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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 is 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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Suromaiy 

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 Lo!. 

Scintillating Fiber: 

0.08 Segmentation: 
0.10 Segmentation: 
0.08 Seg W/Pb Shot: 

Scintillating Liquid: 

$ 99,919 K 
$ 97,786 K 
$ 90,146 K 

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: 
Scintillating Liquid: 

Comments: 

8000 mm (7780 mm if Pb shot filled) 
7200mm 

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 laboratmy to insure that 
the costing is performed within accepted guidelines. 
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COMMENTS ON THIE PRELIMINARY CALORIMETER ESTIIMATES 

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 Loi. 

Considerable effon has gone into preparing these estimates considering the thousands of hours 
of engineering time expended in the preparanon of the SDC, L • and E/T Loi estimates which serve as 
the basis of the line items. 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. 

Definjtjop of Terms: 

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

EDIA: 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 

Contjngency: Applied to the Base Cost is proponion 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. 

ILll!: 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*ISDC!E-T 

TRACKING 

IL• SI TRACK FIBER STRAW-TUBE \ I 
SIGNALS 3 200000 ""000 51.000 \ I 

CHANNELS 5065 10.000 51.000 \ I 
MULTIPLEX RATIO 632 3.60 1 \ I 

FRONT END ELECT. 16.440 1.390 11.683 \ I 
CABLE . - - \ I 

INSTALLATION . - - \ I 

DAO . - - /\ 
COMPUTING 237 467 2.430 I \ 

TOTAL 1U77 1857 14113 I \ 
COST/CHANNEL $3""3 $186 $271 I \ 
THERIOT CONT. 100.00'11> 30.00'11> 30.00'11> I \ 

LOIEDlA 17.88'11> 17.88'11> 17.88'11> I \ 

THERIOT EDlA/R&D 36.00'11> 36.00'11> 36.00'11> I \ 
TOTAL CIC 3.799 214 313 

lE/'ll' TRD LArSIPADS SPA. SI PADS PRESHOWER 
SIGNALS 290.000 •?.000 30.000 467.000 

CHANNELS 290.000 61.000 30000 
MULTIPLEX RATIO 1 1 1 ]2j2 

ELECTRONICS 19424 4.618 1.235 
CABLE - - . 

INSTALLATION - - -
TRIGGER 5.177 1.107 536 

DAO 1.120 239 116 
COMPUflNG 888 l!IO 92 

TOTAL :u.•10 6.!St 1.971 
COST/CHANNEL $92 $99 $99 

~K SILICON STRAW· TUBE WIRES \ 
SIGNALS 47--000 !M.000 50.000 \ 

CHANNELS 75.158 1 .. 000 50000 \ 
MULTIPLEX RATIO 

FRONT END ELECT. 8,446 

CABLE . 
INSTALLATION . 

TRIGGER 2.779 
DAO .... 

COMPUflNG 2.113 
TOTAL 17-<93 

COST/CHANNEL $234 
THERIOT CONT. 100.00'11> 

LOIEDlA 34.00'11> 
THERIOT EDlA/R&D 43.00'11> 

TOTAL CIC 250 

EIT Estimates have not nalved u SSC re.-lew 
111erlot Con1lnaenc1 Induded 
RadlMll De•lcel (PMTI) not Included 

1 1 

~860 • •10 

6,951 1149 
10 ... '"'1 
5,286 1,406 

43 741 14.595 

$233 $292 
30.00'11> 100.00'11> 
34.00'11> 34.00'11> I 
43.00'11> 43.00'11> I 

248 312 

Total CIC COil not ODCt llnce DAQ and Compudns did not ha•e -• condn1enq • local electronlcs 
Shaded numbers an ._.med 
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EM CALORIMETER HADRON CALORIMETER 

n.• BaF2EMCAL LXEMCAL LIQUID SCINT \ I 
SIGNALS IR.044 4:!..786 50.000 \ I 

CHANNELS IR.044 4:!..786 50.000 \ I 
MULTIPLEX RATIO I I I I I 

FRONT END ELECT. "-748 10.840 15.625 \ I 
CABLE - - - \ I 

INSTALLATION - - - \/ 
DAO - - - /\ 

COMPUl'ING 1143 1.999 '-""' I \ 
TOTAL 7.591 l:!..839 17.961 I \ 

COST/CHANNEL $421 $300 $359 I \ 
THERIOT CONT. 25.00 .. Jo.00 .. 25.00 .. I \ 

LOIEDIA 10.70 .. :~:~Wfftltt18Ct~:f~!: 14.'4 .. I I 

THERIOT EDIAIR&D 36.00 .. 36.00 .. 36.00 .. I \ 
TOTAL CIC 517 479 42' 

lEfr \ I I\ I SPAGHETII LIQ ARGON 
SIGNALS \ I \ I ""4'4 120.320 

CHANNELS \ I \ I 26.4'4 1'•'-'20 
MULTIPLEX RATIO \ I \ I I I 

ELECTRONICS I I \ I 5.009 1•-

CABLE x x - -
INSTALLATION I \ I \ - . 

TRIGGER I \ I \ 1.574 J~<O 

DAQ I \ I \ 102 465 
COMPUl'ING I \ I \ II 369 

TOTAL I \ I \ 6.7~ 1•~•2 

COST/CHANNEL ' I $256 $155 

SillXC \ I I PLASTIC TILE LIQ ARGON 
SIGNALS \ I \ I ""000 17 ..... 

CHANNELS I I I I ~ooo 17.400 
MULTIPLEX RATIO \ I \ I I I 

FRONT END ELECT. \ I I I "-""' J ..... 

CABLE \ I \ I . -
INSTALLATION \ I \ I - -

TRIGGER x 13'"" IJA'19 
DAO I \ , J.737 ...... 

COMPUl'ING I \ I \ l,W 2,451 
TOTAL I \ I \ 25.739 25-145 

COST/CHANNEL I I I I $390 $2U 
THERIOT CONT. I \ I \ 100.00 .. ~:~•:~::: LOIEDIA I I I \ 17.00.. 

THERIOT EDIA/R&D I \ I \ 43.00 .. 43.00 .. 
TOTAL CIC 477 .:~Hin#~f:f!Rtt:tMtt 

MARK RENNICHIOAK RIDGE NATIONAL LABORATORY/8171111 



MUON FOR.CAL SYSTEM 

n.• WIRE TMS 
SIGNALS 398.000 33124 

CHANNELS 110.000 33.124 """233 
MULTIPLEX RATIO 3.60 1.00 

FRONT END ELECT. 22.669 14.005 
CABLE . . 

INSTALLATION . . 
DAO . . 

COMPUTING 5.140 1.548 D.000 
TOTAL 27809 15.553 101~ 

COST/CHANNEL $253 $470 $365 
THERIOT CONT. 20.00'llo 50.00'llo 

LOIEDIA I0.46'llo 19.llO'llo lLOO'llo 

THERIOT EDIA/R&D 36.00'llo 36.00'llo 36.00'llo 
TOTAL CIC 311 533 447 

lUll' WIRE ? 
SIGNALS 410.000 

CHANNELS 410.000 7M.!183 

MULTIPLEX RATIO 1 

ELECTRONICS :U..456 

CABLE . 
INSTALLATION . 

TRIGGER 13.620 13.514 
DAO 1·~ 2.924 

COMPUTING pu "19 
TOTAL 42.915 79.543 

COST/CHANNEL $105 $105 

~IDXC WIRFJSC ? 
SIGNALS 1~400 1~ 

CHANNELS 1""400 7.000 4""558 
MULTIPLEX RATIO LOO 1.00 

FRONT END ELECT. ls.675 71i5 

CABLE . 
INSTALLATION . 

TRIGGER "1001 259 18.286 
DAO ..:. '37 3!16 -ooo 

COMPUTING 3.048 197 D.906 
TOTAL ~861 1.617 143 "'1 

COST/CHANNEL $506 $231 $290 
THERIOT CONT. 40.00'llo 50.00'llo 

LOIEDIA 8.00'llo 17.00'llo 29.00'llo 
THERIOT EDIA/R&D 43.00'llo 43.00'llo 43.00'llo 

TOTAL CIC 670 282 321 

MARK RENNICHIOAK RIDGE NATIONAL LABORATORY/817/91 
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TOP VIEW 
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ORAFT 
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 activities: 

1.) Preliminary Design 
a) Drawing Preparation 
b) Specification Writing 
c) Cost Trade-off Studies 
d) Functional Analysis 
e) 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 
e) Bid Evaluation 
f) Order Placement and Negotiation 

4.) Manufacture of Components 
~ 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) Installation 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 2c1w'.:!.$ ·.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 
~<mulators 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 

NEWMAIL 

Received: from Cithex.Bitnet by SLACVM.SLAC.STANFORD.EDU (Mailer R2.08 R208004) 
with BSMTP id 8193; Tue, 17 Sep 91 13:28:40 PST 

Date: Tue, 17 Sep 91 13:30:09 PDT 
From: zhu@Cithex.Bitnet 
Message-Id: <910917133009.2020106b@Cithel.CitHep.Caltech.Edu> 
Subject: Simulation parameters --- Second version with my comments. 
To: jimbrau@slacvm.bitnet 
X-ST-Vmsmail-To: ST%"jimbrau@slacvm.bitnet" 

*********************************************************************** 

Press RETURN for more ... 

IL> 
#3 17-SEP-1991 21:31:25.10 

Parameters of the Proposed Calorimeter Systems 

for Simulation Study 

*********************************************************************** 

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 letal < 1.45 (26 degree) 
for the barrel calorimeter, and 1.45 < letal < 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 < letal < 5. Since there 
<~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 resolution is defined as 

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

··"ere \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 noise in r-a.6 cone, 
sima_T-(r-a.6), is the sum of all channels in r-a.6 cone, assuming no 

Press RETURN for more ... 

MAIL> 
#3 17-SEP-1991 21:31:25.la 

correlation. The pile-up noise (sigma_P) is estimated for 
1aA{33)/sec/cmA2 luminosity, assuming the readout schemes proposed. 

1. Electromagnetic Calorimeter Parameters: 

NEWMAIL 

Option BaF_2 L. Ar Kr Barrel/Xe Endcap 

eta max 2.5 

segmentation a.a4 x a.a4 

Longitudinal Sample 1 

peaking time (ns) < 16 

.1.ta x (mn) 1 

a 2 

Press RETURN for more ... 

MAIL> 
#3 17-SEP-1991 21:31:25.la 

b 

sigma T/cell (MeV) 
sigma-T (r-0.6, GeV) 
sigma=P (r-a.6, GeV) 

pi_a/gamma rejection 

a.5 

10 
0.3 
0.85 

No 

2. Hadron Calorimeter Parameters: 

3.a 

a.a4 x a.a4 

3 

4a 

1 

7.5(****) 

0.5 

15 
a.5 
1.2 

No 

1.45 I 3.a 

a.a4 x a.a4 

2 I 3 

4a I < 16 

1 I 1 

7.5 I 2 

0.5 I 0.5(*) 

15 I la 
a.s I a.3 
1.2 I a.85 

Yes(**) 

-------------------------------------------------------------------------Option L. Ar L. S. Spaghetti 

eta max 3 3 3 

segmentation o.as x a.as o.as x a.as a.as x a.as 
-------------------------------------------------------------------------Longitudinal Sample 4 6 1 

'ss RETURN for more ... 

NEWMAIL 

MAIL> 
#3 17-SEP-1991 21:31:25.la NEWMAIL 

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



peaking time (ns) 100 < 16 < 16 
-------------------------------------------------------------------------

a 
b 

63 
1.6 

50 
2 

50 
2 

- ------------------------------------------------------------------------
JITla T (r-0.6, GeV) 

sigma=P (r•0.6, GeV) 
3.0(***) 
3.0 

< 1 
1 

< 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 

b. 
17-5EP-1991 21:31:25.10 

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. sununing limited cell numbers, and dead materials 
at the front and between cells. With a total of 25 r.l., the 
rear leakage is negligible. This is aslo 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%(525). 

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> 

NEWMAIL 

#3 17-5EP-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 II 

Scintillating Fiber Calorimetry 

A. General Arrangement Drawing 

B. Mechanical Parameters 

C. Costing Summary 

D. Costing Details 

E. Design Description 
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GEM Parameters 

Spaghetti Hadron CaJorjmeter; 0.08 Segmentatjon 

Absorber Volume 274.72 M"3 

Channels 5168 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 Lenoht 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 bv Electronics <5000 Watts 

Inner Radius 1400 mm 

Outer Radius 4000 mm 

Lenath 11100 mm 

MARK RENNICH/ 9/19191 : OAK RIDGE NATIONAL LABORATORY 



GEM Parameters 

Soaghetti Hadron Calorimeter; 0.10 Segmentation 

Absorber Volume 274.72 M"3 

Channels 3304 Each 

Total Weiaht 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 Lenaht 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 

Inner Radius 1400 mm 

Outer Radius 4000 mm 
Length 11100 mm 

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



GEM Parameters 

Spaghetti Hadron Calorimeter; 0.10 Segmentation 
With Lead Shot 

Absorber Volume 244.26 fN\3 

Channels 3304 Each 

Total Weiaht 2398.43 Metric Tons 
Eutectic Lead 727 .12 Metric Tons 
Lead Shot 1373.22 Metric Tons 
Structural ComDonents 83.94 Metric Tons 
Sheaths 185.68 Metric Tons 
Fiber 28.47 Metric Tons 

Percent Struct and Gaps in Absorber 6.50°k 

Total Absorption Lenght 10.00 Lanibda 
Active Absorption Lenght 8.84 Lambda 
Passive Absorption Lenaht 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/ 9119191 : OAK RIDGE NATIONAL LABORATORY 



PRELI MI NRRY 
Scjntjllating Fjber Hadron Calorjmetec 0.08 Segmentatjon 

Catagory Tot Uts SK/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 LABORATORY/ 9-20-91 



PRELIMINARY 
Sejntjllatjng Fjher Hadron Calocjmeter 0.1 Segmeptatjop 

Cata2ory Tot Uts $KIUNIT Units Costs 

1.00 Material 
1.10 Lead 2000.4 $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 OuterRinES 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 Testin2 $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 Bracin2 250000 $0.002 Lbs $500 

9.00 Shipping $500 

Direct cost $54,213 
EDIA 25% $13,553 

Base Cost $67,766 
Contingency 30% $20,330 
Subtotal $88,095 
R&D 11% $9,690 

Total $97,786 

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



PRELIMINARY 
Scjntjllatjng Fjher Hadron Calorjmeter 0.08 Segmentatjon 

Wjth Lead Shot 

Catagory Tot Uts $K/UNIT Units Costs 
1.00 Material 
1.10 Eutectic 727.12 $5.576 Mt on $4,054 
1.20 Lead Shot 1373.22 $0.992 Mt on $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 
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,A9 & Test $12,613 
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 BracinE 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/ 9-20·91 



00991.112 
Draft2 
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/lb. Lead Shot (0.6 mm diameter) is quoted 

at $0.45/lb. 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/lb. 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 II.E. 

