas if such changes, in Selier’'s sole judgment, tend to imprave the performance or otharwise benefit the Goods

XVi) IMPROPER INSTALLATION OF MISAPPLICATION. Seller 15 not responsible for damages 10 apparatus or Seller’s equipment of products bacause of or 1on of the

Goods.

XKVill. RETURAN OF GOODS. it Buyar wanis to return any Goods:

in no case are goads ta be returned without first obtaining Seller’s written permission.

Goods built to order are NOT SUbMECE ta retyrn for credit under any CYrcumsiances.

Any Goods raturned without Seller's wotten parmission will remain the property of the sender angd Seiler will not be habie for loss by thett, fire, or other damage

Al transportation charges i CONNECTON with return are (¢ be borne by Buyer,

Goods must be securely packed 10 reach Seller withou! damage. Any costincurred by the Seller to put Goods in first class condition will be charged 1o Buyar

XIX. GOVEANMENTAL REGULATIONS. I the Goods are, or hereatter become, subject 1o governmental control. aligcation, regulation, of restrniction, the nacessary and proper prelerence rating cer-

uhicate or cerilicares wiit be supplied by Buver.

KX. PACKING. Prices incluce Seiles's standard packing for domesnc shipments. Additonal packing expenses for export or speciat packing to mee! Buyer's specificauans will be paid by Buyer upon

dernand

XXt SPECIAL INSPECTION AND TESTING. Unless specifically set farth n thus Contract, orders requiring special mspection and testing are subject to price adjustrment to reflect the increased cost.

AXH). SPECIAL JIGS, PHOTOMASNKS, DIES OR TOOLS. Regarcless of any charges made tor special pgs. photomasks, dies or tools, Such dems remain the proparty of Saller uniess ctherwise

specically agreed. They may be disposed of when_ in Seller's opinion, they have become obsolete.

XXWI. SELLER NOT LIABLE: NO CONSEQUENTIAL DAMAGES. Seiler shall not be hable tor Buyer's costs, prospective profits or goodwill, or for any other special. ndirect or consequential damages of

any kind, nor shall recovery of any lund aganst Seller be greater in amount than the purchass price of the specific Goods sold and causing the alleged damage. Buyer assumes, and Buyer shall hold Seller free

and harmiess trom . all nsk and habihty for expense. |oss. damage of injury to PErsons of property of Buyer or Others ansing out of use or paasession of any Goods sold hereunder.

XXIV. SUCCESSORS AND ASSIGMS. This Contrsct and tha covenants herein contamnad shail be binding uBon and inura to the benefit of the SUCCIIS0S end assgns of mach party, axcept that Buysr may

not ass:gn this Contract in whole of in part without .he pror written consent of Seller. Sallsr may assign this Contract in whole or 1n pat,

XXV. COCOM REGULATIONS. Some Goods May be subject to COCOM regulations. Buyer sgreas as one of the terms of purchase not 10 6xport such Goods without having obtained and executed proper

“wport hienses from the United States Government. Further, if Buyer requires Seller 1o export such Goods from the United States, Buver agroes to Jurish Import Certificates and othe: doCuments &1 May b
nted by the United States Government 10 enable Seliar 1o obtan exporn licenses from the Linited States Government. in the event the United States Government fails to grant an export licanse, Seler shalt
sonmoered biameiess, and Buyer's abkgations hereunder shall remain unchanged .

~XVl. ACCEPYANCE OF GUODS. Buyer shall inspect the Goods knmediately upon their armival and shail withw five (5) days of ther arnval give witten notice to Selier of gay Claim that the Goods do not

conform with the terma of thes Contract. It Buyer shall fal to give such notice. the Goods shall be deemed (o contorm and Buyer shell ba bound (o sccept and pay tor the Goods in accordance with tha terms

of this Contract Buyer expressly waves any nghis it may hava to revoke acceptance after such tive {5) day penod.

XXV, INVALID TERMS. If any one or more of the terms snd conditions of this Contract shouid be declared invalid by & court of law. such term or tarms shall be considersd deleted from this Contract, and

ali other 1erms and conaditions shall remmn in full force and etiect.

- )



3 S [ Analysis of Spashetii Hadron Calor

Support Scheme Loading  |Maximum Stress (psi) Max. Defl.
inch (mm)
dividial Tower Analysis
0.08 |Simple Beam (2 mm Wall Thk) Dead Weight 15500 0.0895 (2.3)
Simple Beam (2/1.5 mm W, Thk.) Dead Weight
Bottom of Ring Module Dead Weight 1600 0
Compression
Top Plate (2.5 cm thick) Distributed 1693 0041 (.105)
0.16 |Simple Beam (5mm Wall Thk.) Dead Weight 15500 0.0895 (2.3)
45 Deg Ring Mod. Ana Outer Ring | Inner Ring
0.08 (Moment of Inertia (Ixx/Iyy) 90/90 10.9/0.244
Area (in*2) - 4.33
Eight Point-Fixed-Outer Ring Dead Weight 8000 15000 0.122 (3.1)
Saddle (180 Deg) Outer Support Dead Weight 12000 24000 0.182 (4.6)
Single Point-Bottom-Outer Ring Dead Weight 90000 100000 0.85 (22)
Eight Point -Fixed-Outer Ring Dead Weight 8200 22600 0.165 (4.2)
10 Mt int"}
0.16 |Moment of Inertia (Do/Iyy) 90/90 10.9/0.244
Area (in*2) - 433
Eight Point-Fixed-Outer Ring Dead Weight 9000 18006 0.102 (2.6)
1040 Mtons 2930
1040 Mtons

Mark Rennich/Oak Ridge National Laboratory/9-18-91
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Arconium Testing — John B. Hinves

For Charles Stark Draper Laboratory

6 June 1991

i#4/91 Test Specimins 3,4,&5 Molded in Test Tubes

6/5/91 Test Specimins Machined

Specimin Length (LOA) Diameter
3 3.962 3.965 0.893 0.895 0.895
4 3.956 3954 0.893 0.892 0.895
5 3.992 3.989 0.888 0.890 0.892
6/6/91 Test Specimins Loaded
Specimin Length (LOA) FSL () CRHRate CHT Rate
3 3.886 3.888 5000 .02 in/min 2 in/min
4 3696 (Failure Started) 5000 .2 in/min 2 in/min
L] 3496 (Catastrophic Failure — 45 Plane Slip) 10000 2 in/min 2 in/min
Analysis
Specimin Length Diameter Area
3 3.964 0.894 0628 8.864
4 3.955 0.893 0.627 8.854
5 3.991 0.890 0.622 8.967
Specimin #4
Modulus
Load Change 1200 to 2000 ib
Displacement .01 in
Stress 1273.5068 psi
Strain 0.00252845 infin
Modulus 503671.941 psi
Criticle Buckling Load For Column (Euler Pcr)
Perit 39740.9802 Ib
Maximum Stress (P/A)
Specimin Load Rate Pmax (Ib) Sult(psi) Time(min) Displ(in) Strain (infin) Strain Rate (1/min)
3 .02 in/min 2300 3661.332 4.225 0.085 0.0214 0.0051
4 .2 in/min 3660 5839.345 0.65 0.13 0.0329 0.0506
5 2 in/min 4980 8004.965 0.075 0.15 0.0376 0.5012



Aurconium Testing — John B. Hinves
For Charles Stark Draper Laboratory
11 June 1991

#7/91 Test Specimins 6 & 7 Molded

6/11/91 Specimins Machined

Specimin Length (LOA) Diameter
6 431 4.304 0.894 0.896 0.894
7 3.853 1851 0.89 0.894 0.896

6/11/91 Specimins Loaded

Specimin Length (LOA) FSL.(lb) CRHRate CHT Rate
6 4.203 4.205 5000 05 in/min 2 in/min
7 3.485 (Catastrophic Failure Started) 5000 .5 in/min 2 in/min
Analysis
Specimin Length Diameter Area
6 4.307 0.895 0.629
7 3.852 0.893 0.627
Modulus
Specimin  Load Chg(lb) Stress (psi) Deflection (in) Strain (in/in} Modulus (psi)
6 2000 3181.395 0.0225 0.0052 608989.71
7 3550 5663.845 0.0250 0.0065 872685.30
Maximum Stress (P/A)

Specimin Load Rate Pmax (Ib) Sult (psi)  Time (min) Displ (in) Strain (in/in} Strain Rate (1/min)
6 .05 in/min 2728 4334.651 2.275 0.1138 0.0264 0.0116
7 .5 in/min 4150 6621.115 0.35 0.1750 0.0454 0.1208



Arconjum Testing ~ John B. Hinves
For Charles Stark Draper Laboratory

11 June 1991

Specimin # Strength (psi) Strain Rate (1/min)

Ultimate Strength (psi)

3

~l o

3661.332 0.0051
4334.651 0.0116
5839.345 0.0506
6621.115 0.1298
8004.965 0.5012

Stength vs. Strain Rate

Arconium Specimins 6/11/91

H | i ] |
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Strain Rate (in/in*min)
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PAI TO:  CHARLES STARK DRAPER LABORATORIES
ATTN: FRANCOI§ AYER

FROM: CHUCX HUR1,BUT, BICRON CORPORATION
DATE: 5 SEPTEMBER 1991

SUBJECTy BUDGETARY PROPNSAL FPOR SCINTILLATING FIBERS FOR THR
"GRM" COLLABORATION,

This eatimate im for budgetary purposes. It represents the work
of seversl people at Bicron including mynelf, rhe two senior
engineers vhich have been assigned to our fiber prograa for the
last three years, cuy Engineering Manager and ouyr accounting
department, We consider this to he 2 serioys estimate with a
high degres of accurscy.

We propose to provide the following gooda and aervicess

6,000,000 moters of 3 mm dia. Type RA-1 scintillating fibers cut
and asesesbled into 3,124 "prefors" sudbsanexzdlies as describad

below.,
Tota)l Price: §7,600,0D0
FOB Newbury, Ohto

The preforos would consist of 38500 individual fibers inserted
into a set of precision drilled metal plates, The hole pattern
wvould ba a 60 x 60 satrix. The set of platas wanld he close
stacked together resembling a single unit without apacea hatween
the layers. The fibers wvould be precieion cut to various lengths
depending on their position in the assenbly, The central fiders
vould be the mazimus leagth, mnd the fihara would be shorter ss
their position is clnser to the edge of the array. The £inal
assenbly would resamble e truncated pyrseid, One end of each
fiber would be modified to a slightly larger diameter too prevent
its fuelling through its hole when the assembly im held a0 the
fiders hang vertically with the larger end of the array &t the
tops The longest fiber in sach prefora would be abeut 220 cn
Each prefoarm vould he packaged in an individual wood crate vith
the precision plate stack still in ite condenced configuration.

Delivery would take sbhout twenty months with the first assenmhliee
being shipped sbout five months sfter receipt of order.

ONDIFENCE

icyon has recent z conpleted an SBIR Phase II development
project in wvhich the asjor tesk vas the developmant of a mess
production aystem for lanu!acturing large quantities of
scintillating and Ul'i!uidl optical fihera for uee in the 880,
Main elements of this investigation included the following:
Total factory lsyout
Lsrge volume monomer purification sad ltorogt
Polyxerisation system design to achieve high throughput and

quality consistency
High speed fiber fabrication



Major prototype process eguipment was coangtsucted and
successfully operated, and some components for the finul
operaticn ware procurred.

Our estinates of the various cost factors in this proposal ere
baned on our experience from the SBIR work which is now being
continued with Bicron internal funding.

¥AJOR_COST, ALE

A. Ray. Matarinin: 1lovancas vere pade for all forseeadle
efficioncy problems ineluding potentiel impact of
international tensions affecting petroleum supplies and
voprediceadle difficulties in sterting up the full velume
syaten required for this program,

B, Ladort A full ipdependent factory operating around the clock
is envisicoed. Personnel considerations included such factors
special maintenance staff, dedicated managenment, trainin!
sxponses, sad impact of efficiencies oa tatsl lsbor required,

C. Factory Qysthesda? All standerd and specisl factory
ovarheads for the antire tioe of dedicated cperstion were
included, All coste were gccumulared ia ¢ sero-based
ealeculation,

0. 53;&5.1 Yagsory Rauipment Costpi A major portion of the

actory construction expensss sre allocated agsinet this
project, Reasons for this include the fact thet the factory
as constructed will be highly specislired with vepry little
opportunity for cost recovery sside from specisl 8CC projecta
like thiw omne, A second reason ia that g lg!ﬂill ast of
squipnent for essemdly of the "preformu™ will De constructed
with the particular costs fully sllocated here.