Design Description. 



1.30 Light Guides 

Re: Figure No. G.03.SC.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.SC.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.SC.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/lb. 



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/ttigger 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 SOC 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 PMTs 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.SC.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/lb. 

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 $12Jlb. 



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.SC.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 Elf estimates of $1,687K for the Spacal option and 

$2,(i()2K 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.SC.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 perfonned, 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 SSU. 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 (j()(),000 lbs. It will be fabricated from structural 

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

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 crane 

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. 



00991.153 
DRAFfl 
September 15, 1991 

Spaghetti Calorjmeter 

lTnresglyed Desjgn Iss11es 

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 complete plan will be included in Draft 2. 

7. Fiber Shear 

The structural design of the spaghetti calorimeter requires funher evaluation to determine if 

shifts can occur which will induce unacceptable sttesses 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 arc being 

evaluated to determine if additional safety equipment is required. According to Ronn Wooley of the 

ssa.. 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. 



1temjzation of Spaghetti Calorimeter Wejghts: 0.05 Segmentation 

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 Laboratory/9-12-91 
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Spaghetti Hadron Calorjmeter 

Cost of Top Plates 

Seamentation Area Thickness Weiobt 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 



Sua2b.:11i Hadcuo Calucims:lt:c 

Cost of Sheaths 

0.1 Setnnentation 
Material Ouantitv Units Cost/Unit 
Sheetmetal 91.92 Lbs 5.5 $506 
Bracintr 28.52 Lbs 5.5 $157 
Fasteners 16.00 Each 1 $16 
Total $678 

0.08 Setnnentation 
Material Ouantitv Units Cost/Unit 
Sheetmetal 73.54 Lbs 5.5 $404 
BraciDR 25.42 Lbs 5.5 $140 
Fasteners 16.00 Each 1 $16 
Total $560 

0.16 Setnnentation 
Material Ouantitv Units Cost/Unit 
Sheetmetal 183.84 Lbs 5.5 $1.011 
Bracinr 53.00 Lbs 5.5 $292 
Fasteners 16.00 Each 1.25 $20 
Total $1,323 

Mark Rennich/Oak Ridge National Laboratory/9·18-91 
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Structural Ring Assembly 

Proposal 

Rennich 



1.1 
1.2 
1.3 
1.4 
1.5 
1.6 

Spaghetti Calorlmeter- 0.08 Segmentation 
Fiber Frame/Light Gulde Costing 

Element Descrlotlon Quantity Units 

Base Plate 1.0 cm Drilled Dlate 11.28 lbs 
PMT Frame 16 aa Sheetmetal 4.00 lbs 
Fiber 1 mm Trans Fiber 466.19 meters 
Llaht Mixer Molded acrvl!c 1.00 ea 
Shell 12 aa Sheetmetal 12.59 lbs 
Fasteners 1/2 In 8.00 each 

Unit Cost Total 

$12.00 $135 
$8.00 $32 
$0.22 $103 

$25.00 $25 
$4.00 $50 
$1.00 $8 

Total $353 

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

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



1.1 
1.2 
1.3 
1.4 
1.5 
1.6 

Spaghetti Calorimeter- 0.10 Segmentation 
Fiber Frame/Light Guide Costing 

Element Descrintion Quantltv Units 

Base Plate 1.25 cm Drilled plate 22.04 lbs 
PMT Frame 16 aa Sheetmetal 5.00 lbs 
Fiber 1 mm Trans Fiber 801.26 meters 
Llaht Mixer Molded acrvllc 1.00 ea 
Shell 1 O aa Sheetmetal 20.21 lbs 
Fasteners 1/2 In 8.00 each 

Unit Cost Total 

$12.00 $264 
$8.00 $40 
$0.22 $176 

S25.00 $25 
$4.00 $81 
$1.00 $8 

Total $595 

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/9-18-91 



Spaghetti Hadron Ca!orjmeter 

Cost of Spacer Plates: Eutectic Fill 

Se1>111entation Max Area Min Area Number Total Area We"'ht 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 

Se11111entation Max Area Min Area Number Total Area we:..ht 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 30.45 $4 $122 

0.16 2704 515.29 24 38,631.48 72.20 $4 $289 

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



Spacer Plate 
Perforated Stainless Steel Fiber Holes 

PbFeedthru 

•• 
• 

Hole Pattern 

2024mm 
(Approximate) 

Top Plate 

Spacer Bar 
4 required 

Perforated Plate 
26 Required 

GEM Detector 
Spaghetti Hadron Calorimeter 

G.oJ.SC.00065 Spacer Assembly Rennich 



300 

• otal Number of Holes in Typical Plate: 2,122 

1~ 300 

!U! lUt?JUJ f.U f.tj\' ! tu tu tu t?Jf. u j_ 
+H+H+ H+ t-H t-H t-H+H+ H+ H+ H-f t-H +H +H+ H 
IOI DI DJ [I] [I] [OidiI DI DJ Cl] [I] [I] I or D 

<H+H+H+H+t-Ht-Ht-H+ +H+H-fi-1-ft-H+H+H+H 
::JI 0 I DI DJ r:1::r Il:J IO I I DI DJ r:1::r !:IJ !IJ IO IO 
o-l+H+ H+ 1-1-f H-f +H +H+ + 1-1-f 1-1+ 1-1-f 1-H +H+H+ H 
::JI O I [II [I] I:IJ IIJ IO I I [II [I] !:IJ !:IJ IO IO I [I 
o-l+H+ H-f 1-1-f 1-1-f 1-1-l l-H + + 1-1-f 1-1-f 1-1-f 1-1-l +H +H+ 1-1 

1

"1THT H"t r11 r11 Tl1 TH T "t r1-r r11 r11 r-11 Tl1 THT r1 
!J IOI OI C1J C1J I1J IO I I C1I C1I C1J I1J I1J IOI o 
i"1-tH1" H"t t-1-t t-1-t t-11TH1" 1" t-1-t t-1-t t-1-t Tl1 Tl-1 "tH-t t-1 
'!JI 0 I OJ DJ DJ I1J IO I l.'.lI DI DJ LIJ [1J I 1J IOI D 
!"1-tH+ H+ t-1-t t-1-t Tl-1 TH -ttfi+ t-1+ t-1-t t-1-t t-1-t t-1-1 + H+ t-1 
:!:)IOI OI DJ LI] I1J IIJI -IOI DJ LIJ [1J I1J IOI 0 
0-i+H+ H+ H-f t-H t-H t-H+ + H+ H-f t-H t-H t-H +H+H 
fg:J IOI DHIJ [IJ IIJ IIJ I DJ DJ [IJ [IJ I-8 IRI DI 
o-1+H+H-f1-H 1-1-f +H t-H + + 1-1+ 1-1-f 1-1-f 1-H +H + H + H 
::JI 0 I DI D::I !:I:! IIJ IO I I DI DI [I:! LI:! IIJ IO I [I 
lo-I+ H + H-f 1-1+ 1-1-f +1-l +H + + 1-1-f 1-1-f 1-1-f 1-1+ +1-l + H + H 
1::J I 0 I 01 [I] r:1::r IIJ IIJ I 1 [I] [I] [IJ tlJ !IJ I 0 I 0 

l

o-l+H+H+l-l+LH+H+H+ -fi-1-fl-l-fLl+Ll-f+l-l+l-l+l-I 
"1 TH "t H-t r11 t-11 r11 Tl1 T "t r1-r r1-t r11 r11THTH1" H 
'!l IOI o:r C1J I1J I1J IO Iqi:r c1:r C1J C1J LI] Io IOI Ct 
,"11" H-t H-t t-1-t t-1-t Tl-1TH1" t:1-t t-1-t t-1-t Tl-t Tl-t TH 1" H 1" t-1 
'!:J IOI o:r LI] [I] [I] [0 I I o:r DJ LI] [I] IO IOI LI 
"1+H+H-tH-tt-l-tTHTH+ +H-tH-tt-1-tt-l-tTH+H+H 

l

!:JIOIOIOJ[1JIIJIIJI IDIDJI:IJ[IJIIJIOIO 
0-i+H+ H+H+ H+ TH TH+ + H+ 1-1-f 1-1+ t-H TH+H+ H 

IDIDIOJ[IJ[OIOI IDIOJ[IJ[OIOIOID 
+H+ H+ H-f 1-1-f +H +H + + 1-1+ 1-1+ 1-1-f 1-H +H +H+ 1-1 

I DI OJ [IJ Ii:J IO I I DI DI I:IJ [IJ IIJ IDT ri 

Fiber Holes: 3.2 mm Diameter 
Notch For Framing Gussets 

1251 

Spaghetti Hadron Calorimeter 
Top Plate Layout 
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Tower Attachment Hole 
(284 required) ' 

G.OJ.SC.00050 

Inner Structural Ring 

Spaghetti Hadron Calorimeter 
Typical Inner Structural Ring 

R1485 

Material: 3041 St St 

Rennich 



Outer Gusset 
' 

Inner Gusset/ 

7900mm 

G.03.SC.OOOSI 

Flange 
-..,' 

~ 

b 
/ 

Longitudinal Gussets 

Access Hole 

Spaghetti Hadron Calorimeter 
Typical Tower Outer Structural Ring 

Rennkh 
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Spaghetti Hadron Calorimeter Fabrication and Assembly Plan 

Introduction 

The Fabrication and Assembly of the Spaghetti Hadron Calorimeter will be perfonned 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 resulting 

reduction in storage and handling requirements. 

I. Purchased Material 

Major purchased items are: 

1. WLS optical fiber, 3 mm diameter, 
2. Clear optical Fiber, 1 mm Dia., 
3. CerrobendAlloy, 
4. Readout Assemblies, 
5. Sheath Assemblies, 
6. Outer Support Rings, 
7. Inner Support Rings, and 
8. Fiber Spacer Assemblies. 

II. Manpower 

The fabrication operations will be closely linked both physically and organizationally 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 perfonning all operations on au stations. Exceptions will include cnnc 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. 

STAJJQNJWQ 

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

monorail system 

Functions: 

1. Receive Sheath, 
2. Inspect and Clean Sheath, 
3. Retrieve Spacer/Fiber subassembly, 
4. Insert Spacer/Fiber subassemblies in Sheath, 
5. Inspect completed assembly, 
6. Store completed assembly. 



STATIQN JJiREE 

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. 

SIAJJON FOIJR 

This station will be equipped with a twO large casting stations, four setup stands, work tables, 

and three monorails. 

Functions: 

1. Retrieve Sheath subassembly from storage, 
2. Inspect Subassembly, 
3. Assemble mold form, 
4. Insert Sheath subassembly in mold form, 
5 . Install mold in molding station, 
6. Perform casting operation, 
7. Remove mold from casting station, 
8. Monitor aging process, 
9. Remove sheath from mold, 
10. Inspect sheath subassembly, 
11. Store sheath subassembly. 



STAJJON FIVE 

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

monorails. 

Functions: 

1. Retrieve Readout subassembly from storage, 
2. Inspect Subassembly, 
3. Assemble mold form, 
4. Insert Readout subassembly in mold form, 
5 . Install mold in molding station, 
6. Install lead shot, 
7. Perform casting operation, 
8. Remove mold from casting station, 
9. Monitor aging process, 
10. Remove subassembly from mold, 
11. Inspect subassembly, 
12. Store subassembly. 

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. 

Al.L 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: 

I . Setup Ring assembly stand for proper ring size, 
2. Inspect assembly configuration, 
3. Receive Tower assemblies, 
4. Inspect Tower assemblies, 
5. Install Towers, 
6. Inspect ring assembly, 
7. Up-right assembly, 
8. Remove assembly from stand. 

SIATION EIGJIT 

The inspection stand confirms that the ring module will fit into the detector correctly by measuring 

deflections in the installed orientation. It will also be used for other inspection and evaluation 

functions. 

Functions: 

I . Install Ring on Inspection Stand 
2. Perform dimensional inspections, 
3 . Install wiring harness, 
4. Remove module from inspection stand. 

SIATION 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: 

I . Install Ring modules, 
2. Perform dimensions inspections, 
3. Modules will be stored on Stand until beam test 
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1.00 
T•kNumber 

1.10 
1.20 
1.30 
1.40 
t.IG 
l.IO 
1.10 
l.IO 
l.IO 
1.10 
1.11 
1.12 
1.13 

2.00 
T•-r 

Z.01 
z.oz 
2.13 
Z.04 
z.os 
Z.GI 
Z.07 
Z.OI 

Spaghetti Hadron Celorlmeter 

Segmentation: 0.08 

STATION ONE 

Auemblv Spacer Arrays 
TullO-~,. 

AllrleW --- -.. ..... 
llolrloveT-Plolo 
a. ... -, ....... 

A- ·•-=k ·--
- - ... --- Slollon Gllhor-. 

Cul ..... ·-- Flbora 
lnolol Flbora In Rook ... -. -·--1~ 

. - lo TA2 

T-lor-Ono 

STATION TWO 
Auemble Sheaths 

Took lloocJlpl. Aol--In--
c:io .. s-h --· ,___...·-·Aue-WV -· .. _ ___ .. 

llover•bM--to •4 
Talalo lor Slollon Two 

Houra 

o.s 
0.21 
0.25 
0.25 
0.21 
1.21 
O.I 
1 
3 

o.s 
O.I 

0.21 
0.1 

• 

Houra 

0.1 
0.25 
o.s 
o.s 
0.5 
o.s 
0.1 
0.1 

3.75 

Manulacturing ol Had. .>paghelll Towers 

,_ Unit Tai PHRS Ouonllv Tol.PHRS 11110($.'PHRI llH(QI 

1 o.s 41138 2411 31 Dll.51 
1 0.25 - 1234 31 $31.25 
1 0.25 41138 1234 31 $31.25 

1 0.25 - 1234 31 ""'·25 
1 0.25 - 1234 S1 $31.ZS 

z 0.1 - - 31 ~11 

1 0.1 4- 24111 31 m.11 
1 1 - 4131 31 $153-02 

z • - 29111 31 -11.10 
2 I - - 31 $153.02 
2 1 - 4131 31 $153.0Z 
1 0.25 41138 1234 31 $31.25 
I o.s 41138 24111 31 m.11 

12.25 ..... ... 174.41 

,_ Unit Tai PHRS Ouonlfty Tal.PHRS Ra10($.'PHA) ll&S(Q) 

2 1 - 41131 31 $153.02 

2 0.5 41138 24111 31 $19.51 

2 1 41138 4- 31 ~A.oz 

1 o.s 41131 2411 31 '71.51 

1 0.5 41131 24111 31 Dll.51 
2 I - 4131 31 $153.02 

I o.s - 24111 31 m.11 
2 I - ·- 31 $153.02 

• 21111 $111.10 

Mark Renntch/ Oak Ridge Nalional Laboralory/ 9·20-91 



Manulacturing of Had. .:>paghetti Towers 

STATION THREE 

3.00 Assemble Readout Sections 
T•kNumber Tuk Dncrlpl. Haurw Peraonload Unit TOI PHRS °"""'"' TOl.PHRS Rol•C$1PHR) ll&sCKS) 

3.01 Galher Relldaut Fr- 0.25 1 0.25 49341 1234 31 $38.25 
3.02 IM-t Frmne 0.25 1 D.25 41131 1234 31 $38.25 
3.03 cte•Frame 0.1 1 0.1 49341 413.1 31 515.30 

3.04 Galher_R_ D.25 1 D.25 4131 1234 31 ·-.25 
3.05 Cut Md In·- Flber9 1 1 1 4131 4131 31 $153.02 

3.DI lnel .. Fl_ In F,_ 4 1 4 4131 11744 31 Sl12.DI 

3.07 
--Flbeno 

1 1 1 4131 4131 31 1153.02 
3.DI Flnloh Rbertermin.tlon end 3 1 3 49341 148DI 31 $4511.05 

3.DI I-' com..._._ .. .....,. ...... D.25 1 0.25 49341 1234 31 -.25 

3.10 Store r.-n1mec1 ... 111hhl 0.25 1 D.25 4131 1234 31 '38.25 
Tot• far Slollorl 1'1wM 1D.35 10.35 51087.1 $1 513.72 

STATION FOUR 
4.00 Cast Tower assemblies 

T .... N .... ber TolkDncrlpl. Haurw p.,...._ UnMTOIPHRS °"""'"' TOI. PHRS Rol•C$1PHR) llaS(KS) 

4.10 Rel-ShoolhhmSt- 0.5 1 0.5 4131 2418 31 .--:.51 

4.20 lnel.'llMll.ehMlh 0.25 1 D.25 4131 1234 31 $38.25 
4.30 A---F ..... 1 2 2 4131 1872 31 ~.03 

4.40 lnot .. Shoolh In Mold 0.25 2 0.5 49341 24A 31 $79.51 

4.50 1no1e111o1t1 1n c ... ~ -loll 0.5 2 1 4131 49341 31 1153.02 

4.10 Hool lloldl- - 2 0.1 0.2 4131 987.2 31 $30.IO 
4.70 "'"'"" llellll In Cnlclbto 0.5 1 0.5 49341 24A 31 $79.51 

4.IO P.rtorm Preeaat- , _ _,,,lonl: 0.25 1 0.25 49341 1234 31 $31.25 

4.IO 
c ... T_,.. __ 

1 1 1 49341 49341 31 $153.02 

4.10 Removo - From C.o1•-Stollorl 0.5 2 1 4131 49341 31 *'53.02 
4.11 s·-rv• Mold Cool-Down~ .. 11 O.DI u 4938 3141.1 31 $122.41 
4.12 ~.- 1 2 2 4938 1872 31 S301.D3 

4.13 
ctnnT ___ 

0.5 1 0.5 4131 2- 31 m.51 

4.14 1-ct Tower Aaemhlv 0.5 1 0.5 41131 2468 31 $79.51 

4.15 Move Tower •Mmblv to St.tlon I 0.5 2 1 4131 4131 31 5153.02 
Totoltl far Slollorl Four 25.25 12 59232 $1.831.11 

Mark Aennich/ Oak Ridge Nalional Laboralory/ 9-20-91 



Manufacturing of Had 3pagheni Towers 

STATION FIVE 
5.00 Cast Readout Assemblies 

T-.Numbor ToollO..Crtpl. Houl9 p- UnHTalPHRS .,....... Tal.PHRS Aal•CM'HR) ll&S CKS) 
S.01 Rold ... -F,_ 0.5 1 0.5 - 2481 31 S'll.51 
5.02 ---- u 1 0.5 - 2481 31 -.51 
5.03 lnlloll-•lnmald 0.5 2 1 - 4- 31 $153.02 
5.114 .. _Mold In Coll'- -Ion u 2 1 - 4- 31 "'53.02 
S.05 

,,._ .. h __ 
G.25 1 0.25 - 1234 31 $38.25 

5.07 -11-- 1 0.1 0.1 - 413.• 31 $15.30 
5.H _ ........ Cruclllle 0.25 2 0.5 4- 2481 31 $71.51 
5.0I _,,_ .... 0.25 2 0.5 41138 2481 31 $71.51 

5.01 c..t "-doUll --hhl 1 2 2 41138 1872 31 ...... 03 
5.10 Almove A-from r--Stellon u 2 1 - ·- 31 $153.02 
5.11 s.-rvt. lloldCaal Dai nDiele I 0.05 0.4 - 1174.4 31 $81.21 
5.12 

........ _ 
0.25 1 G.25 ·- 1234 31 .... 25 

5.13 a ... and- Anlmblv u 1 0.5 - 2481 31 $71.51 

5.14 u 1 o.a - 2481 31 $71.51 
5.15 S1-c..t1n11 In ll•hlne AIM o.s 1 0.5 - 2481 31 $71.51 

T-larSlellon ..... 15 1.5 -12 S1 453.85 

STATION SIX 
6.00 Assemble Tower - nents 

T-.-... , ToollO..Crlpl. Hou .. P...- UnllTalPHRS -·· Tal.PHRS Rel•CM'HR) 11"9 CKSI 

1.01 ....... T--•Stond 1 2 2 51 118 31 $3.10 

1.02 
.._...T __ .... _ 

o.s 2 1 51 u 31 Sl.IO 
1.03 Locll1and I ---· ... O.I 1 o.s - 2481 31 $71.51 .... i-e..iT--S.Cdon O.I 1 O.I - 2481 SI -.51 
I.OS Teel Fl I u 2 1 41138 4- 31 $153.02 .... - I 0.5 2 1 - 4- 31 $153.02 

8.07 -r-su11eo-111v 0.25 2 o.s 4- 2481 31 -.51 .... Lallel ....... ,_ ....... u 2 1 4138 41341 31 $153.02 
Talel lar Slellon Six 4.25 7.5 223841 sen.11 

Production T- Fobrtclllon T- .... 57.S 26H71.S $8360.07 

Fllu• T-r Fobrlclllon Tai• 0 71 232 17400 $539.40 

Production T-Fobrlcellon Tai• 217071.1 ta 891.47 
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Manufaeluring ol Hao. Spaghetti Towers 

STATION SEVEN 
7.00 Assemble Cones @Texas 

T .... Number TnklloocdpC. Hou'" p.,._ UnltTol PHRS au.ntfty Tol.PHRS A•o (SIPHA) M&S(KS) 

7.01 An1mlH Conic .. Fl1ture 5 10 51 580 28 $15.08 
7.02 ln.-.J Conic .. FIJduN 1 2 51 111 28 13.0Z 
7.03 ......... TIWIO""" Ind·-· - 3 • 51 34.1 28 S8.05 
7.04 lnetlll Outer Structunl Rinn 2 4 51 232 28 $1.03 
7.05 Locate •nd Tr11m......e Tower Suba9. o.s 1 4931 4931 28 -21.34 
7.08 ~ ... 1rowersutt..aembl ... 0.5 1 4138 4931 28 •125.34 
7.07 ---"" 4 I 51 414 28 $12.08 
7.0I Dolormlno Dlmonolono ol Fll.Uo T-. 2 4 51 232 28 .... 03 

7.09 lnotollFft-u•T- 4 I 232 1151 28 $41.28 
7.19 In• .. lnnw StructUrlll -- 3 I 232 1312 28 ..... 1. 

7.11 com..we Anemblv of 11- 2 4 51 232 28 $1.03 
1.12 Label Md Store.....,. 3 • 51 1122 28 $13.57 

Tolol lwSl•lon -· 30 13 15141 -12.00 

STATION EIGHT 
8.00 Test Subassemblles @ Texas 

T .... Numbor TnklloocdpC. Hou .. Peroonlood Unll Toi PHRS au.ntn, Tol.PHRS A•o(SIPHA) M&S(KS) 

8.01 Move R'- to Tnt St•lon 3 3 • 51 522 28 $13.57 
I.DZ lnololl-olubu 15 2 32 51 1151 28 $41.28 
1.03 lnolollTo•- 15 2 32 51 1151 28 $41.28 
1.04 ... ~D T .... __.&18 I 2 11 51 121 • 28 $24.13 
8.05 Perform ..--1om1 TeM1 24 2 41 51 2714 21 $72.31 
l.OI Aetum Rinn to 9tanaa1St• I 3 3 • 51 522 21 $13.57 

T- 1w Stollon ""'hi 7U 145 1451 $220.17 

STATION NINE 

9.00 Assembly Flt-up @Texas 
TnkNumbor TnklloocdpC. Hou .. p.,.onlomd Unit Toi PHRS au .. a, Tol.PHRS A•o(f/PHA) M&S(KS) 

9.01 Move Submntrnblle• to RI-"•• s .. nd 40 3 120 58 1950 21 $119.91 

9.02 ....... wo.o-HornoHnlShl- 40 3 120 58 lllO 21 $119.91 
1.03 """rotlonol THI 40 2 80 58 4140 21 $120.14 

Tolol fw Station Nino 120 320 15580 $482.51 

AccumulMed M•-r Co.I 329954 $19 914.19 
Personnel Efftcle---- 1.25 $1.25 

Estlm .. ed M- coat 412442 $12.517.74 

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



i;gUIDmlDl BIQUICld Eac 5p1gb1111 k1lac1m111c 
Equipment Quantity Unit Coat Total Coat 

STATION ONE 
1.01 Fiber Cutting Machine 2 $7K $14K 
1.02 Spacer Alignment Fixture 2 $SK $15K 
1.03 Fiber ln•rtlon Machine 2 $1SK $30K 
1.04 Spacer Expansion Fixture 2 $10K $20K 
1 • 0 S 2T Monorail 1 $10K $10K 

STATION TWO 
2.01 Vertlcel specer/ahHth ass std 1 $1SK S15K 
2.02 Personnel Platform 2 $2K $4K 
2.03 2 T Monorail 1 $10K $10K 

STATION THREE 
3.01 Fiber lnstelltlon Workstation• 4 $10K $40K 
3.02 2 T Monorail 1 $20K $20K 

STATION FOUR 
4. 01 large CHtlng System• 2 S2SOK $SOOK 
4.02 Mold• 31 $7K S217K 
4.03 S T Monorail 2 $20K $40K 
4.04 Setup Stand• s $15K $7SK 
4.0S Personnel Platform• 2 $10K $20K 

STATION FIVE 
5.01 Readout CHtlng Systema 1 $100K $100K 
5.02 Mold• 31 $4K $124K 
5.03 2 T Monorail 2 $10K $20K 

STATION SIX 
6.01 Bend Saw 1 $15K $1SK 
6.02 Miiiing Machine 2 S250K $SOOK 
6.03 Tower Fixture 4 $10K $40K 
6.04 Readout Fixture 4 $10K $40K 
6.0S Tower Aa•mbly Stand 2 $1SK $30K 
6.06 Per•onnal Platform 2 $4K SSK 
6.07 s T Monorail 2 $20K $40K 

STATION SEVEN 
7.01 Ring Aaaambly Stand 2 $12SK $250K 
7 .02 Ring Lifting Fixture 1 $100K $100K 
7 .03 Ring Adepter• 23 S10K $230K 

STATION EIGHT 
8.01 Vertical Aa•mbly/lnap Stand 1 $2SOK S250K 
8.02 Ring Adepter• 23 $10K $230K 

STATION NINE 
11.01 SubH•mbly Stand 2 $2SOK $500K 
9.02 Temporary Bracing 1 $SOK $SOK 

GENERAL EQUIPMENT 
10.01 Envlromentel Control 1 $SOOK $SOOK 
10.02 Clothing 1 $SOK $SOK 
10.03 CIHnlng Supplies 1 $SOK $SOK 
10.04 Tools 1 $100K S100K 
10.0S Temporary U•• Item• 1 $200K $200K 
10.06 Handllna Cart• 110 to 100 n s S15K $7SK 

Total $4,532K 
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1.00 
TMkNumbor 

1.10 
1.20 
1.30 
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1.50 
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1.12 
1.13 

2.00 
TMkNumbor 

2.01 
:Z.02 
2.03 
2.04 
2.05 
:Z.OI 
2.07 
2.0I 

Spogholll Hadfon c-.-or 
Sagmantallon: 0.01 

STATION ONE 

Assembly ~cer Arravs 
THllO..Crlpe. 

Rltrine ~ Nat11 

AIOrtavaT--. 
a. .. --.... 

Al8emlllt- -••eek 
1----11.11. 