E, amm.mun.mtmn_n*u t The concept for this
equipaent is alresdy wall develnped ap the Outcome nf a
maobing of four members of the Bicron techaical steff, each

person having over 20 yvears in manufacturing process design
from a variety of backgrounds, Each instrugent would inspect
tha £iber as it is made on the coptinunum P{ber l&nes and
reject it 1f eppsopriate, Cood fiber would De cut o the
sppropriate leangths, inserted in the appraprinte holes, and
altered to have a large "head”. It would bde s computer
controllied syaten, Three aystens would be caonetructed with
one kept ig resarve for breskdovwns.

Aonxtxnuahhsguxlnﬁxngz:a
Continganciea that S8C planners prefer to add on nesd not exceed

ten percest sincs significant contingencies have been factored
into the slbove prices.
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Arconium Load Relaxation Curve
Testing Performed 6/12-6/14/91 by John Hinves, U. Lowell, MA
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Stress Relaxation Observations of Arconium
Under Compressive Loading

Submitted To:
James Gorman
Dr. Craig Douglas

Charles Stark Draper Laboratories Inc.
555 Technology Square
Cambridge, MA 02139

By:
John Hinves
Advanced Composites Laboratory

University of Lowell
Lowell, MA 01854

QRASLR LABIRATORECS
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‘Load vs. Time
Arconium Specimin #6 Tested 6/12 — 6/14
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Arconium Specimin #6 Tested 6/12 — 6/14
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Arconium Testing — Joha B. Hinves
For Charles Stark Draper Laboratory

18 June 1991

Specimin #6 A = .629 sqin

Load & Stress Relaxation

Time (min)
0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
13.00
20.00
40.00
50.00
60.00
70.00
87.00
91.00
100.00
112.00
120.00
126.00
354.00
476.00
1209.00
1389.00
1487.00
2536.00
263000
2671.00
2808.00
295200
2980.95799
310308393
22026.4658
59874.1417
162754791
442413392
1202604.28
326901737
8886110.52
14650719.4
19776402.7
20175912.5

LN Time

-0.6931
0.0000
0.6931
1.0986
1.3863
1.6094
17918
1.9459
20794
2.1972
2.3026
2.5649
2.9957
3.6389
39
4.0943
4.2485
4.4659
4.5109
4.6052
4.7185
4.7875
4.8363
5.8693
6.1654
7.0975
7.2263
73045
7.8383
T7.8747
7.8902
7.9402
7.9902

8

9
10
11
12
13
14
15
16
16.5
16.8
16.82

Tested 6/12 — 6/14

Load (Ib)
2850

1550
1280
1100
980
860
75
700
655
616
584
557
380
33§
266
245
229
216
208
207
200
191
187
180
100
93
75
70
58
4.5
455
49
458
Q
Years
0.015
0.042
0.114
0.310
0.842
2.288
6.220
16.907
27874
37.626
38.386

Ln Load
7.9551
7.3460
7.1546
7.0031
6.8876
6.7569
6.6529
6.5511
6.4846
6.4232
6.3699
6.3226
5.9402
58141
55835
5.5013
5.4337
53753
53375
53377
5.2983
52583
5.2311
5.1930
4.6052
45326
43175
4.2485
4.0604
3.7955
3.amn
3.8918
3.8177
3.7612

Stress {(psi) Regr. Line

453100
246423
203498
174881
155803
136725
1232.11
111288
104134
97933
928.46
885.53
604.13
532.59
422.89
389.51
364.07
343.40
330.68
329.09
31797
303.66
297.30
286.17
158.98
147.85
119.24
111.29
92.21
70.78
72.34
71.90
72.34
68.36

7.5450
7.2464
6.9478
6.7732
6.5492
6.5531
6.4746
6.4082
6.3506
6.2999
6.2545
6.1415
5.9559
56573
5.5612
5.4826
5.4162
5.3226
5.3032
5.2626
5.2138
5.1840
5.1630
4.7180
4.5904
4.1889
4.1291
4.0997
3.869%8
3.8541
3.3474
3.8259
3.8043
3.3001
3.3693
2.9385
2.50m
2.01%
1.6462
1.2154
0.7346
03538
0.1334
0.0092
0.0005

Regression Output:
Coastant
Std Errof Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) -0.43079
Std Ert of Coef. 0.00623

SLOPE = —.43079
TIME CONST. = 2321 min

1.2464
0.0902
0.9936
3
E) |



St Input Name Oupput Unit
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1.67

PBLAM] 1.7798432 -

SNLAM] 1.1566088
CDLAM .72589595
BILAME 3.8701531
F 39
METALI 21.550719
PLASLA .27107823
TOTALA 21.279641
TOWER 200.66701
EMLAM

STRLANMN

SHOTPE

SHOTLA 10.426432

Comment
Spaghetti Calorimeter

Lead Shot Filled (61%)

Percent Eutectic

Unit Larnbda Length
Heigth of Towers

Percent Structure
Percent Lead Shot



3 Rule

*
*
*®

* ¥ ¥ 3

&

*

PBLAMBDA=(194/11.35)*.267*F

SNLAMBDA=(163/7.31)*.133*F

CDLAMBDA=(161/8.65)*.10*F

SILAMBDA=(194.5/9.8)*.50*F

SHOTLAMBDA=(194/11.35)*SHOTPERCENT
METALLAM=(PBLAMBDA+SNLAMBDA+CDLAMBDA+BILAMBDA+SHOTLAMBDA)*6/5
F=(1-SHOTPERCENT)

PLASLAM=METALLAM/79.5

TOTALAM=METALLAM-PLASLAM
TOWERLGH=(11.7-EMLAMBDA-STRLAMBDA)*TOTALAM



ltemizati ¢ Spaghetti Calorimeter Weights: Lead Shot Filled

Segmentation: 0.08

Item Quantity Count Unit Wgh
M Tons Ea Kg

Eutectic 727.12

Lead Shot 1373.22

Outer Rings 83.94

Inner Rings 6.73

Sheaths 188.12 5168 36.4

Fiber 28.47

Total 2407.59

Mark Rennich/Oak Ridge National Laboratory/9-19-91



Section I11

Liquid Scintillator Calorimetry

A. General Arrangement Drawing
B. Mechanical Parameters

C. Costing Summary

D. Costing Details

E. Design Description



Liquid Scintillator Hadron Calorimeter ( Version 0.08-1 )
Barium Fluoride EM Calorimeter
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Preliminary

GEM Parameters

LIOUID SCINTILLATOR HADRON CALORIMETER

VOLUME 214.4 METERS CU. M*3
NUMBER OF CHANNELS 26100 Each
TOTAL WEIGHT Metric 2028.7 Mtons
WEIGHT OF LEAD ABSORBER 1812.6 Mitons
WEIGHT OF STRUCTURAL COMPONENTS 1734 Mtons
WEIGHT OF SENSE LAYER BOXES 427 Mtons
VOLUME OF LIQUID SCINTILLATOR 27000 Liters
PERCENT ABSORBER/SENSE BY VOLUME 89.70%

PRECENT STRUCTURE BY VOLUME 10.30%

NUMBER OF SUBASSEMBLIES 17 Each
NUMBER OF TOWERS 256 Each
NUMBER OF HADRON LAYER ASS. 5600 Each
NUMBER OF TAIL CATCHER LAYER ASS. 4800 Each
TOTAL NUMBER OF LAYERS 10400=(258 X 40.3) Each
NUMBER OF FIBERS/SEGMENTS 607,000 Each
NUMBER OF TRAYS 129,000 Each

TOTAL LENGTH OF FIBERS 1,200,000 Meters
HEAT GENERATED BY ELECTRONICS 3500+ Watts
INNER RADIUS 1,400 mm

OUTER RADIUS (SUPPORT TUBE) 3,600 mm

LENGTH 10,000 mm

MARK RENNICH/ 9/19/91 : OAK RIDGE NATIONAL LABORATORY




Catagory Tot Uts $SK/UNIT Units Total Cost
1.00|Modules
1.10|Lead 1812 $1.00000 Mtons $1,812
1.20{Fiber 1.34E+06 | $0.00035 Meters $470
1.30]|Shrouds 256 $6.61400 Each $1,693
1.40|Trays 129700 $0.00200 each $259
1.50]Liquid System 256 $2.50000 each $640
1.60|Cal. Sources 607000 $0.00015 each $91
1.70|Painting $100
2.00|Sense Material 27000 $0.01800 Liters $486
3.00| Readout
3.10| Electronics 26100 $0.25000 Channels $6,525
3.20|PMT's 3984 $1.00000 each $3,984
4.00|Structure
4.10|Inner Rings 12033 $0.00800 Each $96
4.20|Support Gussets 24356 $0.00500 Each $122
4.30|Tie Bars 48 $0.20000 Each $10
4.40|Support Tube 235200 $0.00400 Each $941
5.00] Assembly
5.10]Ass & Test 1,157 $0.03100 MH/tower $13,000
5.20{Tooling $2,840
5.30{Lead Processing 1923 $0.35000 Mtons $673
6.00| Thermal Cont $980
T
7.00] Testing $2,500
8.00!Installation
8.10|Install. Manp 14356 $0.02700 MH $388
8.20|Inst. Tooling $2,500
9.00|Shipping $500
DIRECT COST $40,609
EDIA 25% $10,152
BASE COST $50,762
CONTINGENCY 5% $12,690
SUBTOTAL $63,452
R&D 11% $6,980
TOTAL $70,432

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/9-20-91




G0991.082
Draft 2
September 20, 1991

Justification for Liquid Scintillator Cost estimate:

The preliminary cost estimate for the Iquid scintillator hadron calorimeter is based on the parameters
shown in the attached Parameters spreadsheet. The assembly is based directly on the 1.3 hadron
calorimeter currently in operation at CERN. The overall design as estimated is shown in Figures
LS.001 thru LS.011

1.00 Modules

The modules include the material to build the mechanical towers. The assembly testing etc. is
costed in section 5.00. The ojective of the liquid scintillator design is to purchase all material in final
or near final form. On-site work will be limited to assembly of the components and modules.

1.10 Lead

The cost of hard lead mass produced, and rolled to custom thicknesses is assumed to be
$0.45/pound

1.20 Fiber (1 mm dia, wave length shifting and clear transmission)

The fiber quantity includes 30% extra for waste. The cost is set at $.35/meter based on recent
fixed price Bicron cost quotes to David Hertzog at the University of Illinois. The quoted order was
for 20,000 meters

1.30 Shrouds

RE: Figure L.S.006, .007 and .010

The shrouds will be fabricated by a commercial vendor. Material will be 304L stainless steel.
The total weight of all the structural material will be approximately 96 metric tonnes or an average of
1,308 1b for each of 256 towers. Assuming a fabricated cost at $8/lb each tower will cost $6,614



each.
The shrouds not only contain the lead absorber but also make-up the bulk of the structure.

1.40 Trays
RE: Figures LS.012 and LS.013

The trays assume the current design for stamped fabrication at $2 each ($4/L.b) and does not
include assembly which appears in Section 5.00.

1.50 Liquid System
RE: Figures LS.03.RD.00018 and .00019

The liquid changeout system assumes 256 individual loops and three storage tanks. Each
tower has two lines.

1.60 Calibration Sources
Small alpha sources will be installed in all the cells. The cost of the sources is $.15 each.
1.70 Painting

The stamped trays will be painted with a reflective coating by 2 commercial vendor. The cost
of this operation will require a survey of vendors.

2.00 Sense Material

The liquid scintillator is based on a Bicron estimate of $18/liter(attached).



3.00 Readout

A true cost for the readout will require a design for the total detector readout/trigger scheme.
This will not be ready for at least 6 months. Consequently, the calorimeter subgroup agreed to use a
fixed number for all types of systems based on an analysis of the costs proposed for L* and SDC after
review by the Theriot panel. The analysis is attached.

3.10 Electonics

The cost of electronics is fixed at the standard $250/channel. This includes the cost of all
circuitry, DAQ, computers etc. from the readout PMT to the end of the data collection system.

3.20 Phototmultiplier Tubes

The PMT's are costed based on existing technology Hamamatsu 2490's with 16 channels
each. The cost of $1000 ea is based on a verbal quote from Dr. Arasaka. Five prototype tubes are to
be delivered in October 1991. The specifications and layout of the PMT are attached.

The number of PMT's is approximately double the actual number required to improve the long
term effectivness of the calorimeter.

4.00 Structure

This item includes all structure not included in the modular towers. The external structure
includes the support tube.

4.10 Inner Rings
RE: Figure No. LS.014
The total weight of the 15 inner rings is approximately 12,033 1bs. The rings will be

fabricated at a commercial vendor from 304L stainless steel plate. Finish machining will be required
on both the inner and outer surfaces. The assumed cost is $8/1b.