--In.._ ............ Ion 
GolhwFlboro 

Cul and 1~ Flboro 
lnalall ""'"'9 In Rack 

"'•--'·------..._. 
11cw .............. ..a2 

T-lorSl-Ono 

STATION TWO 
Assemble Sheaths 

Tml>oocltpl. 
.............. h 
.._ ....... h 

CloM-h 
G .. herS-
1n1- s--... AleernblV 

-s lnS-h 
...__. eubaMl'ftlhM 

llovw.m.-toS •4 
Tollla tor 91 .. lon Two 

"-0.5 
D.25 
0.25 
0.5 

0.25 
O.ZI 
0.5 
1 
4 

0.5 
0.1 
0.5 
0.5 
I.I 

Houra 

0.5 
0.25 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
3.75 

Manutaeluring of Had .3paghelli Towers 

-- UnhTolPHRS a.-n, Tol.PHRS A'"o(SIPHA) ll&S(KS) 

1 0.5 1124 11112 31 '41.42 
1 o.zs 3124 781 31 ~.21 

1 D.25 3124 m 31 $24.21 
1 0.5 3124 1512 31 '41.42 
1 0.25 3124 711 31 rH.21 
2 0.5 3124 11112 31 $41.42 
1 0.5 3124 11112 31 -.42 
1 1 3124 1124 31 $11.M 
2 • 3124 24- 31 mus 
2 1 3124 3124 31 -.M 
2 1 3124 3124 31 $11.M 
1 0.5 3124 11112 31 -42 
1 0.1 3124 11112 31 '41.42 

14.75 48071 $1421.41 

P-.onla111 Unit Toi PHRS QuanlllV Tol.PHAS AIOa ($/PHA) ll&S(K$) 

2 1 3124 3124 31 $91.M 
2 0.5 3124 11112 31 $41.42 
2 1 3124 3124 31 $91.M 
1 0.5 3124 1512 31 ~·42 

1 0.5 3124 11112 31 '41.42 
2 1 3124 1124 31 -.M 
1 0.5 3124 11112 31 '41.42 
2 1 3124 3124 31 $91.M 

• 11744 ....1.01 
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Manulacturing of Hao Spaghelli Towers 

STATION THREE 

3.00 Assemble Readout Sections 
T•kNumber Toollllncdpl. Hourw Porwon- Unit Tai PHRS CluonlllJ Tal.PHRS Rolo (SIPHR) ll&S(K$) 

3.01 Oolhor-- G.21 1 0.25 3124 781 31 H4,21 

3.02 1-'Frmne 0.25 1 D.25 3124 711 31 $ZU1 
3.03 Cll111Freme 0.1 1 0.1 3124 312.4 31 -.11 
3.04 Oolhor-Flborw 0.25 1 0.25 3124 711 31 $24.21 
3.05 CUI ond 1...-Flborw 1 1 1 3124 3124 31 191.14 
3.0I lnololl Flborw In F,_ I 1 I 3124 15120 31 -.22 
3.07 SocurwFlborw 1 1 1 3124 3124 31 191.84 
3.0I Flnloh Flberlonnlndan ond 3 1 3 3124 1373 31 $290.S3 
3.0I I--' com .................. 0.25 1 0.25 3124 711 31 $24.21 
3.10 Storeeom-H .... m- 0.25 1 0.25 3124 711 31 $24.21 

Talolo lar Slollon 1lvw 11.31 11.31 31417.4 ... Oll.11 

STATION FOUR 

4.00 cast To_, assemblles 
TMll-bor Tukllncrlpl. - -- Unit Tai PHRS OuonlM• Tal.PHRS Aolo(SIPHR) ll&S(K$) 

4.10 AolrlovoSholllh"-S,_ 0.1 1 0.1 3124 1512 31 ..... 42 

4.20 1no--h 0.1 1 0.1 3124 1512 31 ..... 42 

4.30 Aooomblo-ondFIWIM I 2 2 3124 1241 31 $11111 
4.40 lnollllSholllhln- o.s 2 1 3124 3124 31 -.84 
4.50 lnotol llolcl In c.i .... _ .... o.s 2 1 3124 3124 31 191.84 
4.10 Holll lloldl- Both 2 0.1 0.2 3124 824.1 31 Stl.37 
4.70 lnotd llollll In Cruclblo 0.1 2 1 3124 3124 31 198.84 
4.10 ........... PreCal ..... 0.25 1 0.25 3124 781 31 $24.21 
4.10 c ... TowerAl:Mmbllel 1 2 2 3124 1241 31 $113.11 
4.10 Remove llokl From Cut._ lt•llon 0.5 2 1 3124 3124 31 -.84 
4.11 S•-rvlM Mold Cool-Down "-le 11 0.05 0.8 3124 2411.2 31 $77.44 
4.12 """"- 1 2 2 3124 8241 31 ... 13.11 
4.13 ClunT- o.s 2 1 3124 3124 31 191.84 
4.14 man.d Tower Anemhhl 0.5 2 1 3124 3124 31 ...... 
4.15 llov• T-·-• •o Slllllon a 0.5 2 1 3124 3124 31 .... 84 

Talolo lar Slllllon Four 25.75 15.25 47141 $1471.87 
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Manufacturing ol Hao. Spagheni Towers 

STATION FIVE 
5.00 Cast Readout Assemblies 

T•Numbor Tnllo-.tpl. H...,. -- UnhTolPHAS Ouonllly Tol.PHRS lloloC.-..HA) llHCKSI 
l.01 Aol--F- u 1 0.5 3124 1112 31 '48.42 
l.02 --- o.s 1 0.5 3124 1152 31 ..... 42 

11.03 lnololl ............. d o.s 2 1 3124 3124 31 $91.14 
l.04 lnotol lloldlnCOOl..,_lon o.s 2 1 3124 3124 31 .... 14 
II.OS Fll-.!wlh-- G.25 1 G.25 3124 711 31 '24.21 
ll.D7 Ho•-- 1 G.1 0.1 3124 312.4 31 .... 
11.0I lnotoll llolol In Cnldlilo 0.25 2 0.5 3124 1552 31 .... 42 

5.0I Porlann ProCul ..... .. 
G.25 2 o.s 3124 1552 31 '48.42 

Lot COOi- 1 2 2 3124 1241 31 -···· 11.10 -- _COOi ... _ o.s 2 1 3124 3124 31 .... 14 
5.11 S·-MoW Coot Dca11 cw.1e I 0.05 0.4 3124 1241.1 31 $31.74 

1.12 ~- G.21 1 0.25 3124 711 31 ~.21 

1.13 ----· 0.1 1 0.1 3124 1553 31 '48.42 
1.14 - 0.5 1 o.s 3124 1552 31 .... 42 

11.11 ,.._COOi,... In llochlow- o.s 1 0.1 3124 1552 31 '48.42 
T-lorllollonfhlo 11 I.I 21171 $120.02 

STATION SIX 

6.00 Assemble T- '" ents 
T•- T-0-rlpt. Houra -- UnhTolPHAS CluonlMv Tol.PHAS lloloC.-..HAI lllSCKS) 

l.01 
-...r _ _.._,_ 

1 2 2 41 12 31 '2.15 

l.02 -r- - o.s 2 1 41 41 31 ... 43 
l.03 LocoloondT -- o.s 1 o.s 3124 1552 31 $41.42 

1.04 Locoloontlt; -Soctlon o.s 1 0.1 3124 1553 31 $41.42 

I.OS Tool FM • 0.1 2 1 3124 3124 31 -.14 

I.OS Altoch 0.5 2 1 3124 3124 31 $91.14 

1.07 .__.Toww...._ ..... blv 0.25 2 0.1 3124 1552 31 $41.42 

l.OI 
.._ __ 

o.s 2 1 3124 3124 31 $91.14 

Tolol hlr Slollon Sbr 4.25 7.5 14111 M.40.08 

Production T-F-ollan Tololo .... 14.35 191715.4 t5 945.51 
...,••T-FolMlcollonTololo 0 85 114 15540 $414.14 

Production T-F-ollon T- 207435.4 "430.50 
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Manutacturing ol Had. 3paghelli Towers 

STATION SEVEN 
7.00 Assemble Cones @Texas 

TMllNumbor Tullllooc~DI. Hou,. P-.onla•d Unit Toi PHRS 

__ , 
Tol.PHRS Rao (SIPHR) ll&S(KS) 

7.01 Anembll Conlcll Flxturw I 10 ... "'° 29 $11.11 
7.0Z .......... Conlc11Flxtur9 1 z ... IZ 29 $2.39 
7.03 Locale. Trmm--' mc1-- - 3 • ... :ms 29 SJ.11 
7.04 lnolol Oulor Structunl RI- z 4 ... 194 29 $4.79 

7.05 Loc•eMdTIWW--'TowwSubua. 0.1 1 3124 3124 29 u1.22 
7.0I ln_T_S_btloo 0.5 1 3124 3124 29 -1.22 
7.07 ..._. ,.,. ............ 4 • ... 311 29 ... 57 

7.81 Dotormlno IH_,.lono ol Flt~"' T-. z 4 ... 194 29 $4.79 
7.09 lna'8lt fll..1-Towera 4 • 184 1472 29 $38.27 

7.10 
lnolol -·-..... 

3 I 184 1104 29 -.10 

7.11 ComnWe Ae.lllhlv of 111nn z 4 ... 194 ZI ...79 

7.12 Ubel MCI Store - 3 • 41 414 29 $10.79 

Tolll lar Biiiion - 30 13 10981 eo.15_14 

STATION EIGHT 
8.00 Test Subassemblles @Texas 

TMllNumbor Tull Doocrlpt. Hour. ,_ 
Unit Toi PHRS -nv Tol.PHRS R•o(SIPHR) ll&S(KS) 

1.01 Move R- to T ... St•lon 3 3 • ... 414 29 $10.79 
I.OZ lnetmll PholOlubee 11 z 32 41 1472 29 $38.27 
1.03 lnotolToot-- 11 z 32 41 1472 ZI $38.27 
1.04 ..... -Tnl .__ue I z 11 ... 731 29 $11.14 

1.05 Pertorlll "--loMI TMl:I 24 z 41 ... Z20I 29 .. .. 7.41 

l.OI Ralum Rinn to Sl:or-niua I 3 3 • ... 414 29 $10.79 

T-larSIMlan ~""" 78 141 1711 1174.IZ 

STATION NINE 
9.00 Assembly Fit-un @Texas 

TMllNumbor Tull llooc~pl. Hou .. -- UnhTol PHRS -·, Tol.PHRS R•o (SIPHR) ll&S(KS) 

l.01 Mova SubauembHn to Fl-uD Stand 40 3 120 ... 5520 29 $143.52 

I.OZ 
lnotol ___ 

40 3 120 ... 1520 29 $143.IZ 
1.03 ,_nlllonal Tnt 40 z 10 ... 3llO 29 $95.11 

T- lor Stalan Nino 120 320 14720 $38Z.72 

Accumulltad Ma-ar Coal 231157 S7 273.47 
p.,.onne1 Eftlcle-.v 1.25 $1.25 

Eollmalodll - 299822 $9.091.84 
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Note: The Central Membrane Will Require Temporary 
Bracing During The Installation Process 
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Jpstallatjog Manpower-Spaghettj Hadron Calorjmeter 

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

Millwrights 4 4 170 2720 22.35 $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 
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Spaghetti Hadron Calorjmeter Installation Equipment 

Eauipment Quantity Weiaht Units Unit 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 
Transoort 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 



00991.153 
DRAFfl 
September 15, 1991 

Spaghetti Calorjmeter 

IJnresolyed Desjgn 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 supponed 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. 

5. 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. 
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HAMAMATSU CORPORATION 
360 FOOTHILL ROAD• P. 0. BOX 6910 

BRIDGEWATER, NEW JERSEY 08807-0910 
TEL. (908) 231-0960 •FAX (908) 231-0405 

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

l"'Kll.C l.JUV 1'41 IVN 

EB910906 

?~EASE .... o.c.a.-e: - ..... 5 

"''-MBE"I '.\'l•!l:: .. :)RC:E:>1 ... G 

DATE 

Sentember 6. 1991 
YOUR INQUIRY OATEO 

PFIOPOSEO SHIPPING 0"TE 

see below 
TERMS •oa 

Fax: 615-574-7986 Net 30 davs Middlesex. 

L _J 
Ed Baro 

SALESPERSON 

TO BE SHIPPED VIA 

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

CONDITIONS: The pflces and terms on this quotation are not sub1ect to verbal changes or other agreements unless approved 1n wrttmg by the Home Office o 
the Seller. All quotations and agreements are contingent upon strikes. accidents. fires. availability of materials and all other causes beyond our control. Price. 
are based an costs and conditions existing on date of quotation and are subject to change by the Seifer before final acceptance. 

Typographical and stenographic errors subject to correction. Purchaser agrees to accept either overage or shortage not in excess of ten percent to b• 
charged for pro-rata. Purchaser assumes liability for patent and copyr1ght infringement when goods are made to Purchaser's specifications. When quotation spe 
clfies matenaf to be furnished by the purchaser, ample allowance must bB made for reasona/Jle spoilage and material must be of suitable quality to fac1/itar. 
efficient production. 

Conditions not specifically stated herein shall be governed by established trade customs. Terms inconsistent with those stated herein which may appear 01 
Purchaser's formal order will not be bmdmg on the Seller. 

QUANTITY 

10,000 R2490-05 - 2 inch, 
gain of 

OESCR1PTION 

fiie mesh, head-on PMT with 
10 at 0.8T 

Delivery is 90 days ARO for 150 pcs, 2 months 
200 pcs for the next 2 months, 300 pcs next 
1 month and 500 pcs per month till end. 

Above item is manufactured in Japan. 

"ORM J RAPIOFOAMS INC THOAOFAAE, NJ <J808&.!M99 

QUOTE VALID FOR ~3.._0,.__ DAYS. 

PRICE AMOUNT 

Estimated 
Ball Park Price 

$785.00 

TO CONFIRM ORDER, SIGN & RETURN PINK ACCEPTANCE COPY 
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HAMAMATSU CORPORATION 

TEllMS AND CONDITIONS 
THE ORDEll FOR THE 00001 !THE "GOODl"l IPECIFIED ON THE FACE HEREOF IS UPON THE FOLLOWING EXPllEll 1ERMS AND CONDITIONS WHICH TOGETHER WITH SAID 
ORDER SHALL CONSTITUTE THI INTH•E CONTRACT ITHE "CONTRACT"l IETWEEN HAMAMATSU CORPORATION ITHI "IELLER"I AND THE IUYlll ITHI "IUYEll"l SHOWN ON 
THE FACE HEREOF. 
I. TERMS AND CONDITIONS. AH terms ;1nd cond1•1ons r111a11n~ ro •he sale of the Goods or r"ndermg ot services by Seller <1•11 set forth herein, sub1ect to ch11nge bv Selle• without nOl•ce n11s Contrac1 
suoe•sedu Ruver·s o•def blan~ ::O'lf,.m.i1un 01 m11,,fo•d 'Ind any oilier con1•ac1 or conf,,mat•ori relahng 10 the GOOCls betweeri Buver. Seller. and any broker. agent °' emolovee ot enher pany. This Contract 
con1ams tl'le final and comtilete 1u;irffme"' IH!tween the oartoes and ther" fre no rep1esentahons or warranties. e•press Ot 1mphed. w•th respect to the Goods. e•cepl as sgec1f1c1lly se1 lonh hereil'I- Thos Con 
tract may not be cn1f'lged .>r tf'rmonated OFl11y. and nn change_ term1natoon or w11ver of anv provision hereof or of anv nl#ht hereunder shall be binding on Se!le1 unless n 11 m w .. ung and signed b\t a dulv 
author1z11d otf•cer of Sell11H No w11vl'1 b\t S.1111 of arw detau11 shall be t11emed a w;uver of anv subse~uent df'laull Failure of Seller to ob1ect to prov111ons COl'ltlmed on an.., order or other commul'l•Catoon hom 
S...yer sha'I "c>t be consirued as 11 waiver of 1'1v right N remedv ol Seiter hereundei. nor 1n 1ccep11nr;e of anv such provos•uns 
U. PRICl9 ANO PAYMENT. The P"Ces ;ind term!' nf tli1s ContF1ct are not sub1ect to any antoc:pauon or any d•scount. to 1n\t rebate O• mod1l1c1t>0n. or to an" trade custom. e•cept as snown Of' the face 
heieot NPtw1Uistaod1ng tti .. fo•ego1ng. 1n view of Sellfltr s fluctuatmg costs. r.u1rency fluctuat10l'IS, and othe• factors affectmg Seller. prices set forth 1n this Con!ract for the Goods are sub1ec1 to change b\t 
Seller lrom ume 10 time w1t'1out notice Uu!P.SS Oll"•rw1se 1nd1c111d on !he face hereot. e;,ch shopmel'll of tlil! Goods lwhether or not 1t 1s an installment sh1pmen11 must be paid for •n lull w1!h1n JO da\tS of tne 
csa·e of th011nvo1c'! to• s·•cli slllpr'1ent, sut>,ect to anv fl~hl of Seiler r:ontamec111'1 lli1s Coniract 10 demand earlier Pil\tmlnt 
HI. TAXES. All •a11fl1, •'TlOO" itnd e-on11 duloes. and similar 1mp0s1s and ta•es on !he Goods. whethei now eK1Sl•ng or he<eaft•r imposed or mod1f11td. and all manufacturers' 1a•es. use 1a•es. sales ta.es_ 0, 
taxes 01 d.i!•PS of anv nature whi1tSoe11f'• wn1ch milv be ;issessed aga1ns1 tn1s orde1. Shilll he added to 1tie pnce stiowt'I on the tace hereof and shall be p11d b\t Buyer. on the even1 Seller •S requ,.ed 10 pay any 
such ta• or duty. 1ne Buver shall rl!1mburse Seller tt1emfor on demand or, on ltf'lu of such Pilyment. sliall provide Seller at ll'le tome tne order 11 submitted w11h e~empuon cer11toca1es or other documents acceo 
table 10 ta••ng or customs autho11toes 
IV. CREDIT. Tti1s orc1e• 1s g1Ven anc1 accept~ sub1ec1 10 Seller's aoproval uf Buvei·s credit, determinable at an" tome and from time to tm11 bv Seller m 1ls sole 1uctgmenr. alfKt1ng the whole or anv ut'llulfolled 
po•!oon ol !l'hS Co·1tract_ Snller. •n 11!' ;olr.1u!'gmen1, ma' 11 an" •1me l1m11. moddv or cancel tne credo! of Buver both as 1otome and amount. and ma" demand and be en11tled 10 receive oayment •n cash before 
shipment or d'!l1vf!•v of the whole O< anv part or t~~ Good~ w1tl.o•Jt a!fect1ng thf! obltgat1on of Buyer 10 complete ttos Cun1ract Upon la1lure of Bu..,er ro m<tke any such payment ommec1•atelv upon demand. 
Seller Mav ta< eel the rema•n1ei of th·s ContrilC! al'd an" other contract the., e••stmgbetween Buvei and Sellei. ilnd m;,y sell all or any part of the undelivered Goods. without no11ce to Buyer. ii! oubhc or 
pn~ate ~ale l'loldmg 8uve1 liable tor ""V damage or lmancoal loss resulting 10 Seller bv reason theie<if 

V. DELIVERY. ,II.II Goods are sold F.O B. place of shipment. Transporta11or. to dest1natt0n is !he 1espons1b1hlv of Bu\ter. and Buyer alone shaM bear tne cost ot freight and insurance. P•\table b\t Bu..,er as 
bolled Unless spec1IK: 1nstruc11ons are given by Buyer. Seller will select. 11'1111sole1udgmen1. the method and route of sh•ment_ The delivery of the Goods to a earner and lhe issuance b\t 11 to Seller of a boll of 
!ad•ng or •ece1Pt. or the ma1lon!l of the Goods to Buyer or 10 another part\t designated b\t Buyer, shall be deemed to be complete delivery 10 Bu\ter of the Goods covered thereby, and the dale of the bdl of 
li1d1ng or rece•ot issued b\t the camer. or the date of m11bng b\t Seller to Bu\ter. st1alt be conclusive oroof of the dale of such delivery to Buyer. Seller's responS1bd11y shall terminate when the Goods are 
dehvered to the earner or wt>en 1he Goods ere delivered 0t mailed 10 Buyer or other party designated b\t Buver. and all r1&k ot loss or dam1ge tn tranStt shall tlierel.IC)On pass 1mmed1a1e1.., to the Bu.., er In cases 
ol concealed dilmage. such damage must be reported to tne deh\lefy carrier w11h1t'I l•ve 151 da\tS of del1ve,,,., and a concealed dam11ge report must be obtained from the camer 
VI. DEFERRED DE LIVI RY. All Goods on wl'llch delivery is deferred 11 tne reoul!Si of or because of Bu\ter. or on wl'llch deliver" •S deferred at the option ol Seller under an" of the provos1ons of this Contra.ct. 
shall be II !he r1s1i of the Bu\ter. Seller. 1n add1t1on to an" 01ner nghts or remedies ot ma.., hav'! nereunder. mily hold and for1nw1th invoice such Goods for 1mmed11te Pll\tment. Seller shall hold the Goods and 
re1a1n 1111e thereto as secufll\t for the 1nvooce value !hereof and for such other sums ill ma" then or thereal!er be due from Bu\tlr to Seller under ll'llS Contract or al'l\t other contra.ct between the oar toes. Seller 
shall hilve illl rights. remedies arid liens as an unpaid Seller ilS provoded 10< b\t I.aw. 11 Seller deters deliver" at the reQuesl of or because of Buyer or 111 Seller's opuon. and whether or not Seller bills 1he Goads as 
aoove provoded, Bu\t'!r shall be liable for all st0<age. 1nsuri1nce. handlmg and all orher charges or e•penses incurred b\t Seller b\t reasOI' ol the deferred a.41vlff\t as weM as l0t the on1erest on the Con1rac1 price 
of !he Goods It the rate ol e1gh1"'n 118%1 percent per annum. or. at Seller's sole OpllOt'I, at the highest r;,te of mterest per annum !hen being paid b\t S&lter 10 any party, from the 1nvooce date to date ol 
payment ol the mvooce. eu..,er shall pay such sums, from 11meto 11me. upon demand of !he Seller. At'°" tome wl'ltle Seller •S so holding the Goods. 11 may, on ots sole and absolute d1scret>0n. cancel an" c11d11 
te<ms e~tended 10 Buver 
VII. INSTALLMENTS. Oelrvltr\t of the Goods may be made 1n installments. A delaul! on anv payment b\t Buyer after delivery Of offer of deltvery of 111'1\t part of ins1allmen1 mav al the opuon of Seller be 
deemed a default in the en me Contract. Upon such def wit or upOI' '°"other default or breach ot this Contract b\t Bu..,er. Seller. a11ts option. by g1v1ng notice 1n wn1mg 10 Buyer of •IS election so ro do. ma" 
cancel th•s Contr;,ct and such otner contrilCIS as ma" •••St between Buyer and Seller. and10r ma" defer sti1pment or delivery ul'llol such default or bre;,ch 1s cured and1or ma" cancel any undehvered portions 
ot thos or such other orders 1nd1or mav demand 1mmed1111 pa..,ment of all outstandmg bdls ol Bu\ter. lt'I the event of any cancellat1on by Seller. Seller sheM have !he nghl to 1ecover damages aga1nS1 Buver by 
reason ot Buyer's default or prior breach of rh1• Contr;,cl and may sell all or an" part of the undelivered Goods w1thou1notice10 Bu\ter. ill pubhc or private sate. holding Bo\ter loable for an" damage or hnancoal 
'"SS resultong to Seller bv reason of Buvers default°' hreacn. 

I. PUBLICATIONS. Pubhcauon!I ae!lcnbmg Seller's products are intended fO be tvpteal of des1Qn. form filctor af!d Pllrformance. bu! 1n themselves do not cons111u1e a spee1hc offer to Sf'lil ,,., accordan.-:• 
, stated SD1c1foc;,t1ons: such pubbc.1t1ons do not bind Seller 1n """ wa" 

1.IC. APPROVAL BY IEUER. All orders ere sub1ect 10 approval b\t an authorized 0!11cer of Seller. no salesmal'l •S authorized 10 bind SeMer 
X. MINIMUM BIUING. AIL orders are subjecl to a monomum b1lhny of $ 2 5. e•clus•ve uf transportation or otner cos ls 
XI. ND QUOTATION. This os a Contract and not a Quotation unless tne word ''QUOT A T!ON'" is.marked on the face hereof. All Quota11ons are S<.>bpett to the 1erm1 and COl'd1t1ons of sale set tor1n nereon 
XII. FORCE MA.,,EURE: SHIPPING DELAY. Seller shill not pav Of be liable for an.., penillty or an" damages. either liquidated or otherwise. 10< 1;,te deliver" or 1nstaHat1on_ Sl'ltppmg dates are i1ppro•1ma1e. 
wnether or not soec1f1ca11.., set forth on the lace hereof_ Shopping daies are deoendent upon prompt receipt from eu..,er of all 1nforma11on necess•r\t for the prooer procesStng of Buyer's order. 1n 1he even1 
There 11 anv dela\t b\t Buyer m lurn1shmg complete 1l'll0tmat1on. lhe date of shipment may be e.iended for a reasonable time. 11k1ng into account Setler·s produc11on schedule. Seller shall not tie I.able for an" 
nonperformilnce or delav on the deliver" or shipment of Goods. or any other delav ,,., pertormance under this COi' tract. when such nonperformance or delay is caused direCtl\t or ondirectly bv anv cause be\tond 
Seller's reas?nable control twne1her or not now on con1emplat1on ot eother of tlie parties I. 1ntludong bul not limited to force maievre. acts of God. acts of Buyer. 51.,kes. labOt d1spu1es. epodem1cs. floods. 
Quaran11ne 11s1nctoons. c1v11 commouon. war, hostoht11s 1nsur1ec11on. not: rules. law. orders. i1Ct1ons. se11ures. reQu•Slhons. 1mon1tes. preferences. onstructions. regulatoOl's. res1r1c1tons or ac11ons of anv 
gowernment O• an" agenc" or subd1v1s1ot'I thereol: casualties. fires. accldlffi!S, embargoes. Quotas. transp0tta11on dela\ts: shortages of labor. materials. goods. fuel. power or 1ranspor1a11on lac1l1t1es: deten· 
loon of goods bv customs aufhont1es. smkmg of vessels. loss of goods 1n oubloc or Prtvate warehouses. or 1nabthty lo procure or delil\t 1n procumig materials. goods. labor or manulac1unng lacoht1es lrom 
Seller·s usUill sourc•s or 1n ots usual m•nner. In iln\t such event Seller snall have the right. at •Is election and without an" l1abd1ty to Bu\ter. to !ll cancel aM or an" POtllOl'I of this Con1rac1. or lbJ perto1m tn1s 
Cun1rac1 as so restricted or mod1foed. al'd Bu\tll Shall ;,ccepl such restricted or mod1foed perform¥1ce. or !cl perform tl'lts Contract within a reasonable 11me af1er the c;,use for nOl'l-performance or dela\t has 
terminated Delay on deliver" of an" mstlllm.!nt shall nol 11~eV9 Buyer of 111obl1gait1on10 accep1 sutlSIQuent deliveries or P•v for prior del1venes. 
XIII. PENAL TY OR DAMAGES. Seller wdl not pay or be hable for any penalty 0t damages of any kind. either t1QU1da18d or olherw1se. with respect to any order unless specofteally 1ppro11ed 1n wr111ng b\t "'' 
authortzed olf•cer of Seller 
XIV. STOPPING WORK OR CANCEUATION. In the event of a request 10 stop work or to cancel the whole or part of any oroer. Buyer shall make payments 10 Seller as follows: 

(al Any and all work that can be completed w11nm 30 da\ts from date of not1hc:a11on to stop worlo; on account of canceuat•on shall be completed. shopped. and paid for'" lull 
b For all ottier work 1n process and all matenals and supplies procured or for wh•ch definite commotmel'llS have been made b\t Seller 1n cOl'lnect1on with the order. Buyer shilll pa\t Seller upon demand au 

of Sellers costs. losses and e•penses. 1nclud1ng bul not l1m1ted to costs of materials. supplies. wages. overhead and cancellatton ol commitments. on connec11on woth 01 ans1ng out of stopping and redirec­
ting produc1•0r'I_ determmed m accorda-nce woth good accounting pr act tee, plus 15% of all such costs. losses and e•penses 
XV. PATENT INFRINGEMENT. Buve1 agrees to 1ndemmt.., Seiter from and against any and all claims. loss. cos1. dam• and e .. penses. 1ncludor'lg reasol'latile attorl'leys' fees. w11h respect to an" patent ,,.,. 
trongemenl claim 1r+s1ng oul of or in 1nv wa\t cOl'nected with <a) ~l1cation or use of the Goods. OI It.I Goods buolt b\t Seller 1n accordance with Buyer's de11gns 
XVI. DESIGN CHANGES. Seller reserves the right 10 make changes 1n lhe design of the Goods 1f such changes. 11'1 SeMer·s sole 1udgment. !Ind to improve the performance or otherwise benefit •he GOOds 
XVII. IMPROPER INSTALLATION OF MllAPPUCATION. Seller is nol re~n:oible for dam&91s 10 apoaratus or Seller's equipment 01 produc1s because ot 1mpreplf 1nstallat1on or mosaopltc:;,t1on of the 
GooO• 
XVIII. RETURN Of' GOODS. It Bu\ter wants to retum anv Goods: 

a 11'1 no case are goods 10 be returned without fors1 ob1a1n1ng Seller's wnnen perm1s51on 
b Goods bu111 to order ilre not subpect to telurn lor credo! under 1ny cucumstances. 