4.20 Support Gussets
Re: Figure No. LS.03.FX.00111 Sheets 1/2
Support gussest will be required on both sides of each ring assembly. The gussets will be

purely structural members and will require machining only on the interface surfaces. The gussets will
be fabricated by a commercial vendor from 304L stainless steel plate. The assumed cost is $5/1b.

4.30 Tie Bars
Tie bars (1 cm dia) will be used to restrain each of the three barrel assemblies. The bars will

be stainless steel and will be an average of 3 meters long. The average cost is estimated $200 ea, or
$50/1b including fastening hardware.

4.4 Support Tube

The central support tube will be fabricated by a commercial vendor from rolled 6 cm thick
plate. The tube will include knee braces on either side. The tube will weigh approximately 235,000
pounds and the costing is assumed to be $4/1b.

5.00 Assembly and Test

This catagory includes all the labor to process and assemble the components costed above. At
the end of the assembly process the calorimeter is ready for beam testing and final installation in the
experimental hall.

5.10 Assemble and Test
Re:  Liquid Scintillator Manpower Analysis
The estimate for the manpOWet operations and durations required to complete the assembly of

the calorimeter is attached. The cost of manpower is assumed to be an average of $31/man-hour based
on the current rates estimated by the SSCL for a commercial assembly vendor.



The labor efficiency factor of 1.50 assumes that approximately 33% of manpower will be
consumed in unspecified tasks such as training, correcting problems, tours, breaks, confusion etc.
This is based on the fact that the assembly will be a one-time operation with temporary labor and
limited automation and control.

5.20 Assembly tooling
Re:  Assembly Manufacturing Equipment List

The tooling required to assemble the calorimeter will primarily involve heavy holding fixtures
and stands. The bulk of the operations will involve the installation of smaller components such as the
segmentation trays, fibers and PMT's.

5.30 Lead Processing

Based on previous plate calorimeters it is assumed that the lead plates will have to be re-rolled
prior to sizing and installation. The re-rolling operation will be performed at the lead sizing vendor
site. Both the sizing and flattening operations can be performed on standard industrial machines.

6.00 Thermal Control

A significant amount of electronics will be distributed to the tower readout area of the
calorimeter. The proposed system of forced liquid cooling is similiar to that used in the 1.3 BGO
system. Thus a figure of $980K is used based on that system.

7.00 Testing

The testing catagory covers operations associated with operational beam testing and system
evaluation, exclusive of normal quality assurance and fabrication inspections.

The figure of $2.5M is based on the E/T estimates of $1,687K for the Spacal option and
$2,602K for the Liquid Argon option. A common testing number was used in the comparison of the
various detector options.



8.00 Installation
RE: Figures LS.016 and LS.017

This catagory includes manpower and equipment required to install the completed calorimeter
in the experimental area. The calorimeter has been designed to be installed in completed ring modules.

The modules will be rolled into the support tub¢ on temporary rails (Drawing to be prepared by Cliff
Eberle ).

8.10 Manpower
RE: Installation Manpower List

The assembly operation is expected to require 9 months and 12 persons to complete the crew is
listed in the attached installation manpower list.

8.20 Installation Rails
Re:  Drawing No. to be prepared by ClLff Eberle
The rail system is calculated to weight approximately 600,000 1bs. It will be fabraicated from

structural steel and assembled in place. The assumed cost of the structure including fasteners is
$1.50/1b.

8.30 Installation Trucks
Re:  Catalog information

The trucks used to mover the modular rings on the installation rails will be conventional heavy lift
rollers.



8.40 Module Puller

Special hydralic tractors will be required to move the assemblies along the track. Either a pull system
or a pair of linked hydralic push cylinders will be capable of performing the task.

EDIA
The EDIA for the liquid scintillator system is assumed to be 25% based on the existing experience

with the construction of numerous plate calorimeters and the L3 hadron system in particular. This
numbe was suggested by the Theriot panel for this specific system.

Contingency
The Theriot panel suggested a contingency of 25% for the liguid scintillator system based on the

simplicity of the design. The contingency does not cover non-mechanical considerations such as
physics functionality or radiation tolerance. '

R&D

A figure of 11% was suggested by the Theriot panel. The same number was used throughtout the
GEM calorimeter comparative costing review.
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Trpes of cells 2
1 Types of WLS spiraln 1
) ) o

Frout trassversnl segmentation an=ar= 0.08

Number of detectszr cells por moduler

typs 3 1832
Fi 24 1i goll
aefcesrse sampling
ln/ out olnu’l: 1."6/
P par module L]

Thicknsm 1L7Mm or 0431

Dead walls 742 %

Dead gaps 282 %

Coll typs 1 1085 x 139 mn'*

Cell l‘ e 2 = (I3 x 113} om'

Cell thickness & mm

Abvorber thickmess [ tine sampling ) 223 anm
Absarber thickmess ( coarse sampling ) 475 mm




Version (.08-1

Number of detector cells per module :
type |
Read out channels

—

2442

—
{
=/ 5 X 3
=t 5 X 3
' 4 X 3
\ r 7 % 6
= b8
5 X 6
= =
l 567 mm ‘ TOTAL 150




Liquid Scintillator Hadron Calorimeter
Sampling structure scheme

Clearance
60 mm } 108 mm [ Support tube 60 mm
i | - | 036 A
I T ~— | 20 mm Fe (wall
Lot —e (1] 5 L 02 A
chamber )
— 19 layers
142 mm | | —a— Coarse sampling
40mm/Plo+3mm/LS
R 3600 mm ) $IA S BLA
5
40 layers
c——1 o -+-— Fine sampling
20mm/Pl+3mm/LS
457 A + 020 A
) [ 40mm Fe
* m | 0.24 A
R 1400 nm [ E-M calorimeter
TOTAL 1173 A
( )\pb = 175 mm
Afe = 168 mm
Asq = 1000 mm
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Version 16-1 (192)
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Welding

/ Covar

Bellow
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X
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NN

Welding —/

R2490-03
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AN

Absorber flf
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ot

142 mm

N

Tray
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“iii

SRR
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34 mm

Variation of fiber seal
for LS HC module
(sealed PMI, welded to module body)



Holes are made
16 fibers/group by etching in

fotosensitive glass plate

‘\ Flanec

<

<7
4"‘
720
AL
Fibers

Flber bundles

matched to PMT face
(cut and finished aofter
epoxy has set)

Epoxy fill/seal

Variation of Fiber Seal
for Liquid Scintillator HC module
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j CENTRAL SUPPORT TUBE

HILMAN ROLLER

SUPPORT RAIL

LS.03.FX.00111 INSTALLATION ROLLERS ON END BARREL
SHEET 2 END VIEW OF LIQ. SCINTILLATING RENNICH
HADRON CALORIMETER (SUPERCOND MAG.)



ANALYSIS OF LIQUID SCINTILLATOR FEED AND DISCHARGE
PIPING

REFERENCE: CHEMICAL ENGINEERS HANDBOOK, FIFTH EDITION: PAGE 5-21.
A. PIPING REQUIREMENTS:

Each tower will have individual control.

Control valves will be accessible for maintenance and replacement.

Piping will be copper or stainless tube of a commercially available size.

The minimum number of mechanical connectors will be used to avoid potential leaks.
Accumulators and controls will be located outside the detector.

The lines to the central detector area must be as small as reasonably possible.

The liquid scintillator is assumed to be mineral oil.

The liquid transfer will be accomplished by gravity head without pumping. In order to limit
the pressure head of each tower the fill and drain tubing will have to be routed with designed paths.

Assumptions:

Operating temperature: Ambient
Pressure head: 70 gm/cm**2 ea.

B. PROPOSED CONFIGURATION:

The proposed configuration is shown in Fig's RD.00018 and 19. The internal dip tubes will
be 1/8 in. dia. and the external tubes will be 1/4 in. dia.
C. DETERMINATION OF LINE SIZES
Line sizes are determined by the amount of time required to drain a tower. For this analysis the central
barrel tower is used as a basis for the design., The smaller towers will require smaller tubes; however,
it is assumed that the tube will be small enougy that uniform sizing may be more important.
The line size will be based on the pressure drop (P) as determined from the following equation for
turbulent flow in a smooth pipe:
q=((p**2x gx P x D**5)/(32 x f x L x r)**-2
Where:

f=friction factor based on Re number, It has been determined to be approximately 0.005 in trail
calculations.

Density of Mineral Oil at Ambiant Temp.=0.88 gm/cm**3

L=5000 c¢m for discharge lines including fitting losses at each end of approximately 100 cm
equivalent.



P=70 gm/cm**2, an estimate based on a upper limit imagined for the flat sided towers.

g= .49 cc/sec = 29.3 cc/min

Thus, drain time for a central barrel tower is 170 min.

If a 1/4 in dia. (0.035 wall) tube is used outside the tower then;
q = 4.45 cc/sec = 270 cc/min

Thus, the drain time is approximately 19 min.



o : b
/ 1/8 in Tube Pressure Relief
(Rupture Disk)

i Il ~1/8 in Dip Tube

DETAIL OF LIQUID
SCINTILLATOR FILL/DRAIN
TUBING FOR A SINGLE TOWER

LS.03.RD.00018 RENNICH
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RELARTIVE COUNTS
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version #%

38

Thickness=
sampling
sampling 942 - 19 planes

Number of straight tray types

90 [lambda],
- 26 planes

slope=33.09 sampling_r= 32.54 sampling_n= 27.26 dead area = 4.42%

typs # 1 £9.66|mm] x
: big= 99.3%{mm],

Phi-sizez of "special® trays
Z-sire

mod|Thick(m/lam]| dead/wall | Ncsll |Nsapl/Nsmp2| Sampll| Zsize |Nts| Nxl| Nz

16 | 1.747 8.90 | 4.427 8.90| 2687 | 26/19 | 27.26 | 600.9 | ]

- S TRUCTURE NN

Pl § 1 A-side : R=1478.0(mm], Size= 557 .4[mam]), Spacer= 0.00 Hound #l=
B-side : R=1527.0(mm], Size= 576.9[mm], Spacer= 0,00 Bound #l=
Number of cells type #1 A-side : 0 B-side : 2

Pl # 2 A-side : R=l461.6{mm], Size= 550.9[mm), Spacer= 0.00 Bound §l=
B-side R=1559.5[mm}, Size= 589.8(mm], Spacer= 2.59 Bound §l=
Number of cells type #1 A-side : 0 B-side : 2

pl 4 3 A-side : R=1445.2[mm], Size= 544 . 4[mm], Spacer= 0.00 Bound §l=
B-side : R=1592.0(mm], Size= 602.8[mm], Spacer= 5.18 Bound #1=
Number of cells type #1 A-side : 0 B-side : 2

pl # 4 A-side : R=1477.8|mm)], Size= 557.3[mm], Spacer= 0.00 Bound #l=
B-side : R=1624.6[mm], Sizem 615.7[mm], Spacer= 7.77 Bound #l1=
Number of cells type #1 A-side : 0 B-side : 2

pl # 5 A-side : Raldél.3{mm}, Sige= 550.8[mm], Spacer= 0.00 Bound #l=
B-side : R=1657.1[mmn], Size= 628.7(mm], Spacer=10.36 Bound §l=
Number of cells type #1 A-side : © B-side : 2

Pl 8 6 A-side : R=1444.9(mm], Size= 544.2{wmm}, Spacer=19.12 Bound §1i=
B-side : R=1689.7(mm], Size= 641.6[mm), Spacer=12.94 Bound $l=
Humber of cells type #1 A-side : 1 B-side : 2

Pl & 7 A-side : R=1477.5[mm], Size= 557.2[(mm], Spacer=22.36 Bound §l=
B-side : R=1722.2[mm], Size= 654.5[mm], Spacer=15.53 Bound #i=
Number of cells type #1 A-side : 1 B-side : 2

pPL % 8 A-side : R=ld461.1[(mm), Size= 550.7[mm], Spacer= 2.55 Bound #1=
B-side : R=21754.7[mm], Size= 667.5(mm], Spacer= 0.16 Bound #l1=
Rumbsr of cells type #1 A-side 2 B-side : 13

Pl # 9 A-side : R=1444.7(mam], Size= 544.1[mm]}, Spacer= 5,13 Bound #1=
B-side : R=1787.3{mm], Sizew= 680.4[mm), Spacer= 2.32 Bound §l=
Number of cells type #1 A-side : 2 B-side : 3

Pl #10 A-side : R=1477.2[mm], Sizex= 557.1[mm], Spacer= 7,72 Bound {l=
B-side : R=1819.8[mm], Size= 693.4[mm], Spacers 4.47 Bound #l=
Number of cells type #1 A-side : 2 B-side : 1

pl #11 A-side : R=1460.8(mm], Size= 550.6(mm], Spacer=10.31 Bound #1=
B-side : R=1852.4(mm), Size= 706.3(mm], Spacer= 6.63 Bound ¢l=
Rumber of cells type #1 A-side : 2 B-side : 13

Pl #12 A-side : R=1493.3{mm), Size= 563.5[mm], Spacer=12.90 Bound #l=
B-gide : Rel884.9(mm], Size= 719,.3[mm), Spacer= 8.79 Bound #li=
Number of cells type 41 A-side : 2 B-side : 13

pl #13 A-side : R=1525.%[mm], Size= 576.4[mm], Spacer=15.49 Bound §l=
B-side : R=1917.4[mm], Size= 732.2(mm), Spacer=10.3%5 Bound #l=
Number of cells type #1 A-side : 2 B-side : 1

pl #14 A-side : R=1558.4[mm], Size= 589 4([mm], Spacer= 0.12 Bound #l=
B-side : R=1950.0(mm}, Size= 745.2[am], Spacer=13.10 Bound §1=
Number of cells type #1 A-side : 3 B~side : 3

pl $15 A~-side : R=1591.0({mm], Size= 602.3([mm]), Spacer= 2.28 Bound $1=
B~side : R=1982.5{mm), Sizex= 758.1l{mm], Spacer= 0.27 Bound #1=
Number of cells typs #1 A~-side 3 B-side : 4

pl 816 A-~side : R=1623.5{mm], Size= 615.3|mm], Spacer= 4.44 Bound #1=
B-side : R=2015.1|mm], Size= 771.1(mm], Spacer= 2,12 Bound $l=
Humsber of cells type #1 A-side : 3 B-side : 4

Pl #17 A-side : R=1656.0[(mm], Size= 628.2{ma), Spacers 6.60 Bound #l=
B-side : R=2047.6(mm), Size= 784.0|mm], Spacer= 3.97 Bound #1=
Rumber of cells type 41 A-side : 3 B-side : 4

ol 1B A-side : R=16A8.6Imm]l. Siza= 641.2Imml. Spacer= 8.75 Bound #l=

: 8 x

8%.66{mm}

1.74 (m}

: 1

89.66[mm]
small= 79

.92 (mm]

6| a

0.00[mm)
94 .52anm]

0.00lmm}
89.66[{mm}

0.00[mm]
84.79[man]

0.00[(mm]
84.79(am}

0.00[am])
79.92[mn]

94.52[mn]
79.92[(wm]

94 .52(mam]
79.92(nm}

89.66[am])
79.92{am]

84.79[ma]
79.92(mm]

24.79[mm]
79.92(am]

79.92(am]
79.92[(mm]

79.92(am}
79.92(mm]

79.92[mm]}
79.92[mm]

79.92[mm]
79.92[mm]

= 79.92[(mm]
= 79.92[mm]

79.92[mm]
79.92(mm]

7%9.92[mam)
79.92mm]

79.921nm)

wall area= 8.90%

#2=

2=

§2=
¥2=

§2=
§2=

$2=
#2=

2=
2=

$2=
$2=

§2=
42=

2=
2=

2=
$2=

#2=
$2=

2=
§2=

#2=
$2=

2=
2=

2=
i2=

§2=
2=

§2=
$2=

#2=
#2=

2=

|{5lope| Xmin | Xmax

133.09| 89.66] 89.66|

0.00[mm]
99.39[an]

0.00[mm)
99.39[am]

0.00[mam]
99.39(an]

0.00{mm]}
99.3% (mam]

0.00[mm]
99.39[nnm])

99.39(an]
9%.39(ma)

99.39%{mn]
99.39%[mmi

99.39(am]
99.3%[mm]

99.39(man]
99.39(an]

99.3%(mm]}
99.39%[mm]

99.39(man]
99.3% [ mam]

99.39%(mm]
99.3%[mn]

99.39[mm]
99.39[an)

99.39(mm]
99.39[mm]

99.39([nmnm]
99.39[(mm]

99.3%[mm]
99.39 | mm]

99.3% [ mm]
99.39%|=m])

99.3% (mml

| Zcell]
89.66|

Hcell(phil=
Ncell{phi)=

Ncall{phi}=
Ncell(phi)=

Ncell{phi)=
Ncell{(phi)=

Ncell{phi)=
Ncell(phi}=

Ncell(phi)=
Ncell(phi)=

Ncell(phi)=
Ncell{phi)=

Ncall(phi)=
Ncell{phi)=

Ncell (phi)=
Ncall(phi)=

Ncell(phi)=
Ncell{(phi)=

Ncell{phi)=
Ncell{phi)=

Ncell{phil)=
Nceall{phil=

Ncell(phi)=
Ncell(phi)=

Ncell(phi)=
Ncell{phi)l=

Ncell(phi)=a
Ncell(phi)=

Hcell(phi)=
Ncell(phi)=

Ncell{phi)=
Ncell(phi)=

Ncell(phi)=
Ncall(phi)=

Ncelli(phi)=

N

LN

LS

2
3

3

3

3

4

3
4

3

Bcelliz)=
Ncelliz)=

Ncell(z)=
Ncelliz)=

Rcelliz})=
Rcelliz)=

Hcelliz)=
Ncelliz)=

Ncelliz)=
Ncelliz)=

Ncell(z)=
Ncelliz)=

Ncell(z)=
HNcellizl=

Ncelliz)=
Ncelli{z)=

Ncelliz)=
Ncelliz)=

Ncell{(z)=
Ncell(z)=

Ncelliz])=
Hcelliz)=

Ncell(z)=
Ncell(z)=

Nceall(z}=
Ncell(z)=

Hcelliz)=
Ncellizl=

Ncell(z)m
Ncell(z)=

Ncell(z)=
Ncell(z)=

Ncelli(z)=
Ncelliz)=

Ncell{z)=

-0

~N D



- o

- -

- -

- - - - - - -

-

={Z)TT83N

={Z2)TTe2N
={Z)11eON

=(z)1182N
=({2)TT1®2N

=(Z)T1e2N
=(Z)T1%2N

={2)TT8OH
=(2)TT®OH

={Z)1Te2N
=(Z)})TI#2N

={2)11%2N
=(2) 192N

a{Z}TT8ON
={Z)TT1e>K

=(Z)TTe2N
={2)TT8ON

=(Z)TT192R
=(Z)}T102NH

=(X)TT*2N
={Z)TIT*>H

=(Z)TI®2N
=(Z) TN

=(3)TT1994
={Z)TT192N

={2)ITe0N
={2)11e0N

={Z)TT82H
={Z)TT93N

=(3)}T1®2N
=(Z)11023N

=(Z)1TeON
={2)t1%2N

=(2)TT®oN
=(Z}TT®ON

=(Z)TTe2N
={Z)1T%2R

={3)T10>M
=(2)TT92M

=(Z)TT®2N
=(S}TT®IN

={Z) (192N
={Z)T1®>N

=(tyd) Ty1eoN

=({tyd)ryecn
={Tyd)TresN

=(1qd) 1100H
=(Tyd) T1eoN

={1yd)T1esN
={Tyd) 100N

=(tyd)T(eon
={tyd)1reon

={yyud) tye>n
=(TUd) t100N

=(Tyd) TTe0H
=(tyud) 11eoN

=(1qd) 11e0N
=(1yd) Tyeon

=(yud)TreoN
=(Yyd) Trsoy

={1yd) TteoK
={tyd)rresn

={ryd}11eon
uﬁ_sn_daoun

»({1yd) 1858
=(1Tyd)Ttean

=(tyd}yresn
={ryd)T1eoH

={tyd)Iteon
={tyd)T1eon

=(Tyd} 11eoN
={yyd} 105K

={Tyd) 11eon
={1yd)1Te0K

=(tud) 1180y
={ryd}jtieay

w{Tyd) TIeN
=(1qd)TTe5H

={Tyd)11e0K
=(tyd)1ieoK

w(Tyd)1100K
w{tyd) 100N

=({1yd}11e0N
={tydj 100N

=(1qd)11eoN
=(1yd) 100N

lwm]EE° 66

[um]6E-66
[ww}lgE" 66

[wu]6E°66
[ww]6E"66

[wm]6E° 66
{wem]gE 66

(Mw}6E-66
lum)se 66

[um]gg 66
(wm]gg"66

[wm]6Ee"66
[uw]6e"66

[wm]6E° 66
{wm]gE 66

[ww]6c 66
fum}lge 66

(ww] 666
] 6e 66

[w®)6c"66
[um}6e"66

[ww] g 66
(mu]gg-66

[ww]6e"66
lam}gse 66

[um]gg 66
[wm]leE-66

{um]|gg-66
{um]ge 66

[ww]6E" 66
[mm]ge-66

[we])6e- 66
{wwjge 66

fam)gc- 66
lum]gg 66

[wm]6E°"66
[mm)ge-66

[ex}GE 66
[wxlge 66

[ww]6E 66
(um[ge-66

[um}ge 66
[em]lge 66

=24
wzd

=z4
ﬂN.

=z4
=z

=74
=2}

=2t
=z4

=74
=24

=z
=z4

=z4
=7}

=%
=24

=zi
=z

=24
=Z4

=24
7

=h
=#

=z 4
=z

=24
=4

=3
=zd

=z4
=24

=24
=24

=z4
=4

=4
=74

=&
=74

[ew]) 76 6L

[ww)z6- 6L
(um )26 6L

[wm]z6-6L
[wm]z6- 6L

(ww]z6 6L
[wu)zg- 6L

[wem}z6 6L
luw}zg 6L

{ww)zg" 6L
[ w]z6" 6L

lwmlze- 6L
[wm]z6 6L

lwm]z6' 6L
[ww)z6" 6L

lww)zé-6L
lew}lzg 6L

[wa]z6 6L
([wm)zg- 6L

[we]z6-6L
[wm]zg 6L

[um]zg 6L
ww]z6 6L

[ww]z6" 6L
[ww}z6 6L

lww]ze 6L
[wm]ze 6L

(ww]z6-6L
(wm)z6-6L

lwe)zg 6L
[ww]zg 6L

[ww}z6-6L
[wm}zg-6t

(ox]z6- 6L
(wm)lzé- 6L

[wa)z6" 6L
[mw)z66L

(wm]zE° 6L
([amjz6° 6L

[um)zg" 6L
(ww]ze 6L

[=m}z6 6L
lem]zs"6

=T#

=14
=14

=14
=T#

=13
=14

=T
=1#

=14
=T

=14
=18

=14
=14

=18
=14

=14
=T§

=18
=14

=14
=14

=T)
=74

=14
=14

=18
=14

=74
=18

=T§
=T4#

=14
=14

=14
=14

=14
=14

=14
=18

=14
i

punog

punog
punog

punog
punog

punog
puncg

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
punog

punog
puncga

punoy
punog

punog
punog

Sg°f =aeovds ‘|Ew)g groT=02S "[wM]IQTO6L2=0
6 : epis-4 § : eprs-v 14 edi3 str1ed jo
96 0 =ileowds ‘[Ww]Z-TIZTI=e215 ‘(wWW]G TZIE=H :
#9°T =1eowds ‘lww]p ge0T=0275 ‘[ww]§ 6ILZ=M @
g : epIs-g { : eprs-¥ [§ #di3 syye2 jo
65°9 =3edwds ‘[um]g LgTT=02TS ‘[ww]¥ YopEg=~Y :
gEv g =3eoweds ‘[wm)g TEoE=02TS ‘[ww)g G997=¥ :
§ : epis-g L : epys-¥ 14 edA3 s1Ted Jo
Zp 'y =1eowds ‘lam]yp-g9TI=03T15 ‘[ww]E TQOE=Y :
¥0'9 =i1ededs ‘{um]g9-(poT=e315 ‘[wWw]L " 609Z=Y °
g : eprs-d [ : epis-¥ T# edi3 S1Te2> Jo
¥2°7 =3eoweds ‘[ww]g geTimezTIS ‘[WW]Z TyeZ=Y :
§9'¢ =3eowds ‘'[ww). gg6 =e275 ‘{mM)Lc6rgT=H ¢
g : epis-@ L : eprs-¥Y T4 odi3 siyeds 3o
L0"0 =led>wds ‘[WE]9 GTIT=e2TS ‘[WER]T-TgyZ=¥ !
9Z°1 =aedwdg ‘{wWm]g* 656 =0xIS ‘[WM]9 Gopzad
L t epys-g 9 : eprs-¥ 1§ edi3 sTyed o
69°9 =1ededs ‘[wm]; - T60T=0215 ‘[wm]I TZgZ=¥4 :
oL g =3edweds ‘[uM]g 5¢6 =ozTS ‘[wm]G gZyz=y
L : epys-g 9 : epre-¥ 14 odi3 syyes jo
92y =xeowds ‘[uw]g-;90T=0215 ‘[wm]O°19LZ=¥
S0°9 =Jedwds ‘[WW]p 716 =exTS ‘(wMlp E9¢z=A @
L : epy¥sS—-@ 9 : epIE-Y T4 e¢dA3 s11e> Jo
L8y wmieoeds ‘[wa]E-gror=0215 ‘[wWm]§ 00LZ=H :
6€°€ =3eceds ‘lum]r-ggg =eoszis ‘juwm|E g0Lz=¥ :
9 i epTE-g 9 i epPIS~Y ﬁt .Qhu STYe> 30