An" Goods returned without Seller's W'llten oerm1ss1on w1ll 1ema1n the property of the sender ilnd&Uer will not be liable tor Joss b\t theft. hre. Ot other damage 
All 1ral'lsportat1on char9es 1n connection with return are to be borne b\t Buyer 

e Goods musf be securel\t packed to reach Seller without damage. An\t cost incurred by tlie Seller 10 i:ul Goods 1n hrst cl1ss cOl'd1tt0n w1H be charged to Buyer 
XIX. GOVERNMENTAL REGULATIONS.\ II the Goods are. 0t nereafter become. sub1ec1 to governmental control. allocatlOI'\, regulat.on. 01 res11ic1101'1. the necessa"' and prcoer preference 111mg ce• 

hf•cate or cemf1ci11es will be s11pphed b\t Buver 
XX. PACKING. Pr1ces include SeHer"s s1andard packing for domestic shipments . .6.4d1tic>nal packing e•p1nses for ••POtt or special packing to meet Buyer·s spec1focat1ons woU bl p11d by Buyer upon 
d•mand 
XXI. SPECIAL INSPECTION ANO TESTING. Unless s:>ee•focallv set lortli '" 1hos Cont•act. 01ders requinng sp,ec11l 1nspee110l'I and testing are subject 10 smce acl1ustmen1 10 reflect the inc:reas~ cost 
XXll. SPECIAL ,UGI, PHOTDMASKI, DIES OR TOOU. RegarCless ·ot &l'ly ctiarges made IOI special 1ogs. photomaslts, dies or tools. such items remain the o<ODl!rtv ol Seller unless otherwise 
soecd1cally agreed. The" mav be d1soosed of when. tn Seller's ooonlOl'I, lhev have become obsolete. 
XXlll. IEWR NOT LIABLE: NO CONIEQUENTIAL DAMAGES. Seller shall no1 be liable for Buyer's costs, prospec1111e profits Of goodwtll, or for any Other special. indirect Of consequential damages of 
anv kond. nor shall reco11er\t or anv kond aga1ns1 Seller be g•eater on amount than the purchase price of the spec1hc Goods sold and causing the 11191;1ed damage. Buyer assumes. and Buyer shall hold Seller frff 
and hilrmless trom all rosk and b1b1blv IOI e•oense. loss.-damage or •ntur\t to p,ersOl's or prooerty of Buyer 0< olhers ar111ng ou1 of use or posseSSIOn of any Goods aold hereunder. 
XXIV. SUCCESSORS AND A9SIGNS. This Contracl and the co11enants herem contatnld shall be b<nd•ng uoon and inure 10 the benef•I of !he succenors •nd asaogns ol each Parl\t. exc119t that Bu..,er ma" 
no11sStgn this Contracl 1n whole or 1n part w11hou1 .he g.r10f wntlen consent of Seller. Seller may assign tni1 COl'llract tn whole or 1n oen. 
XXV. COCOM REGULATIONS. Some G'30ds ma.., be subtlCI to COCOM regulations. Buyer agrHS as one of the terms of purchaM not to export such Goon wtthout hiving obtained and l•eculed proper 
.... oort licenses from the Uo•led States. G-nment_ Funher. ii eu..,er requwes Seller to e•oort such Goods from the Umled States. Bu\ter agrees to lumtlh ltnQOrt Certilicatn and other documents n ""'"be 

1ired bv tl'le llfuted S111es Government 10 enabte Seller to obtam export licenses from the United S1ates Governmet11. In the event the Ur.led Stet• Government f.i. to grant an ••port license. Seller shell 
;onsoOe1ed blameless. and Bu..,er · s -oblogat10l'IS hereunder sttall remain uncharoged . 

.. JCVI. ACCEPTANCE OF GOODS. Buver snau 1nsoec1 !he Goods immedi1tl'l\t uc>on their arnv111I and shall w1thln five 151 days ol their am\11191119 wntten notice to Seller of eny claim that the Goods 00 !'IOI 
cot'lfOfm wott> the terms of th•s Contract. II Buver shall fad 10 giw such l'IOllCe. the Goods shall be deemed lo conform and Buyer shaU be bour'!d lo ace.pl al'ld pay fo.. tne GooCs tn accordance w1lh the terms 
of this Con1rac1 Bu\te< tKptesslv watves ""'I' nghts 11 may have 10 revoke acceptance alter such hVil 151 day penod 
XXVll. INVALID TERMI. If an" one or more of tne terms and concflt1ons ol 1h1s Contract should be declared 1f'l\tabd by a coun of law. such term Of 1erm1 :Iha" be conliaered dele!ed from this COl'llfact. and 
au other terms and c:ond1UOl'IS shall rem•n 1t'I fuU torce Ind eftect. 



Summac! u[ Stcuciucal a.ual1sis g[ Sga1r:bs:tii Uadcuo Calgcimi:li:c 

Support Scheme Loading Maximum Stress (psi) Max.Den. 
inch (mm) 

Segment. +>fiidiviaua••·.r«iwer.t\nlllysis+·· 

0.08 Simnle Beam (2 mm Wall Thk) Dead Wei11ht 15500 0.0895 (2.3) 

Simnle Beam (2/1.S mm W. Thk.) DeadWeU.ht 

Bottom of Rin11 Module Dead Wei11ht 1600 0 

Comoression 
Too Plate (2.5 cm thick) Distributed 1693 .0041 (.105) 

0.16 Simple Beam (5mm Wall Thk.) Dead Weight 15500 0.0895 (2.3) 

<J~Dff'RmeMOcl~.t\rial t OuterRin2 Inner Rin2 
0.08 Moment of Inertia (Ixx/Iyy) 90/90 10.9/0.244 

Area (in•2) . 4.33 

Ei1rht Point-Fixed-Outer Riu Dead Wei11ht 8000 15000 0.122 (3.1) 

Saddle (180 D..,,\ Outer Sunnnrt Dead Wei11ht 12000 24000 0.182 (4.6) 

SiDl!le Point-Bottom-Outer Rin11 Dead Wei11ht 90000 100000 0.85 (22) 

Ei11ht Point ·F"aed-Outer Rin11 Dead Wei11ht 8200 22600 0.165 (4.2) 
lOMt int'l 

0.16 Moment of Inertia (Ixx/Iyy) 90/90 10.9/0.244 
Area (in•2) . 4.33 

Eight Point-Fixed-Outer Ring Dead Weight 9000 18000 0.102 (2.6) 

?.K.i Ce!i**lllRfflli'~™11 .. 
Beam Loading 1040Mtons 2930 

Fastenen 1040Mtons 

Mark Rennich/Oak Ridge National Laboratory/9· 18-91 
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Pucooium Testing - John 8. Hinves 
for Charles Slark Draper Laboratory 
6June1991 

o/4191 Test Specimina 3,4,&5 Molded in Test Tubea 

6/5/91 Test Specimins Machined 

Spccimin Length (LOA) 
3 3.962 
4 3.956 
5 3.992 

616191 Test Specimins Loaded 

Specimin Length (LOA) 
3 3.886 

3.965 
3.954 
3.989 

3.888 
4 3.696 (Failure Started) 

0.893 
0.893 
0.888 

5 3.496 (Catastrophic Failure - 45 Plane Slip) 

Analysis 

Specimin 
3 
4 
5 

Specimin#4 
Modulus 

Length Diameter 
3.964 0.894 
3.955 0.893 
3.991 0.890 

Load Cbange 1200 to 2000 lb 
Displacement .01 in 

Stras 
Strain 
Modulus 

1273.5068 )Iii 
0.00252845 in/in 
503671.941 )Iii 

Area 
0.628 
0.627 

0.622 

Criticle Bucldin1 Load For Column (Euler Per) 
Pcrit 39740.9802 lb 

Muimum Stress (P/A) 
Specimin Load Rate Pmax(lb) Sult ()Iii) 

3 .Olin/min 2300 3661.332 
4 .2in/min 3660 5839.345 
5 2in/min 4980 8004.965 

Ur 
8.864 
8.854 
8.967 

Time(min) 
4.225 
0.65 

O.o75 

Diameter 
0.895 0.895 
0.892 0.895 
0.890 0.892 

F.S.L (lb) CRH Rate Cl:ITRate 
5000 .02in/min 2in/min 
5000 .2in/min 2in/min 

10000 2in/min 2in/min 

Displ (in) Strain (in/in) Strain Rate (1/min) 
0.085 0.0214 0.0051 

0.13 0.0329 0.0506 
0.15 0.0376 0.5012 



An:onium Testing - John B. Hinves 

For Charles Stark Draper Laboratory 
11June1991 

;n191 Test Specimina 6 & 7 Molded 

6/11/91 Specimins Machined 

Specimin 
6 

7 

6/11/91 Specimins Loaded 

Specimin 

6 

Length (LOA) 
4.31 4.304 

3.8S3 3.8Sl 

Length (LOA) 

4.203 4.20S 
7 3.48S (Catastrophic Failun: Started) 

Analysis 

Modulus 

Specimin 
6 
7 

Length 
4.307 
3.8S2 

Diameter 
0.89S 
0.893 

An:a 
0.629 
0.627 

Diameter 
0.894 0.896 

0.89 0.894 

F.S.L (lb) 
sooo 
sooo 

CRH Rate 

.OS in/min 
.Sin/min 

Specimin 

6 

Load Chg (lb) 

2000 
3S50 

Stress (poi) Deflection (in) Strain (in/in) Modulus (psi) 

3181.39S 0.0225 O.OOS2 608989.71 
7 5663.84S 0.0250 0.006S 81268S.30 

Maximum Stress (PIA) 

0.894 

0.896 

CHTRate 
2 in/min 
2 in/min 

Specimin 
6 

Load Rate 

.OS in/min 

.Sin/min 

Pmax (lb) 
2725 

41SO 

Sult (poi) 
4334.6Sl 

6621.llS 

Time (min) Displ (in) Strain (in/in) Strain Rate (l/min) 
227S 0.1138 0.0264 0.0116 

7 0.3S 0.1750 0.0454 0.1298 



Arconium Testing - John B. Hinves 
For Charles Stark Draper Laboratory 
11June1991 

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

3 3661332 0.0051 
4 4334.651 0.0116 

5 5839345 0.0506 

6 6621.115 0.1298 
7 8004.965 0.5012 

Stength vs. Strain Rate 
Arconium Specimins 6/11/91 
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PAI T01 
ATTN1 
PIOM1 
DATii 

SUIJECT1 

CH!IL!B RTAII DIAPIR LABORATORIES 
FrtAJrCOII Afll 
CBUCI ffUltJ,IUT, BI CROM CORPORATIOlf 
5 SIPTBMBll 1991 

lllJICITAIY PROPOSAL FOR SCINTILLATINC FIBERS VOi THI 
"GRM" COLLAIORATION. 

Thi• ••timate i• for bud11tar1 purpo1e1, It repr•••nta ~h• work 
of •••eral peopl1 at licron :Lncludinl •1••1f, ~h• two 11n1or 
1n1ia•1r1 which hlYI btan a11i1n1d to our fiber proaram for th• 
la1t three year1, our latin1erin1 M1na11r and our accouating 
department, W• con1id1r thi1 tn ht a 11r1ou1 11tim1t1 with a 
hiah dear•• o! accuracy. 

W1 propo11 to pro•idt the followina 1004• and ••~•ic111 

6,000,000 met1r1 of 3 •• dia. Type 11-1 1cintillattn1 fiber• cut 
and 111eabl1d into 31 124 "preform" 1ub1111mblit1 11 d11crib1d 
b1low. 

Total Pricet t7,6Dn,nnn 
FOB Jrevburfr Ohio 

The preform• would c:a111:L1t of 3600 1nd~v1dual f:Lbtr• i1111rt1d 
into a ••• of pr1ci1:Lon drilled mttal plat••• Th• hole P•ttern 
would bt a 60 11 60 utr:Lx. The 11t of pl11t11 vo111d hf C"lo11 
1t1ck•d to11th1r r111mblin1 " 1ln11e un:LC w:Lthout 1p1c11 b1tv••n 
th• l171r1. Tbe fib1r1 would b1 preci1:Lon cut to var:Loue leaath• 
4tpeadiaa on their pol:l.tion in the a1ae•bl1, Th• r.1ntr1t fib1r1 
would be the .. 11:1.aua lenath, 11nd th• f1hl'~~ voutd b• 1hort1r 11 
their po1ition 11 cln11r to tht •411 of the arr17. The f1n11l 
a111mbl1 would r111mble 1 truncated prr111id, Ono end of each 
fiber vnuld bl modifi1d to a 1li1htly 11r1er 4iam1t1r too prevtnt 
1t1 f1llin1 throuah :Lt• hole when thl 111tMblr 11 h1ld 1n th• 
fibtr• hanA Yertica11y with chi lar11r 1nd of tht 1rr17 at the 
top. Tht lon111t fiber :Ln •~ch preform would bt 1b~ut 220 cm 
l11r.h pTl'fnT•111 wot11 d he par:lcaatd in an indJ.v!.dua1 wood era'Ce wi'h 
th• pr1ci1ian plate 1tack 1till in it• eondenced confiauration. 

Del:l.Yerr would t1k• about twenty month• with the firat •••emblt11 
b1in1 1hipp1d about five month• att•r receipt ot order. 

CONPIFIKCl...tJl.MASf PJORViXIQM COST 1rrIQIIKCI 
llcron ha• recent 1 coap et•d an Sill Pha11I d1velop••nt 
project in wbich the a1jor t11k w11 th• d1Y1lopm1nt of • m111 
production •r•t•• for manuf acturina larae ~uantitl11 of 
1cint:Lllat:Ln1 and w•••1u:ld1 optic:a1 t1h11r11 fnr 1111' t11 th• ssr.. 
Main elt•enta of thit inv11ti1ation included the follow:Ln11 

Total factorr l11out 
Large volvme aonomer puritica~ion aod 1tor111 
Po11aeriaation 111tea d11i1n ta 1chi1Ye hi1b throuahput ind 

qvaltt7 con1i1tenc, 
Kiah 1p11d fib•r fabrication 



~jor protot1p1 proc111 tquipatnt va1 coa1tructtd and 
1ucce1afult1 op1r1tt4 1 and 1oat compoa1at1 for th• final 
operation var• procurr1d. 

Our 11timat•• of th1 v1riou1 co1t !actor1 in thi1 propo11l at• 
baaed on our ••perienct fro• th• SIIR vork which 11 now btina 
continued vith licron iaterna1 tundinl• 

M•JO.l .. Q.PU. JUMllD fhl2'' rggrosAL 
A. J•Y .• K,r;,,wll,1l ov1a.c11 vert atilt tor all for11t11ll• 

•fficitncy probl••• includin& potential impact of 
inttraat1ona1 ttn1ion1 tfftctina pttrol•u• tupplitt and 
unprtdictablt difficulti•t in 1c1rtin1 up the full volu•t 
171ta• required tor thi• proaraa, 

I, Llksi;.1 4 full 1adeptn4ent f1ctor1 op1r1tina around the clock 
ii enYiaioaed, P1rtona1l oonatd1r•tion1 iacludtd 1ucb f1ctor1 
1p1ci11 aaiatenanc• 1t1ff, dt4ic1t1d ••~•••••nt, traiainf 
••P•••••• 114 iapect of 1ffici1aci11 on total labor rtqu rad, 

C, lagt9r1 o!ttk•a411 411 atandar4 and 1p1ci1l factory 
011rh11d1 for the tatirt ti•• of dt41catt4 optrttioa w1r1 
111clud14. All 001t1 w1r1 1cc1111111lar.•d ia a 11ro-b111d 
calculation. 