65°6 =aeowds ‘[mu]g-pzoT=e21S ‘[ww)g O¥y2=d :

$L°0 =2ecwds ‘[ww]Z-pop =e215 ‘[wM}E-ERZI=d :
9 : epIS-4 G ¢ eprs-¥ T4 #di3 syre> o
€L°9 =isowds ‘[EN]T 966 =ez15 ‘[wm]g oesz=d :
§0'6 =183vds '[mw]g orgy =215 ‘[wm]Z EpiI=d :
9 : epIs-g ¢ ! epts-v T4 edd3 s11ed jo
§0°% =deawdg ‘[um]Z:7L6 mezTS ‘[Ww]LOTGT=E
90°9 =maedwdg ‘[ww]y-97g =0215 ‘{um]I GZIZ=¥ :
g : epTIE-4 ¢ : eprw-¥ 1§ odi3 s{ted Jo
Zy'1 =3edwds ‘[wm]g gy =0275 ’‘[ww]9-09bZ=H :
Lo"g =aeowds “[(mEjg 75 =0215 ‘[wm]O- §90Z=4
g : epIf-8 ¢ : ep1s-¥v 1§ edi3 sTte> jo
86 =isdedg ‘[wa]yp-pl¢ =ozls ‘[W@]500kZ=4 :
90°0 =31ededg ‘|um]9‘g9; =ex}S ‘[ew]D 600Z=d :
G ¢ epYS-g p : epys-¥ I =di3 STTe> jo
£8°9 =3edweds ‘[ww]g-po6 =o318 ‘(wm]y OpEz=4 :
6¥°6 =1e0wds ‘[wm]{ -yt =oxY5 ’‘[ww]E QFET=A :
¢ : eprs—4 F : epys-v 1§ #diy syre> jo
12°6 =aeowds ‘[(mm]9-rgg =e27S ‘[um]lE LOfz=4
¥9-L =318>eds ‘[ww]g-T¢L =ezI5S ‘[WH]E-9TET=H :
G ¢t eprs-d@ ¥ ¢ eprys-¥ T4 edi3 sy1e> joO
09'¢ =aeowds ‘[wum]9-prg =0315 ‘lwm]Pp-gi22=¥ ¢
6L°G =3ededs ‘[ww]g 9T, =e215 ‘{ww]g EggT=y :
G : eprs-@ p : epTs-V 14 odi} STTed Jo
$6°'T =3edwds ‘[um|i- 199 =e275 ‘[(ww]P ZPZZ=¥ :
b6t =30onds ‘[{um]g-gpL =exTS ‘[(WmM]E TSRT=Y ¢
§ : #pis-d » : epTS-V T4 #dL3 s7Te> jo
9g°0 =1e5wds ‘[®u] ‘gyg =o3T5 ' [wm]E’QYZZ=H
60°Z =asowds ‘[ww}g 769 =0315 ‘|ww]L-gTgI=¥ :
¥ : ep1s—-@ ¢ : eprs-y [} edA) sTTes jO
LE TI=300wds ‘[ww]g-G(Q =02T5 ‘[wW]L-LL12=8 :
¥Z 0 =zaeowds ‘[ww]p 089 =e2TS ‘[Ww]Z 99LT=q
P : epTS~H £ : epIs-y¥ T4 odA3 sSTTen 3o
{66 =18dwds ‘[wm]g zzg =215 ‘[wMW}Z S¥Iz=d :
Lo"gr=aeoweds ‘[wN]1°£99 =275 '{WE]9 EGLI=Y !
¥y : epis=-g ¢ : epts-v 14 edL) siTe2 jo
L9°L =180eds ‘[wW]g 608 =315 ‘[Wm]L-ZTTZ=9 :
16°0T=aededs ‘[wm}i-pg9 =ez1s '[ww]I-YZiT=¥ :

ebts-A ¢ H

abTsS-w T& adia

FTTHRA TN

epts~-v
leqmny
epts-g
opIS-¥
1squEny
spts-g
*pTS-Y
JequEny
ep1s-4
prE-¥
aesquny
*prs-%
*prE-¥
asquny
spIs-4
PV
1equnp
spis-g
*prS-Y
JeqRny
spys-g
*pYS-—V
Jequng
spis-g
opTS-V¥
1equny
sprs-4
pIS-V
asquEny
*pYS-4
p18-¥
asquENy
pTS-q
opye-Y¥
Jequny
epys-4
opYI-v¥
1equny
sp1s-1
spFS-¥
1squny
opys-g
*pYS-¥
lequny
*pYs-g
pIE-¥
TeqEny
*pys-g
spIS-Y
Tequnn
*pIE-8
SpPIS-¥
Jequny
sprS-g
*pYE-V
IeqgENy
*pTS-8
spys-v
Jequny
sp1s-g
*pYF-Y
Jequny
sprS-g
-y
Zna

o e

6k

eed

Led

ged

sci

el

ccl

zed

133

och

(14

(14 ]

Lz

9ze

14

£Zh

144 ]

154

ozH

614

td

1d

14

14

Td

1d

1d

1d

14

1d

1@

14

1d

1d

1d

14

1d

1d

1d

1d



B-side : R=3181.5({ma], Size=1235.1{am], Spacer= 2.55 Bound #l= 79.92[(am] #2= 99.39(ma) Ncelli(phil=

Num' - of cells type #1 A-side : B8 B-side : 9

pl #41 A-~: : R=2850.0fmm], Size=1103.2[{am], Spacer= 6.03 Bound #1 9.92[mm] #2= 99.39[(mm] Ncell({phi)=
B-side : Rx=3143.7|mm], Size=x=1220.1[mm], Spacer= 4.54 Bound ¥l= 79.82[mm] #2= 89.66({mm] Ncell(phi)=
Number of cells type #1 A-side : 8 B-side : &

pl #42 A-side : R=2910.1(ma), Size=1127.1[mam], Spacer= 0.05 Bound #l= 79.92{mm] #2= 99.39[mm]} Ncell{phi)=
B-side : R=3154.8(ma], Size=1224.5[mm], Spacer= 6.54 Bound #l= 79.92{am] 42= 84.79[mm] Hcell(phi)=
Humber of cells type #1 A-side : 9 B-side : 9

Pl #43 A-side : R=2570.2{mm], Size=1151.0{mm), Spacer= 2.04 Bound #l= 79.92(mm] $2= 99.39[mm] Ncell(phi}=

9
9

b-side : R=3166.0[mm]), Size=1228.9{mm], Spacer= ¢.30 Bound #1l= O0.00[mm] #2= 0.00[mm] Ncell(phi)=l0

Number of cells type #1 A-side : 9 B-side : 10

pl #44 A-side : R=3030.3(ma], Size=1174.9(ma], Spacer= 4.03 Bound #l= 79.92[(mm] #2= 94.52{mm] Hcell(phi)=
B-side : R=3177.1{ma], Size=1233.3(mm], Spacer= 0.00 Bound #l= 0.00(am] #2= 0.00{mm) Ncell(phi}=
Number of cells type §l1 A-side : 9 B-side : 0

pl #45 A-side : R=1090.4[mwm], Size=1198.3[mm}, Spacer= §$.02 Bound $l= 79.92[mm] #2= 84.79(mm] Ncell(phi}=
B-side : R=3139.3(mm], $ize=1218.3|mm], Spacer= 0.00 Bound #l= 0.00|=mm] #2= 0.00[mm] Ncell(phil=
Number of cells type #1 A-side : 9 B-side : O

version $3500 slope=28.07 sampling_r= 30.90 sampling_n= 27.26 dead area = 3,28% wall area= 9.17%
Thickness= 9%.15 [lambda), 1.72 [m] -
sampling #1 - 26 planes
sampling #2 - 20 planes
Number of straight tray types : 2
type § 11 90.06fmm) x 105.28(;am]
type § 2120.50[mm) x 105.28[=am]
Phi-sizexz of "special® trays : big=112.67[(mm), small= 97.89{mm]
Z-sige : 6 x 105.28[mm])

mod|Thick(a/lam]| dead/wall | Ncell |Nsmpl/Nsmp2| Sampll| Zsize |[Nts| Nxli{ Nz |S5lope| Xmin | Xmax | Zcell]
16 | 1.72/ 9.15 | 3.28/ 9.17| 1877 | 26,20 | 27.26 | 557.4 | 2| S| 6 |28.07| 90.06/120.50]105.28)

ERSRNENER STRUCTURE EENESEERT XTI

Pl # 1 A-side : R=1463.1[mm], Sizte= 551.5[mm], Spacer= 0.00 Bound #l= 0.00[mm] #$2= O0.00{mm] Ncell{phi}=
B-side : R=1512.6(mm), Size= 571.2[mm], Spacer= 0.00 Bound #1=107.74[mm] #2=112.67[mm] Ncell{phi)=
Number of cells type #1 A-side : 0 B-side : 0
RBuaber of cells type $2 A-side : 0 B-side : 1

Pl # 2 A-gside : R=1444.5{mm], Sizes= 544.1[mm], Spacer= 0.00 Bound #l= 0.00{mm] #2= 0.0Q¢(ma] Hcell(phi)=
B-gide : R=1543.5|mam], Size= 583.5[mm], Spacer= 3.07 Bound #§1=102.82{nm} #2=112.67(mm] Ncell{phi)=
Number of cells type #1 A-side : 0 B-side : 0
Number of cells type #2 A-side : 0 B-side : 1

Pl 8 3 A-side : R=1475.4(mm), Size= 556.3[mm], Spacer= 0.00 Bound #l1= 0.00[mm] #2= 0.00[mm] Ncell{phi)=
B-side : R=1574.4[mm), Sige= 595.8{mm], Spacer= 6.15 Bound $1=102.82[mm) #2=112.67[(am] Ncell{phi)=
Number of cells type #1 A-side : 0 B-side : 0
Number of cells type #2 A-side : O B-side : 1

Pl # 4 A-side : R=1456.7{mm], Size= 548.9[mm], Spacer= 0.00 Bound #1= 0.00{mm] 42= 0.00(mm] Ncell(phi)=
B-side : R=1605.3[mm}, Size= 608.1[mm], Spacer= 9.22 Bound #l= 97.89[mm] #2=112.67{mm] Ncelliphil=
Number of cells type #1 A-side : 0 B-side : 0
Number of cells type #2 A-side : 0 B-side : 1

Pl 4 5 A-side : R=1487.6[mm], Size= 561.2[mm], Spacer= 5.44 Bound #1= 0.00[mm)] §2= 0.00[mm] Ncell{phi)=
B-side : R=1636.2{mm], Size= 620.3[mm], Spacer=12.29 Bound §1= 97.89[am) $2=112.67[mam] Ncell{phi)=
Number of cells type #1 A-side : 1 B-side : 0
Numbsr of cells type #2 A-side : 0 B-side : 1

Pl # 6 A-side : R=1469.0[mm}, Size= 553.8[mm], Spacer= 0.58 Bound #1=107.74[am] #2=112.67[mm) Ncell{phil}=
B-side : R=1667.1[mm], Size= 632.6[mm), Spacera 0.37 Bound #l= 97.89{am] #2=112.67[mmn] Ncell(phi}=
Number of cells type $#1 A-side : 0 B-side : 2
Number of cells type $2 A-side : 1 B-side : 0

PlL # 7 A-side : R=1450.3(mm], Size= 546.4(mam], Spacer= 3.66 BHBound $1=102.82[mm] #2=112.67{mm] Ncelliphi)=
B-side : R=1698.0{mm|, Size= 644.9(am], Spacer= 2.83 Bound #l= 97.89[mm] #2=112.67[{mm] Ncelli{phi)=
Number of cells type $1 A-side : 0 B-side : 2
Number of cells type $2 A-side : 1 B-nide : 0

Pl # 8 A-side : R=1481.2(mm], Size= 558.7{mm], Spacer= 6.73 Bound #1=102.82[ma] $2=112.67[mm] Ncell{phi)=
B-side : R=1728.9[mm}, Size= 657.2[mm]l, Spacer= 5.29 Bound #l= 97.89%[mm]) #2=112.67[mm] Ncell(phi)=

Rumbar of cells type #1 A-side : 0 B-zide : 2

- .- a

8
0

-0

Ncell(z)=

Ncell{z})=
Ncell(z)=

Ncell(z)=
Ncell{z)=

Hcelli{z)=
Ncelli{z)=s

Ncelliz)=
Ncell(z)=
Ncell{z)=
Ncell(z)=

Ncell(xz)=
Ncell{z})=

Ncell(z)=
Ncell(z)=

Ncelliz)=
Ncelliz})=

Ncell(z)=
Ncell(z)=

Ncell{z)=
Ncell(z)=

fHcelliz)s=s
Hcell(z)=

Hcell{z)=
Hcelliz)=

Bcell(2)=
Ncelliz)=

[ N

L.

& w

[

w N



. . . we g —— - e - Frwe mam) Wa—isedsuijAm) DLUWLLIPHL)E & NC@LLLIZ)=
Nux of cells type #1 A-side : 0O P-side : 2
Humber of cells type ¥2 A-side : 1 B-side : O

$10 A-side : R=1493.5{mm], Size= 563.6[mm], Spacer=12.83 Bound #l= 97.39[mm] #2=112.67|am] Ncell(phi)= 1 Ncelli{z)=
B-side : R=1790.7({mm], Size= 681.8[{mm], Spacer=10.20 Bound #l= 97.89[mm] #2=112.67[nm] Ncell(phil= 2 Ncell(z)=
Nuaber of cells type #1 A-side : 0 B-side : 2
Humber of cells type #2 A-side : 1 B-side : 0

#11 A-side : R=1524.4(mam], Size= 575.8(mm}, Spacer= 0.84 BPound #1= 97.89{mm] #2=112.67{mn) Ncell(phi)= 2 Hcell{z)=
B-side : R=10821.5|mm}, Sizes 694.1|mm], Spacerx= 0.43 Bound ¥l= 97.89Imm) #2=112.67|mm)] Wcell{phil= 2 Ncaelliz)=
Rumber cof cells type #1 A-side : 2 p-side : 0
NHumber cof cells type #2 A-side : 0 B-side : 2

#12 A-side : R=1555.3{mm], Sigex 583.1(mm], Spacer= 3.29 Bound #l= 97.89[mm] #2=112.67{mm) Ncell(phil}= 2 Ncelliz}=
B-side : R=1852.5[mam], Size= T06.4[mm], Spacer= 2.94 Bound #1= 97.39(am]| $2=2112.67[mm] NHcell(phil}= 2 HNcell{z)=
Humber of cells type #1 A-side : 2 B-side : 0
Number of cells type #2 A-side : O B-side : 2

#13 A-side : R=1586.2{mm), Sice= 600.4[mm], Spacer= 5.75 Bound #1= 97.8%(mm) #2=112.67{mm] Ncell(phil}= 2 Ncelliz)=
B-side : R=1883.4(mm}, Size= T1%.7{mm}, Spacer= 5.40 Bound #1= 97.89(am] #2=112.67[mm] Ncelliphi)= 2 Ncell(z})=
Number of cells type #1 A-side : 2 B-side : 0
Humber of cells type §2 A-side : 0 B-side : 2 )

#14 A-side : R=iél17.1|mam], Size= 612.7[mm], Spacers 8.21 Bound #1= 97.89(mm] #2=112.67{mm] Ncell(phil= 2 Ncell{z}=
B-gide : R=1914.3[{mm}, Size= 731.0[mm), Spacer= 7.86 Bound #l= 97.8%(mam] §2=112.67[mm] Ncell(phil= 2 Ncelliz)=
Number of cells type #1 A-side : 2 B-side : O
Number of cells type $§2 A-side : 0 B-side : 2

#15 A-side : Rxl648.0(mm], Size= 625.0[mm], Spacer=10.57 Bound #1= 97.89|mm] #2=112.67[mm) Ncell(phi)= 2 Ncell{z)=
B-side : R=1945.2[ma], Sixze= 743.3(mm], Spacer=10.32 Bound #i= 97.89{mam] §2=112.67{ma] Ncell(phi}= 2 Ncellisz)=
Number of cells type §1 A-side : 2 B-side : 0
Number of cells type #2 A-side : 0 B-side : 2

#16 A-side : R=1678.9[mm}, Size= 637.3[mm), Spacer= 0.95 Bound #l= 97.89[mm) #2=112.67[mm} Ncell(phi)= 2 Ncell(z)=
B-side : R=x1976.1{mm}, Size= 755.5[mm], Spacer= 0.71 Bound §l= 97.8%[mam} #2=112.67[mm] Ncell{phil= 3 Ncell{z)=
Humber of cells type #1 A-side : 0 B-side : 2
Humber of cells type #2 A-side : 2 B-side : 1

#17 A-side : R=1705.8(mm), Sizex= 64%.6[mm], Spacer= 3.41 Bound #i= 97.89{mm] $22112.67{mm] Ncelli{phil= 2 Ncelllz)=
B~side : R=2007.0[mm), Sise= 767.8[(mm], Spacer= 2.76 Bound #l= 97.89%[(mm) #2=112.67[mm) Ncell({phi)l= 3 HNcellliz)=
Number cof cells type 81 A-side : 0 B-side : 2
Humber of cells type #2 A-side : 2 B-side : 1

#18 A-side : R=1740.7[mm], Size= 661.9[mm], Spacer= 5.87 Bound #1= 97.49[mm] #2=112.67|mm] Ncell{phi)= 2 Ncell(z)=
B-side : R=2037.9(am], Size= 780.1[mm], Spacer= 4.81 Bound #l= 97.89%imm)] #2=112.67[an] Ncell(phi)= 3 Rcelliz}=
Number of cells type #1 A-side : 0 B-side : 2
Number of cells type #2 A-side : 2 B-side : 1

#19 A-side : R=1771.5[mm), Site= 6§74.2(mm], Spacer= 8.32 Bound #l1= 97.3%(mm} #2=112.67[mma} Ncelliphi)= 2 Ncell(z)=
B-side : R=20568.8(mm}, Size= 792.4[mm), Spacer= 6.86 Bound #l= 97 .8%[mm] #2=112.67[mm] Ncelliphil= 3 Ncell(z)=
Number of cells type #l A-side : 0 B-side : 2
Nusber of cells type #2 A-side : 2 B-side : 1

$20 A-side ; R=1802.4(mm|, Sizex 686.5[mm], Spacer=10.78 Bound #1= 97.89(mm] §2=112.67(mm] Ncell(phi)= 2 HNcell(z)=
B-side : R=2099.7[mm), Size= 804.7(mm], Spacerx= 3.90 Bound #1= 97.8%[ma}l #2=112.67[mm} Ncell{phi)= 3 Ncell(z)=
Humber of cells type #1 A-side : 0 B-side : 2
Number of calls type #2 A-side : 2 B-side : 1

$21 A-side : R=1833 .3(mm], Sizes 698.0[mm), Spacer= 1.10 Bound #1l= 97 .8%{mm] #2=112.67{mm] Ncell(phi}= 3 Ncell{z)=
B-side : R=2130.6[mm], Size= 817.0[mm]}, Spacer= 0.80 Bound #l= 97.89(mm] §2=112.67(mm) Hcell({phi)= 3 Ncell(x)=
Number of calls type &1 A-side : 2 B-side : 0
Humber of cells type #2 A-side : 1 B-side : 3

422 A-side : R=1864.2[mm), Size= 7l1.1(mm), Spacer= 3.15 Bound #l= 97.89%[am] #2=112.67(mm] Ncell(phi)= 3 HNcell{z)=
B-side : R=2161.5(mm}, Size= 829.3[mm], Spacer= 2.85 Bound $l= 97.89%[an] #2=112.67{mm] Ncell(phi)= 3 Hcell{z)=
Bumber of cells type #1 A-side : 2 B-side : 0
Number of cells type #2 A-side : 1 B-side : 13

423 A-side : R=1895.1|mm)l, Sice=x 723.3{mm], Spacer= 5.20 Bound $i1= 97.8%9(em] $2=112.67{mm] Ncell{phij= 3 Hcell(z)=
B-side : R=2192.4[mm], Size= 841.6(mm], Spacer= 4.9%0 Bound #l= 97.69[am) $2=112.67[an] Ncell(phi)= 3 Ncell{z)=
Number of cells type #1 A-side : 2 B-side : 0
Number of cells type #2 A-side : 1 B-side : 3

424 A-side ; R=1926.0[mm), Size= 735.6[{mm], Spacer= 7.24 Bound #l= 27 89%{mm] #2=112.67[ma] Hcell{phi)= 3 Rcell(z})=
B-side : R=2223.3|mm], Size= 853.9(mm], Spacer= 6.95 Bound #l= 97 .89(mm] #2=112.67[mm] Ncell(phi)l= 3 Ncell(z)=
Humber of cells type §1 A-side : 2 B-side : 4@

Fumber of cells type #2 A-side : 1 B-side : 3

$25 A-side ; Rm=195%6.9[mm), Sizes 747.9[mm], Spacer=a 9.29 Bound #l= 97.89%9(mm] $2=112.67[mm) Ncell(phi)= 3 Ncell(z)=

B-side : R=2254.1]mm], Size= 866.2{mm], Spacer= %.00 Bound #l= 97.8%(mm] #2=112.67[mm) Ncell{phil= 3 Ncellliz)=
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pl
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826

¥27

$22

129

$30

131

132

033

$34

$#35

36

137

$3s

$39

140

41

Number
Nur' -
A~

B-side
Number
Number
A-gide
B-side
Number
Husber
A-side
B-side
Rumbet
Rumber
A-side
B-side
Number
Husber
A-side
B-side
Rumber
Kumber
A-side
B-side
Rumber
Number
A-side
B-side
Number
Number
A-side
B-side
Number
Humbet
A-side
B-s5ide
Nuaber
Nuaber
A-s5ide
B-side
Number
Number
A-gide
B-sids
Numbar
Number
A-side
B-side
Nuaber
Rumber
A-side
B-side
Number
Number
A-side
B-side
Number
Number
A—-side
B-side
Number
Ruaber
A=-side
B-side
RHumber

U .

of cells
of calls
: R=1987
: R=2285
of cells
of cells
: R=2044
: R=2341
of cells
of cells
: R=2101
: R=2398
of cells
of cells
: R=2158
: R=245%
of cells
of cells
: R=2215
: R=2512
of cells
of cells
i R=2271
: R=2569
of cells
of cells
: Ra=2328

of cells
of cells
: R=2385
: Re2682
of cells
of cells
1 R=2442
1 R=27139
of cells
of cells
: R=2499
: R=2796
of cells
of cells
: R=2555
: R=2853
of cells
of cells
: R=2612
: R=2909
of cells
of cells
: R=2669
: R=2966
of cells
of cells
: R=2726
: R=3023
of cells
of cells
: R=2782
: R=3080

type #1 A—side
type #2 A-side
.B(mm],
.0(mm]},
type #1 A-side
type #2 A-side
.6[mm),
A (mm],
type #1 A-side
type #2 A-side
.4(mm],
E(mm},
type #1 A-side
type #2 A-side
.2[(mm],
.4[man],
type #1 A-side
type #2 A-side
.O0[(mmj,
J2[mm],
type #1 A-side
type #2 A-side
.8(mm},
NIET
typs #1 A-side
type #2 A-zide
.6[mm].,

type #1 A-szide
type #2 A-side
Almm],
.6[mm}l,
type #1 A-side
type #2 A-side
.2[mm},
.4(mm]),
type #1 A-side
type #2 A-side
.O(mm]},

type #1 A-zide
type #2 A-side
.7(mm],
.O0[mn],
type #1 A-side
type #2 A-side
+»S5[mam],
8[mm]),
type 81 A-side
type #2 A-side

Ji(mm], Size=1031.3(mm},
Sizem1149.6(mm},

.6(mm),
type #1 A-side
type #2 A-side
.1[mm],
.3[mm],
type #1 A-side
type #2 A-side
.3 {mm],
.}(mm},

Size= 760.2[mm},
Size= 378.5[mm],

.

.

Size= 782.8([am],
Size= 901 .1[mm],

Size= 805.4(mm},
Sigze= 923.6(mm],

.

.
H

Size= 820 .0{mmi,
Size= 946 .2([mam]),

*
s

Sizes 850 .6(mm],
Sizeu 965 .8(mm],

Size= 873.2{mm],
Size= 991 4([mm],

.
:

Size= 895.35[mm],
: R=2625.8[nm], Size=1014.0[mm],

Size= 918.4(mm],
Size=1036.6({mn],

Size= 941 . 0[mm],
Size=1059.2[an],

N
.