D. Sp•Q~ 11ptprr l9yip11pt Co1t11 A aajor portion of tht 
factory coaatructioa ••P••••• 1r1 1lloc1t1d 111tn1t thit 
project, l111on1 for thi1 includt th• fact that th• factory 
•• oon1truct1d will bt lliahlr 1p1ciali~Pd with v1r1 little 
opportanity for coat r1c0Ttr1 111~• fro• 1ptci1l ICC projoctt 
like thil oat, A 11coad r111on it that 1 1peci1l ••t of 
equipment for ••••ably of tht "praformaw vili bt aonttruct•d 
with th• particular co1t1 fully allocated htre. 

z, J.1.~cial Preform. A•Jt•l!ly 15uta1w1 .. ~J '!'ht conotpt for thia 
equipatat it 1lr11 J v1ll•r~fiii1d 11 th1 outoo•• of a 
•••Cina of four 1aab1r1 of th• Btcroa ttchnical 1t1ft, each 
p1r1on hevina 011r 20 7e1r1 :Ln ma11vf1ctur1n1 proc••• dt11an 
froa a •1ri1ty of backatoun4•• lach 1natru•tac would ln1p1ct 
th• !ibtr 11 it :La aade on tht coatin111111• ri b•r 11n•• 114 
reject :LI: 1C appropr11t1, Good fib•r would b• cut t:o th• 
•ppropr:L1t1 l1111th1 1 11111rttd 111 cht approprt11t1 hol11, anti 
a.lttrtd to bavt • 11r1• "b••d". It VOtt\d bt I CO•plltft• 
controllod 111t••• Tllr•• •11t1a1 would •• conotruoted with 
on• kept 11 r111rre for br11k4ovna. 

ADDl't~OliAJ.i .. .!l.0.11IHAlliXll 
Cont1n11nci11 thaa S C plann•r• pr•!•r to add on n••d not •~c••d 
tta percent 1inc1 1i1aificant contin91nci•• hAVt b••n foctortd 
into tbt 1~ovt prict1. 
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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 



Load vs. Time 
Arconium Specimin #6 Tested 6/12 - 6/14 
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Load vs.Time 
Arconium Specimin #6 Tested 6/12 - 6/14 

7 

'""' a 6 181 '-" 
'e 

181 

!;':! 
0 

....i 
c: s 

....i 

181181 

4 

3 '--~--'-~~--'-~~--'-~~-'-~~"'--~----'~~----'-~~-'-~~--'-~---' 
-1 0 2 3 • s 6 1 a 9 

Ln Time (min) 

181 Data _ lny = - .43079 * lnx + 7 .2464 



7 

6 

........ 

.0 s -'-' 
"O 
(II 4 
0 

...:l 

.5 3 

2 

Load vs.Time 
Arconium Specimin #6 Tested 6/12 - 6/14 

0 ~~~~~~~~~~~~~~~~~~~~~---'-~-"--~~----' 
-s 0 s w ~ ~ 

Ln Time (min) 

C!I Data _ Jny = -.43079 * lnx + 7.2464 



Arconium Testing - Joba B. Hiaves 
For Charles Stark Draper Laboratory 
18 June 1991 

;pecimia #6 A= .629sqia 
Tested 6/U - 6/14 

Load & Streu Relualion 

Time 'min} LNTime Load Clbl La Load Stress {2si} Regr. Line 

0.00 2850 1.9551 4531.00 Regressioa 011tpv.t: 

0.50 -0.6931 1550 7.3460 2464.23 7.54SO Coastaat 7.2464 

1.00 0.0000 1280 7.1S46 203498 7.2464 Std Err of Y Est 0.0902 

2.00 0.6931 1100 7.0031 1748.81 6.9478 R Squred 0.9936 

3.00 t.0986 980 6.8876 1558D3 6.7732 No. of Observations 33 

4.00 t.3863 860 6.1569 1367.25 6.6492 Degrees of Freed-om 31 

5.00 t.6094 115 6.6529 1232.11 6.5531 

6.00 t.7918 700 6.5511 1112.88 6.4746 X Coefficieat(s) -0.43079 

7.00 1.9459 655 6.4846 1041.34 6.4082 Std Err of Coef. 0.00623 

8.00 2.0794 616 6.4232 979.33 6.3506 
9.00 2.1972 584 6.3699 928.46 6.2999 SLOPE• -.43079 

10.00 2.3026 551 6.3226 885.53 6.2545 TIME CONST ... 2321 m.ia 

13.00 2.5649 380 5.9402 60U3 6.1415 

20.00 2.9957 335 5.8141 532.59 5.9559 

40.00 3.6889 266 5.5835 422.89 5.6513 

50.00 3.9120 245 5.5013 389.51 5.5612 

60.00 4.0943 229 5.4337 364.07 5.4826 

70.00 4.2485 216 5.3153 343.40 5.4162 
87.00 4.46S9 208 5.3375 330.68 5.3226 

91.00 4.5109 207 5.3327 329.09 5.3032 

100.00 4.6052 200 5.2983 317.97 5.26111 

112.00 4.7185 191 5.2523 303.66 5.2138 

120.00 4.7875 187 5.2311 297.30 5.1840 

126.00 4.8363 180 5.1930 286.17 5.1630 

354.00 5.8693 100 4.6052 158.98 4.7180 

476.00 6.1654 93 4.5326 147.85 4.5904 

1209.00 1.0915 15 4.3175 119.24 4.1889 

1389.00 7.2363 70 4.2485 111.29 4.1291 

1487.00 7.3045 58 4.0604 92.21 4.0997 

2536.00 7.8383 44.5 3.1955 10.15 3.8698 

2630.00 7.8747 45.5 3.8177 72.34 3.8541 

2671.00 7.8902 49 3.8918 77.90 3.8474 

2808.00 7.9402 45.5 3.8177 72.34 3.8259 

2952.00 7.9902 43 3.7612 68.36 3.8043 

298095199 8 Yean 3.8001 

8103Jl8393 9 0.015 3.3693 

22026.4658 10 0.042 2.9385 

59874.1417 11 0.114 2.5077 

162754.791 12 0.310 2.0710 

442413.392 13 0.842 t.6462 

120Ui04.28 14 2.288 t.2154 

3269017.37 IS 6.220 0.7846 

8886110.52 16 16.907 0.3538 

14650719.4 16.5 27.874 0.1384 

19776402.7 16.8 37.626 0.0092 

20115912.S 16.82 38.386 0.0005 



Si lnllut Nlllm Qi.1112111 llnit Comment 
Spaghetti Calorimeter 
Lead Shot Fill~ (61 %) 

PBLAMI 1.7798432 
L SNLAMJ 1.1566088 
L CDLAM .72589595 
L Bil.AME 3.8701531 
L F .39 Percent Eutectic 
L METAil 21.550719 
L PLASLA .27107823 
L TOTALA 21.279641 Unit Lambda Length 
L TOWER 200.66701 Heigth of Towers 

1.67 EMLAM 
.6 STRLM Percent Structure 

L .61 SHOTPE Percent Lead Shot 
L SHOTI..il 10.426432 



s. &ilk 
* PBLAMBDA=(l94/l l.35)*.267*F 
* SNLAMBDA=(l63n.3I)*.133*F 
* CDLAMBDA=(l61/8.65)*.IO*F 

'ULAMBDA=(l 94.5/9.8)* .50*F 
• SHOTIAMBDA=( 194/l l.35)*SHOTPERCENT 
* METALLAM=(PBLAMBDA+SNLAMBDA+CDLAMBDA+Bil..AMBDA+SHO'ILAMBDA)*6/5 
* F=(l-SHOTPERCENT) 
* PLASLAM=MEI'AILAM/79.5 

* TOTALAM=MEI'ALLAM-PLASLAM 

* TOWERLGH=(l l.7-EMLAMBDA-STRLAMBDA)*TOTALAM 



Itemization of Spaghetti Calorjmeter Wejghts: Lead Shot filled 
s eamentation: 0.08 
Item Quantity Count Unit Wah 

MTons Ea Ka 
Eutectic 727.12 
Lead Shot 1373.22 
Outer Rings 83.94 
Inner Rinas 6.73 
Sheaths 188.12 5168 36.4 
Fiber 28.47 

Total 2407.59 

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



Section III 

Liquid Scintillator Calorimetry 

A. General Arrangement Drawing 

B. Mechanical Parameters 

C. Costing Summary 

D. Costing Details 

E. Design Description 
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TOTAL 11.73 :>.. 

Liquid Scintillator Hadron Calorimeter ( Version 0.06-1 ) 
Barium Fluoride EM Calorimeter 
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Preliminary 

GEM Parameters 

LIQUID SCINTILLATOR HADRON CALORIMETER 

VOLUME 214.4 METERS CU. M•3 

NUMBER OF CHANNELS 26100 Each 

TOT AL WEIGHT Metric 2028.7 Mtons 
WEIGHT OF LEAD ABSORBER 1812.6 Mtons 
WEIGHT OF STRUCTURAL COMPONENTS 173.4 Mtons 
WEIGHT OF SENSE LAYER BOXES 42.7 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 LA YER 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 

TOT AL 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 



11jgujd Sejptjllator Hadron· Calnrjmeter 0,08-Cost Apalysjs 

Cata11orv Tot Uts $KIUNIT Units Total Cost 

1.00 Modules 
1.10 Lead 1812 $1.00000 Mtons $1,812 
1.20 Fiber l.34E+06 $0.00035 Meters $470 
1.30 Shrouds 256 $6.61400 Each $1.693 
1.40 Travs 129700 $0.00200 each $259 
1.50 Liouid Svstem 256 $2.50000 each $640 
1.60 Cal. Sources 607000 $0.00015 each $91 
1.70 Paintin11 $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 InnerRin,,. 12033 $0.00800 Each $96 
4.20 Sunnnrt Gussets 24356 $0.00500 Each $122 
4.30 Tie Bars 48 $0.20000 Each $10 
4.40 Suonort Tube 235200 $0.00400 Each $941 

5.00 Assemblv 
S.10 Ass &Test 1.157 $0.03100 MW tower $13.000 
5.20 Toolin1 $2,840 
S.30 Lead Proces.sinlf 1923 $0.35000 Mtons $673 

6.00 Thermal Cont $980 

7.00 Testin1 !i:'l~Cllll 

8.00 Installation 
8.10 Install. Manp 14356 $0.02700 MH $388 

8.20 lost. Toolinlf !i:2 500 

9.00 Sbiooin1 $500 

DIRECT COST $40,609 
EDIA 2591. $10,152 

BASE COST $50,762 
CONTINGENCY 2591. $12.690 
SUBTOTAL $63.452 
R&D 1191. U.980 

TOTAL $70,432 

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



00991.082 
Draft2 
September 20, 1991 

Justification for Liquid Scintillator Cost estimate: 

The preliminary cost estimate for the !quid scintillator hadron calorimeter is based on the parameters 

shown in the attached Parameters spreadsheet. The assembly is based directly on the L3 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 Hertmg at the University of Illinois. The quoted otder was 

for 20,000 meters 

1.30 Shrouds 

RE: Figure LS.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 lb 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/Lb) and does not 

include assembly which appears in Section 5.00. 

1.50 Liquid System 

RE: Figures LS.03.RD.00Cll8 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 a 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 PMTs 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 lbs. 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/Jb. 



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/lb. 

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 meteB long. The average cost is estimated $200 ea, or 

$50/lb 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/lb. 

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 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 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 PMTs. 

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 L3 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 $2.5M is based on the FIT estimates of$ l,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 tube on temponuy rails (Drawing to be prepared by Qiff 

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 lisL 

8.20 Installation Rails 

Re: Drawing No. to be prepared by Cliff Eberle 

The rail system is calculated to weight approximately (j()(),000 lbs. It will be fabraicated from 

structural steel and assembled in place. The assumed cost of the structure including fasteners is 

$1.50/lb. 

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 liquid 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 I I% was suggested by the Theriot panel. The same number was used throughtout the 

GEM calorimeter comparative costing review. 
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Liquid Scintillator Hadron Calorimeter 
Sampling structure scheme 

Cleo.ro.nce 
60 MM 108 MM 

[ 
Support tube 60 MM 

142 MM 

R 3600 MM 

' R 1400 MM 

-•t--- O.J6 A. 

• 

[ 
20 MM Fe (wo.ll) 

0.12 A. 

19 lo.yers 
Coo.r5e 50.Mpling 

40MM/Plo+5MM/lS 
4.34 A. + 0.1 A. 

40 lo.yer5 
... Fine 50.Mpling 

• { 

• { 

20MM/Pb+5MM/LS 
4.57 A. + 0.20 A. 

40MM Fe 
0.24 A. 

E -M co.loriMeter 
1.8 A 

TOTAL 11.73 A 

Apb = 175 MM 

A re = 168 MM 

A Sci = 1000 MM 
, 
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INSTALLATION ROLLERS ON END BARREL 
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RENNICH 



ANALYSIS OF LIQUID SCINTILLATOR FEED AND DISCHARGE 
PIPING 

REFERENCE: CHEMICAL ENGINEERS HANDBOOK, FIFIH EDmON: PAGE 5-21. 

A. PIPING REQUIREMENTS: 

1. Each tower will have individual control. 
2. Control valves will be accessible for maintenance and replacement. 
3. Piping will be copper or stainless tube of a commercially available size. 
4. The minimum number of mechanical connectors will be used to avoid potential leaks. 
5. Accumulators and controls will be located outside the detector. 
6. The lines to the central detector area must be as small as reasonably possible. 
7. The liquid scintillator is assumed to be mineral oil. 

7 

8. 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 
bane! 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**2 x g x P x 0**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 cm 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. 

q= .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. 