Size= 963.6[mm],
.2(mm), Size=1081.8[mm],

.

Size= 986.2[(mm},
Size=l104.4{mn],

Size=1008.7[mm],
Size=1127.0[mm],

-
H

-

Size=1053.9{mm],
Size=1172.2{mm],

Size=1076.5{mm]),
Size=1194 8{mm),

of cells type #1 A-side :

of cells
: R=2839
: B=3113¢
of cells

type 82 A-side
+T(mm],
.9[nm},
type #1 A-side

Lz oA

H

Size=10%9.1{mm},
Size=1217,.4([mm],

2 B-side : 0
1 B-side : 3
Spacer=
Spacer=
O B-side : 2
3 B-side : 2
Spacer=
Spacer=
3 B-gide : 5
1 B-side : O
Spacer=
Spacer=
3 B-side : 5
1 B~side : 0
Spacer=
Spacer=
3 B-side : 5
1 B-side : 0
Spacer=
Spacer=
3 B-side : 5
1 B-side : O
Spacecrs
Spacer=
4 B-side : 6
1 B-side : O
Spacers=
Spacer=
4 B-side : &
1 B-side : ©
Spacer=
Spacers=
4 B-sids : 6
1 B-side : @
Spacer=
Spacers
4 B-side : &
1 B-side : 0
Spacer=
Spacer=
5 B-side : 7
1 B-side : 0
Spacers=
Spacecr=
5 B-gide : 7
1 B-side : 0
Spacera
Spacer=
5 B~side : 7
1 B-~side : O
Spacer=
Spacers
S B-side : 7
1 B-gide : 0
Spacer=
Spacesrs
2 B-side : 8
4 B-side : 0
Spacer=
Spacer=
2 p-side : &
4 B-side : O
Spacer=
Spacar=
2 B-side ;: 8

-z a. . n

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

:
#=

#l=
#l=

#1=
1=

1=
=

#l=
#1=

#l=
#l=

tl=
1=

$#l=
#1=

=
il=

tl=
1=

#l=
#1=

1=
k=

#1=
#l=

tl=
$l=

$1=
1=

1=
tl=

7.89[mm]
97.89[mm}

37.89[mm])
37.89(mam]

97.89%9(mm)
97.89%{nm}

97.89anl
97.539mm)

37.89[mm]
37.89(mm]

97.89{mnm]
97.89|anl]

97.89(mm]
37.89[nnm]

97.891{anm]
97. 89 {nun}

97.89 | nm]
97.89mm]

37.89(mm]
37.89(mm]

97.89%(nam]
97.89%[mm]

97.8%am]
97.89mm]

97.89%[ma}
97.89[nn}

97.89(mm])
97.89[mm]

97.89[(mn)
97.89(man])

97.89[mm}
97.89[mm]

$2=112.67|nn]
42=112.67{ma]

¥2=112.67{mm])
$2=112.67[mm])

#2=112.67[nm)
#2=112.67nn]

$2=112.67(mm]
$2=112.67mm}

$2=112.67[nmn]
$2=112.67[nan]

#2=112.67(mm}
$2=112.67(mm}

$2=112.67[nna)
#2=112.67[mnm]

$2=112.67[mm]
$2=112.67mm}

$2=112.67{mm]
#2=112.67[mm]

$2=112.67imn]
§2=112.67[ma|

¥2=112.67[mm}
$e=112. 67 mm}

$2=112.67(mm)
$2=112.67am)

$2=112.67[an]
$2=112.67(nn]

#2=112.67{nn]
$2=112.671mm]

$22112.67(mm)
$2=112.67mm]

#2=112.67{mm]
$22112.67({mm)

Ncell(phi)=
Ncell(phil=

Rcell{phi)=
Ncell{phi})=

Ncell{phi)}=
Hcall(phi)=

Ncell(phi)=
Ncell{phi)=

Ncell{phi)=
Ncell{phi)=

Ncell(phi)=
Ncell({phi)=

Ncell({phi}=
Ncell{phi)=

Ncell(phi)=
Ncell(phi)=

Ncell{phi}=
Ncell{phi)=

Ncell{phi)=
Hcell{phi)=

Ncell(phi)=
Ncell(phi)=

Ncell({phi)=
Ncell(phi)=

Rcell (phi)=
Ncell(phi}=

Ncell{phi)=
Ncell(phi)=

Ncell{phi}=
Hcell{phi)=

Ncell{phi)=
Ncelli{phil=

3
4

L]

e

Rcelliz)=
Ncelliz)=

Ncall(z)=
Ncelliz)=

Ncelliz)=
Rcelliz})=

Hcell{z)=
Ncell(z)=

Ncell(z)=
Ncell(z)=

Hcell(z)=
RHcell{z)=

Ncell{z)=
Ncelliz)=

Ncelliz)=
Ncelliz)=

Ncell(z)=
Ncell{z)=

Ncelliz)=s
Ncealliz)=

Rcelliz)=
Hcelliz)=

NHcelliz)=
Ncell(z)=

Ncslli(z}=
Ncell(z}=

Ncellizl=
Ncell(z}=

Rcelliz}=
Ncell{z)=

Ncell{z)=
Ncelliz)=
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| pi #43
pl 144
pl 845

pl #46

Hui

Number
A-side
B-side
Number
Number
A-side
B-side
Number
Humber
A-side
B-side
Number
Number
A-side
B-side
Number
Number

of cells
of cells
: R=295)
: R=3151
of cells
of cells
¢ R=3010
: R=3153
of cells
of cells
: R=3066
s R=1166
of cells
of celle
t Rm3123
: R=13173
of cealls
of cells

P m iy ) MAGT=L A&V & | W],

type #1 A-side
type #2 A-side

.3[{mm], Size=1144.3[mm],
Ad{mam], Size=1223.1[mm],

type #1 A-side
type #2 A-side

.1lmm}, Sizemll66.%9{mm},
7(mm], Sizre=1226.0[mm],

type #1 A-side
type #2 A-side

.9{mm), Size=114853.5[mm],
.Olmm), Size=1228.9(mm],

type #1 A-side
type #2 A-side

.7imm}, Sizem1212.1([=mm]),
.2(mm], Size=1231.8{am},

types #1 A-side
type #2 A-sida

H

»
4

2 B-side
4 B-side

3 B-side
4 B-side

3 B-side
4 B-side

3 B-side
4 B-side

3 B-side
4 B-side

B
H

*

PR =

Spacers
Spacer=

S
3

Spacers
Spacers=

1
6

Spacers=
Spacers

?
0

sSpacer=
Spacer=

7
0

(-1 R R ]

Bound
Bound

Bound
Bound

Bound
Bound

Bound
Bound

L B

il=
=

fl=
$l=

1=
1=

$1=
1=

Tr.OF | MM}

327.89nm])
97.89mm]

97.89%[nn]
0.00[mam}

97.89(mm]
0.00[mm]

97.89[mm)
0.00{mm]

FLmius. (a[RR]

$#2=112.67(nm)
$2=102.82[mmj

#2=112.67[nm]
$2= 0.00[am]

$#2a107.74[wm]
2= 0.00[mm])

i2-102.52(la1

#2= 06.00[mm)

Ncelliphl)=

Ncell(phi)=
Ncell(phi)=

Ncell{phi)=
Ncell{phi)=

Ncell(phi)=
Ncell{phi)=

Ncell(phi}=
Ncell(phi)=

Ncell{z)=

Ncaslliz)=
Ncelliz)=

Ncelliz)=
Ncelliz)=

Ncelliz)=
Ncell(z)=

Ncell{z}=
Ncall{z)=

S w

=N

o



Spaghetti Hadron Calorimeter Equipment Requirements

Liqui intillator Hadron lorimeter

M tacturi Equi |

Equipment Quantity Unit Cost | Total Cost
1.00|Assembly Equipment
1.10{Tower Assembly Stands 3 100 300
1.20{Ring Assembly Stands 2 150 300
1.30|Detector Preassembly Stand 3 75 225
1.40|Liquid Fill/Storage System 1 250 250
1.50|Fiber Joining Machine 4 100 400
2.00|Testing Equipment
2.10{Portable Test Apparatus 2 100 200
2.20|Temporary Wiring Harness 2 25 50
3.00{Handling Equipment
3.10|Tower Lifting Fixture 2 10 20
3.20{2 T Monorail 5 10 50
3.30|Handling Carts (10 to 100 T) 5 15 78
3.40|Ring Lifting Fixture 2 100 200
3.50{Plate Lifting Fixture 5 7 35
4.00|Inspection Equipment
4.10|Leak Testing Machine 1 35 35
5.00|Micellaneous
5.10|Clothing 50
5.20|Cleaning Supplies 50
5.30|Tools 100
5.40|Temporary Use ltems 200
6.00|Enviromental Control 1 300 300

Total 2840

Mark Rennich/Oak Ridge National Laboratory/ 9-11-91




Manulacturing of Hadron

Jid Scintillator Towars

Mark Rennich/ Oak Ridge National Laboralory/9-15-91

Task Number Task Descript. Hours Personioad | Unit Tot PHAS Quantity Tol. PHRS | Rme (SPHA) MAS (K$)
1.00 Manufacture Hadron Towers 256
110 __Locats Tower Frame 0.5 1 9.5 1 [ 1] )] 0.02
1.1 inspect and Clesn Frame 0.5 1 [ X ] 1 0.5 k1) _0.02
1.20 Locate and Lift Lead Plates 0.25 1 0.25 58 14.8 I 045
121 inspect and Clean Lead Pistes 0.15 2 0.3 58 174 3 0.54
1.22 instaN Lead Pintes 0.25 2 0.5 88 29 at 0.90
1.3 Locste Tays 0.1 2 0.2 520 104 31 32
1.31 Inspect and Clsan Trays 0.08 2 0.1 520 52 3 1.81
132 instell Traye 0.05 2 0.1 520 52 k11 1.61
1.40 Group Fibers 1 1 1 " 99 N .07
1.4 Terminate Fiber Bundies 0.25 1 0.28 ” __ 2478 3 0.7
1.50 insisl Flber Guards 1 1 1 2 2 at 0.08
180 Instalt Side Plates 4 _ 2 [ 2 18 P 1] 0.50
1.70 Leak Check Tower 1 2 2 1 2 1 0.08
1.8 install PMT Asssmibiies 0.5 1 0.5 12 [ 3 0.19
1.90 Move Asssmbly to Test Stand 1 2 2 1 2 3t 0.08
_Manpower Required/Tower 17.2 LriF
Tola! Manpower Required 10 Asssmble ali Towers 1079424 $4,857
200 Assemble Trays 129700 :
210 Locate Components 0.01 1 0.01 1 0.01 3 .00
| 220 inspect Components 0.05 1 0.05 1 0.05 3 0.00
230 Locate Fiber Colls 0.01 1 0.01 [] 0.06 31 0.00
240 Join Flbars 0.01 1 0.01 4 0.04 N 0.00
250 Asasmbie Tray _01 1 0.1 1 [X] 3 0.00
_280 Store Tray 0.01 1 __ao 1 ___ao 3N 0.00
0.27
Tolal Cost of Tray Assembly 35019 $1.578
100  [Manuiacture Colis 807000
3.10 Cut Fiber Ta Langth 0.02 1 0.02 100 2_ n 0.08
120 Instalk Fiber in Form 0.02 ] __002 100 2 F1] 0.08
1% Piace Form in Heat Source 0.03 1 0.08 1 0.05 31 0.00
340 Remove Fiber From Heal Source 0.05 1 0.08 1 0.05 1 0.00
380 insiall Flbers in Storage Bine TN 1 0.5 1 03 31 0.02
46
Total Manpower Required to Manuf Colts mn $1.2%



Manufaciuring of Hadron J4d Scintillator Towers

4,00 Asssmble Tower Rings @Texas 17
4.1% Adjust Ring Assembly Stand 1 2 2 1 2 N 0.08
4.20 Inspect Ring Assembly Stand 05 2 1 1 1 3 0.03
4.30 Locate and Transport Hadron Towst 05 3 1.5 18 24 3 0.74
4.40 Attach Tower 2 3 [] 18 96 n 2949
4.50 Inspect Ring Subssssmbily 4 2 B 1 [ 31 0.25
4.80 Label and Store Subasssmbly 1 3 3 1 3 F1 0.08
{Manpower Required Per Tower} 2.8 134
Total Manpower Required 2278 $103
5.00 Test Subassemblies @ Texas
5.10 Move Ring to Test Statlon 2 3 [ ] 1 L] at 0.19
5.20 install Test Harnesses 16 2 32 1 32 n 0.99
5.30 Fil Towers 18 2 32 1 32 N 0.99
5.40 Siart-up Test Apparsiue ] 2 18 1 i 3t 0.50
8.50 Perform Operational Tests 40 2 80 1 80 n 2.48
5.0 Remova Test Harnessee 18 2 32 1 a2 a 0.99
5.70 ____ Draln Towers 8 2 18 1 18 3t 0.50
830 Retumn Ring to Storage 1 3 3 1 3 i 0.09
Total par Ring 17 7
Total For all Rings 3689 $150
8.00 Assembly Fit-up @ Texas
8.10 Move Subassembiies to Fit-up Stand 80 s 400 17 8800 ) ] 210.80
6.20 instal Wiring Harnesses 0 § 400 17 6600 n 210.80
8.30 FiN Towers 20 -] 100 17 1700 A 52.70
840 Install Wiring Harnesses 10 5 50 17 850 3t 2635
8.50 Operational Test 80 -] 400 17 8800 n 210.80
22950 $T11
Accumulated Manpower Cost 199800.4 $8,670
Personnel Efficlency 1.50
Estimated Manpower cost 200700.8 $13,008

Mark Rennich/ Oak Ridge National Laboratory/9-15-91




lori

Personnel No. Duration |[Service Time| Total Hours | Hourly Rate Cost
Months MH/Month

Millwrights 2 4 148 1184 22.35 $26.,462
Electrician 4 9 148 5328 29.86 $159.094
Crane Operator 1 9 148 1332 26.64 $35,484
iron Worker 4 5 148 2960 22.35 $66.,156
Pi Fitter 4 6 148 3552 21.50 $76,368
Total 15 14356 122.70 $363.565

Mark Rennich/Oak Ridge National Laboratory/9/9/91




NOTE: THE SUPPORT TUBE IS CRADLED IN

SUPPORT STAND TO PERMIT REMOVAL

FOR CRANE TRANSPORT

d 33m

CENTRAL

SUPPORT
TUBE
END CAP ROTATES
360 DEG.
FIXED SUPPORT [

mEENEEREE

L

SIDE VIEW

y_ 4

END VIEW

Hadron Calorimeter
End Cap Assembly/Storage Stand

LS.03.FX.00101

RENNICH



NOTE: ASSEMBLY TABLE TIPS
INORDER TO MINIMIZE STRESS ON
CALORIMETER MODULE DUE TO

OFF-ANGLE LOADING P
/
,/
MODULE IN UP-RIGHTED
MODULE IN ASSEMBLY ,’ =" POSITION- CRANE
ORIENTATION / ACCESSABLE

e

AN

\

FIXED ASSEMBLY
STAND

e v e —— —
— -

e ]

§

Hadron Calorimeter
Barrel Module Assembly Table

LS.03.FX.00102 RENNICH
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SIDE VIEW

Central Barrel Assembly/Storage

Hadron Calorimeter
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j— 4.6 m ] s ————————6.9m L
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PLAN VIEW END VIEW

HADRON CALORIMETER
END BARREL ASSEMBLY STAND

LS.03.FX.00104 RENNICH
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BARREL MODULE LIFTING FIXTURE

- HADRON CALORIMETER

LS.03.FX.00105



TEMPORARY
INSTALLATION

RAILS | CENTRAL HADRON BARREL
: SUPPORT
e TUBE

HILMAN
[ ROLLER
EIGHT REQD

SIDE VIEW END VIEW

Hadron Calorimeter
Central Barrel Install, Transporter

RENNICH
LS.03.FX.00106



END HADRON BARREL
CENTRAL

TRANSPORTER SUPPORT TUBE
RAILS
¥ |
\\ MULTI-TON
ROLLERS
[— —J— - — ]
67Tm
PLAN VIEW END VIEW

Hadron Calorimeter
End Barrel Installation
Transporter

RENNICH
LS.03.FX..00107



CENTRAL HADRON
BARREL

CENTRAL SUPPORT TUBE

’—HADRON END CAP
INSTALLATION CART

/—-INSTALLATION RAILS
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END ELEVATION VIEW

PLAN VIEW

HADRON CALORIMETER
END CAP INSTALLATION TRANSPORTER

LS.03.FX.00108 RENNICH



CENTRAL HADRON
BARREL

CENTRAL SUPPORT TUBE

CENTRAL BAF2 BARREL '
INSTALLATION CART

INSTALLATION RAILS
gy P S j/
|
| | )
I - by
I

___"_ e L, L [ 1
END ELEVATION VIEW
PLAN VIEW
EM CALORIMETER

BARREL INSTALLATION TRANSPORTER

LS.03.FX.00109 RENNICH



CENTRAL
SUPPORT
TUBE

TRANSPORT

END ELEVATION
PLAN VIEW VIEW
EM-CALORIMETER

END CAP INSTALL. TRANSPORTER

LS.03.FX00li1e RENNICH



200 TON GANTRY CRANE

BARREL
\ STORAGE STAND
L BARREL MODULE A TEMPORARLY L
| IN TRANSIT TO b ASSEMBLED
STORAGE STAND L ON STORAGE STAND
— n i
: iH
L O | | 14411
| u
———d —|
i oz — -
A
AND TIPPER /V‘/"‘{‘ \
| |, 1= 1L
|

Hadron Calorimeter
Assembly Building Layout

Elevation View

LS.03.FX.00113 Rennich



Central Barrel Assembly Stand

—

JHH

End Barrel
Assembly Stands

Barrel Module
Assembly Stands
Three Required

End Cap

Assembly Stands
Two Required

i
il

Laydown Area

Tower And Layer Assembly

LS.03.FX.00114

Hadron Calorimeter

Assembly Building, Plan View

Rennich




ERS ROLLERS .

(Formerly Express Rollers) a

e

A new giass botthe machine is instaiied in line on

Hiiman Roliers.

ERS rollers are the lowest profile high Old Number
capacity rollers in the world! Designed on the Model um % .."'"En nm n".vm m c:'*hel
endless chain concept, the ERS Rollers’ style AT5ERS 2 ars 18 2% 70 4, 117 By, 219 w73 5
is basicallylfor strgight Iing motion; yet sach SWERS ™ " o m 70 =v 180 ., Y s
can lbe outfmed' with a swivel attachment for pprpirers 3 o p o YR . 2 2 08 .
turning and positioning. They are the sconomy

leaders in the Hilman Roller line. Seven 12SWERS W 28 %0 ¥ 08 0 M3 M M R M5 il
different sizes move from 15 to 400 tons per ZERS ¢ B W0 4w &h 178 w, W T8 B4 i
set of four with heights ranging from under 3 S0-ERS 5 % &, 8 T W [ S 1% M8 ’
inches (76.2 mm) to under 6 inches (1524 mm). 100X-ERS 5X 100 400 8

¥, 14 8 2N 2 584 108 748

ERS SWIVEL l .’ ’ w

ATTACHMENTS

ERS w/T-50LD
Swivel Attachment

Each ERS Roller can be putfitted with a Combined With

respective Swivel Attachment for pivotability Old Madel Fits Height* Width* Langth® Wﬂﬂ

¢ ‘ght fiexibility. Attachments are chrome "T Rode "'L o Roo "" ...

s.  .all bearing, available with swiveklocking  Tsmbo® e or - I B ) }}.5 = oBRn
i apr ici T-10LD or P TaL 10-ERS e 120 12 8

device (add suffix L") for greater efficiency. Ly A A 12onERs o 1 - o4

Three sizes steering handles fit all nga: ;ﬁ ﬁg T 1;‘; g 2;5 457 ﬁ 18.1

attachments, Coefficient of turning friction is ;nmo&p THXI 100x-ERS : 3 8 % z,ﬁ.’ :} a8 ﬁ:

about 2% of load with smali handle. The D top ~For P type swivel. add %" (19} in neight, 1% 08 in waight

is diamond steel; the P top is the Preload Pad mﬂ HANDLES

type. H48 E
HO&OE

Attachments
Attachments

48" Langth - 1219 mm Fits
80" Length - 1524 mm Fits

SUPER HEAVY
DUTY ROLLERS

3" Length - 914 min Flta :ﬁ to T125WD
at

500 300-XT
-XT - E@ T Holgit — Frame Width® Welght  Goniact
Nodet Model omn . i, Mm m.u'ﬁ Lbe. Rolle
T3 SR s S T 20 ;
Hugh structures skate almost effortlessly on -}mXO‘r sXOT }5‘8 :: :ﬁ |f % : ﬁ ;z ‘ﬁ"? ;
Super Rollers. With load capacities of 100 to E;&_L - }:sg g:: :r ‘3 aag 3 _ﬁm % 1;:%3 i
500 tons per unit, virtually any gigantic lcad 1% - 150 8% 17 @, 251 21 5xm 25 }29.3 14
: 1 — 180 8% 17 18 ' 408 1 & 308 1530 14
bes  es transportable. Typical applications ToToc = o et a3 i
i “eactors, bridge sections, barges, ship - g 3:: :; “‘I g g g‘g ;;g :m ::
e e T Eomw DY @ Hom R B o @mne U
naer I m| ] - -
, p -
hardened-steel roliers aimost always require a = e s e
stes| moving surface. Their durability combined %xm — g ;1_2___35- 2 _% M s TS¥IS 8
; XT ™ 3 254 ] 7 R 1 ]
with a 5% coefficient of friction make them o XOT x ] YN I 1k e ®
super-savers. TAND & T hoie partams Must be speciiied. —
* Small charge for dnil and tap work
* Swivel tope arw svailable On special order.
* Width pertaing 1o top Digte only, rolier body S8me 88 XT model



EM CALROIMETER END CAP

MAGNET YOKE \
HADRON END BARREL ﬁ ALUMINIUM COIL ' |
HADRON END CAP CENTRAL SUPPORT TUBE
N ,
g SOUTH 11 R D | | D U T B || NORTH
1

INSTALLATION RAILS

CALORIMETER INSTALLATION:
STAGE NORTH HADRON END BARREL, HADRON END CAP
AND EM END CAP ON SOUTH SIDE OF DETECTOR

15.03.LD.0b103

RENNICH



HADRON END CAP

MAGNET YOKE

[
HADRON END BARREL ALUMINIUM COIL

/ CENTRAL HADRON BARREL

AT [T] ] PN

L/

_ o _ L || NORTH

CALORIMETER INSTALLATION:
STAGE HADRON END BARREL, HADRON END CAP
AND EM END CAFP ON NORTH SIDE OF DETECTOR

LS.03.LD.00104 RENNICH
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HILMAN 300-XT
SUPPORT RAIL

rcn, SR SRR

EXTENTIONS

FIXTURE TUBE

} INSTALLATION FIXTURE FOR CENTRAL BARREL
Ls.arxooirz  1TOP VIEW OF LIQ. SCINTILLATING
SHEET 1 HADRON CALORIMETER (SUPERCON MAG.)

RENNICH



| CENTRAL SUPPORT TUBE

HILMAN ROLLER

SUPPORT RAIL

INSTALLATION FIXTURE FOR CENTRAL BARREL
HND VIEW OF LIQ. SCINTILLATING
ADRON CALORIMETER (SUPERCOND MAG.)

LS.03.FX.00112
SHEET 2 RENNICH



"EXTERNAL SERVICES"

CENTRAL HADRON AND EM CALORIMETERS

o 4: SERVICE BUNDLES

(PRIMARILY CABLE)
320 KG/IMETER EA.
1100 CM**2 EA.

2:25T0 40,000 LITER VESSELS
(LIQUID SCINTILLATOR FILL/DRAIN)

(ORNL )




Note: System Has Individual

MCHW Chiller Heat Exchangers Inside The Hadron

Calorimeter, Located at Electronics

MountingPositions

Temp. Control Valve

| IHeat On Each Panel HX
lE)fclllanlerl | Surface Facilities
_____________ 'I""]; AT T T T Discharee | ———
ge —
————————————— - —T - =Acculmulator
Primary Return Header:
' EEND EIED 3 End Caps
Central Barrel BARREL BARREL [
—H H EM.cal
E == E:lictroacs
' Detail Of Panel
Line Size=1/2 In Heat Exchanger
(>1050 Required) Connections
Supply
Accumulator U\ Line Size=8In
Schematic Of Hadron Calorimeter
Thermal Control Piping System :
G.03.GN.00013 Rennich

Assuming Liquid Coolant



Atmospheric Weir Box
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DA
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3
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Atmospheric Vent

—

\

|

Storage Tank -/

Fill/Drain

Overflow Stg.

Drip collection line

Schematic Of Fill/Drain System For

RENNICH
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d Scintillat

Hadron Calorimeter
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Central Module Of L
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