8 
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version I 38 slope=33.09 sampling r= 32.54 sampling n= 27.26 dead area = 4.42\ wall area= 8.90\ 
Thickness• 90 (la•bda), 1.74 (al - - -

saaplinq - 26 planes 
1aaplin9 •~ - 19 planes 

Ku•ber of strai9ht tray types : l 
type I 1 89.6'l••I x 89.,6(••1 

Phi-sizaz of •spacial• trays : bi9• 99.39(••), saall• 79.92(••) 
Z-siza : 8 x 89.66(••) 

aodlThick(a/la•ll dead/wall I Kcall 1Rsapl/Rsap21 Saaplll Zsize IRtsl Rxl( Hz jSlopel X•in I X•ax I Zcelll 
16 I 1.14/ a.9o I t.42/ a.901 2687 I 26/19 I 21.26 I 600.9 I l I 6 I a 133.091 19.661 &9.661 19.661 

••••••••• S T R U C T U R E ••••••=••••••• 

pl I 1 A-side : R=1478.0(aa), Size• 557.4(••1, Spacer• 0.00 
a-side : R•1527.0(aaJ, Size= 576.9(••1, Spacer• 0.00 
Ru•b•r of cells type 11 A-side : 0 a-side : 2 

pl I 2 A-side : R•l461.6(••1, Size= 550.9(••1, Spacer• 0.00 
B-side : R=1559.5(••), Size• 589.8(aal, Spacer• 2.59 
Ruaber of calls type 11 A-side : O a-side : 2 

pl I l A-side : R=1445.2(aal, Siz•• 544.4[••), Spacer= 0.00 
a-side : R=l592.0(aal, Size• 602.8(••], Spacer• 5.18 
Ruaber of cells type 11 A-side : 0 B-sida : 2 

pl I 4 A-side : R=1477.8(••1, Size• 557.3(aa), Spacer• 0.00 
B-side : R=1624.6(a•], Size• 615.7(aal, Spacer• 7.77 
Huaber of calls type 11 A-side : O a-side : 2 

pl I 5 A-side : R•1461.3(aa), Size• 550.8(••), Spacer= 0.00 
B-sida : R•1657.1(••1, Size= 628.71••), Spacar•l0.36 
Ru•ber of calls type 11 A-side : O a-side : 2 

pl I- 6 A-side : R=1444.91••), Size= 544.21••), Spacar•l9.12 
B-sida : R•l689.7(••), Size• 641.6(••1, Spacar•12.94 
Ru•b•r of calls type 11 A-side : 1 B-sida : 2 

pl I 7 A-side : R•l477.5(aa), Si••• 557.2(••1, Spacer=22.36 
B-sid• : R•1722.2(aaJ, Sia•• 654.51••1, Spacer=15.53 
Ruaber of calls type 11 A-side : 1 B-sida : 2 

pl I 8 A-side : 8•1461.l(••I, Size• 550.71••1, Spacer• 2.55 
B-sida : R•l754.7l••I, Size= 667.51••1, Spacer= 0.16 
Ruaber of calls type 11 A-side : 2 B-sid• : 3 

pl I 9 A-side : R=1444.7(aa), Size• 544.l(aa), Spacer• 5.13 
B-sida : R=1787.3(aa), Size• 680.4(••1, Spacer• 2.32 
Ruabar of cells type 11 A-side : 2 B-sida : 3 

pl 110 A-aid• : R•1477.2(••), Size• 557.l(a•), Spacer• 7.72 
B-side : R•1119.81••1, Size= 693.4(••1, Spacer• 4.47 
Ruabar of cells type 11 A-side : 2 B-sida : 3 

pl 111 A-side : R•l460.l(aa), Size= 550.6(••), Spacer•l0.31 
8-sida : R•l852.4(aal, Size• 706.31••), Spacer= 6.63 
Ru•bar of calls type 11 A-side : 2 B-sid• : 3 

pl 112 A-side : R•l493.3(aa), Size= 563.5(aa], Spacar•l2.90 
B-sida : R•l884.9[aa], Siz•• 119.3[••1, Spacer• 8.19 
Ruabar of cells type 11 A-side : 2 a-side : 3 

pl 113 A-side : R•l525.91a•), Size= 576.4(••1, Spacer•15.49 
B-side : R•1917.4laa}, Size= 732.2(aal, Spacar•l0.95 
Ru•bar of calls type 11 A-side : 2 B-side : 3 

pl 114 A-side : R•l558.4(aaJ, size• 519.4(••1, Spacer• 0.12 
8-side : R=l950.0(a•), Size• 745.21••1, Spacar=13.10 
Ruabar of calls type 11 A-side : 3 a-side : 3 

pl 115 A-side : R=l591.0l••I, Size• 602.3(••), Spacer= 2.28 
8-sida : R=1982.5(aa), Size= 758.ll••), Spacer= 0.27 
Ruabar of calls type 11 A-side : 3 a-side : 4 

pl 116 A-side : R=1623.5f••I, size• 615.31••), Spacer= 4.44 
8-sida : R=2015.l(aa), Size• 771.l(aal, Spacer= 2.12 
Ruabar of calls type 11 A-side : 3 e-sida : 4 

pl 117 A-side : R•1656.0[aa], Size= 628.2(aa], Spacer• 6.60 
B-side : R•2041 .. 6[aa), Size= 784.0(aa), Spacer= 3.97 
Ruaber of calls type fl A-side : 3 B-side : 4 

ol 118 A-sid• : R=1688.61•al. Siz•= 641.21••1. Soacar= 8.75 

Bound 11• 0.00(••) 12• 0.00(••) Rcell(phi)= 0 Rcell(z)• O 
Bound 11• 94.52(••) 12• 99.39(••1 Kcell(phi)• 2 Rcell(z)• 1 

Bound 11• 0.00l••l 12= 0.001••1 Rcall(phi)= 0 Rcell(ZI= 0 
Bound 11• 19.66(••1 12= 99.39laa) Rcell(phi)• 2 Rcall(z)= 2 

Bound 11= 0.001••1 12• O.OO(aal Rcell(phi)• 0 Rcall(z)= 0 
Bound 11= 84.791••1 12• 99.391••) Rcell(phi)= 2 Rcall(z)• 3 

Bound 11= 0.00(••1 12= 0.00(••1 Rcell(phiJ= 0 Rcell(I)= O 
Bound 11• 84.79(••) 12= 99.39faal Rcelllphi)• 2 Rcell(z)= 3 

Bound 11= 0.00(••1 12• O.OO(aal Rcell(phi)• 0 Hcell(z)= 0 
Bound 11• 79.92(••1 12• 99.39(••1 Rcell(phi)= 2 Rcell(z)• 4 

Bound 11• 94.521••1 12= 99.39(••1 Rcell(phi)= l Hcell(z)= 1 
Bound 11• 79.921••1 12• 99.391••1 Hcall(phi)= 2 Rcell(z)= 4 

Bound 11• 94.52(••1 12• 99.39(••1 Rcall(phi)= 1 Rcell(Z)= l 
Bound 11• 79.92(••) 12= 99.391••1 Rcall(phi)= 2 Rcell(z)= 4 

Bound 11• 89.66(••) 12• 99.39[aa) Rcell(phi)• 2 Rcell(Z)= 2 
Bound 11• 79.92(••1 12• 99.39(••1 Rcell(phi)• 3 Hcell(z)= 4 

Bound 11= 84.791••1 12• 99.391••1 Hcell(phi)• 2 Hcall(z)= 3 
Bound 11= 79.92(••1 12• 99.391••1 Rcell(phil= 3 Ncall(zl= 4 

Bound 11• 14.79(••1 12= 99.391aa) Ncall(phil= 2 Ncell(z)• 3 
Bound 11• 19.92(••1 12= 99.391••1 Ncall(phil= 3 Rcell(zl= 4 

Bound 11• 79.921••1 12= 99.391••1 Ncall(phil= 2 Hcellizl= 4 
Bound 11• 79.921••1 12• 99.391a•I Ncell(phil= 3 Ncell(z)= 4 

Bound 11• 79.921••] 12• 99.391••1 Rcelllphil= 2 Rcell(z)= 4 
Bound 11= 79.92(••1 12= 99.391••1 Ncolllphi)• 3 Ncolllz)= 4 

Bound 11• 79.921••1 12s 99.39(••1 Rcell(phi)= 2 Ncell(z)• 4 
Bound 11• 79.921••1 12• 99.39(••1 Rcell(phi)• 3 Rcell(zl• 4 

Bound 11• 79.92(••1 12= 99.39(aa) Rcall(phi)= 3 Ncell(z)= 4 
Bound 11• 79.921••1 12• 99.391aa] Rcell(phi)= 3 Ncall(z)• 4 

Bound 11= 79.92(••1 12• 99.39(••1 Rcell(phi)= 3 Rcall(z)• 4 
Bound 11= 79.92(••1 12• 99.39[aa) Rcell(phi)• 4 Ncell(z)• 4 

Bound 11= 79.92(••1 12• 99.39[aa] Rcell(phi)• 3 Hcell(I)• 4 
Bound 11= 79.92(••1 12• 99.39[aa) Rcall(phil= 4 Ncall(z)= 4 

Bound fl• 79.921••1 12= 99.39[aa) Hcell(phi)• 3 Hcall(zl• 4 
Bound 11• 19.92(••1 12= 99.39(••1 Rcell(phi)• 4 Hcell(1)= 4 

Bound 11= 79.921aal 12= 99.391aal NcelllDhi)• 3 Hcell(zl= 4 
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a-side 
Nu•' 

pl 141 A-t 
8-sid• 
llu•b•r 

pl 142 A-sid• 
B-sid• 
Ru•b•r 

pl 143 A-side 
a-side 
Ru•b•r 

pl 144 A-side 
&-side 
Ruaber 

pl 145 A-side 
a-side 
Huaber 

: R=3181.Sl••I, size•l235.1(••], Spacer= 
of cells type 11 A-side : 8 B-side : 9 
: R=2850.0l••I, size•1103.2l••l, spacer= 
: R•3143.7(••J, Size•l220.1(••1, Spacer• 
of cells type 11 A-side : 8 8-side : 9 
: R•2910.l(••J, Size=1127.l(••I, Spacer• 
: 8=3154.l(••J, Siz•=1224.51••1, Spacer• 
of cells type 11 A-sid• : 9 B-side : 9 
: R•2970.2l••), Size=ll51.0[••l, Spacer= 
: R•3166.0I••), Size=l221.9(••1, Spacer• 
of cells type 11 A-side : 9 8-side : 10 
: R•3030.3(••1, Size•1174.9(aa), Spacer• 
: 8•3117.11••1, Siz••1233.3(aa), Spacer• 
of cells type 11 A-sid• : 9 a-side : 0 
: R•3090.4(aa), Size•1198.l(••I, Spacer• 
: R•3139.3(••), Siz••1211.31••1, Spacer= 
of cells type 11 A-side : 9 a-side : O 

2.SS 

6.03 
4.54 

0.05 
6.54 

2.04 
0.30 

4.03 
0.00 

6.02 
0.00 

Bound 11• 79.92[••1 12• 99.39[••] Nc•lllphil= 9 ffcell(z)= 4 

Bound 11 9.92(••1 12= 99.39(••1 Ncell(phi)= 8 Ncell(z)= 4 
Bound 11= 79.921••1 12• 19.66(••1 Hcell(phi)• 9 Ncell(z)= 2 

Bound 11= 19.92(••1 12• 99.39(••1 Ncell(phi)• 9 Ncell(z)• 4 
Bound 11= 79.92(••1 12• 14.79(••1 Nc•ll(phi)• 9 Rcelltz)• 1 

Bound 11= 79.92(••1 12• 99.391••) Hcell(phi)~ 9 Rcelltz>= 4 
Bound 11= 0.001••1 12= 0.00(••1 Ncell(phi)•lO Rcell(z)• 0 

Bound 11• 79.92(••1 12• 94.521••1 Hc•ll(phi)• 9 Rcell(z)= 3 
Bound 11• 0.00(••1 12• 0.00(••1 Hcell(phi)• 0 Hcell(z)= 0 

Bound 11• 79.92(••1 12• 14.79(••1 Hcell(phi)• 9 Rcelltz)= l 
Bound 11• 0.00l••l 12• O.OO(aa) Bcell(phi)• 0 Rcell(z)= 0 

version 13500 slop••21.07 saaplin9 r• 30.90 saapling n= 27.26 dead area • 3.21l wall area= 9.17l 
Thickness• 9.15 (laabda), 1.72 (•I - -

aaapling 11 - 26 planes 
saapling 12 - 20 planes 

Ruaber of strai9bt tray tyres : 2 
type I 1 90.06(••1 x 105.211••1 
type I 2120.SO(aa) x 105.211••1 

Phi-sizez of •special" trays : big•112.67(aal, aaall• 91.191••) 
z-sis• : 6 x lOS.211••1 

aodlThick(a/la•ll dead/wall I Hcell 1Nsap1/Rsap21 Saaplll Zsi•• INtal Rxll Hz ISlop•I Xain I Xaax I Zcelll 
16 I 1.72/ 9.15 I J.21; 9.171 1177 I 26;20 I 27.26 I 557.4 I 2 I 5 I 6 121.071 90.061120.501105.211 

••••••••• S T R U C T U R E •••••••••••=== 

pl I 1 A-side : 8•1463.11••), Size• 551.51••1, Spacer• 0.00 
a-side : R•1512.6(••), Size• 571.21••), Spacer• 0.00 
Nuaber Of cells type 11 A-side : 0 8-aide : 0 
Huaber of cells type 12 A-side : 0 a-side : l 

pl I 2 A-side : R•1444.5(••), Si••• 544.l(aaJ, Spacer• 0.00 
a-side : R•1543.51••1, Size• Sil.Sia•), Spacer• 3.07 
Ru•b•r of cells type 11 A-sid• : O B-side : O 
Ruaber of cells type 12 A-side : 0 B-side : 1 

pl I 3 A-aid• : R•141S.4(••), Siz•• 556.l(••J, Spacer• 0.00 
B-aide : R=l574.41••1, Size• 595.l(a•J, Spacer• 6.15 
Nuaber of cells type 11 A-side : O a-side : O 
Ruaber of cells type 12 A-side : 0 a-side : 1 

pl I 4 A-aide : R•1456.7(••), Si••• 541.91••1, Spacer• 0.00 
B-side : R•1605.31aa), Size• 601.llaal, Spacer• 9.22 
Ru•b•r of cells type 11 A-side : O B-sid• : O 
Ruab•r of cells type 12 A-side : 0 a-side : 1 

pl I 5 A-side : R=l417.6(••), Size• 561.2(a•J, Spacer• 5.44 
8-aide : R•l636.2(••1, Size• 620.3(aa), Spacer•ll.29 
Huab•r of cells type 11 A-side : 1 B-sid• : O 
Ruaber of cells type 12 A-aide : 0 B-sid• : l 

pl I 6 A-side : 8•1469.01••1, Size• 553.l(aa), Spacer• 0.51 
B-side : 8•1667.llaa), size• 632.6(••1, Spacer• 0.37 
Ruaber of cells type 11 A-side : 0 B-side : 2 
Ruaber of cells type 12 A-side : 1 B-aide : 0 

pl I 7 A-side : R•l450.l(••), Sia•• 546.4(••), Spacer• 3.66 
B-sid• : R•1691.0(••), Size• 644.9(••), Spacer• 2.13 
Huaber of cells type 11 A-side : 0 a-side : 2 
Ru•b•r of cells type 12 A-aid• : 1 a-side : O 

pl I 8 A-side : 8=1411.2(••1, Size• SS8.7{aal, Spacer• 6.73 
a-side : R•l721.91••1, Si••• 657.2(••1, Spacer• 5.29 
Ruab•r of cells type 11 A-side : O 8-sid• : 2 

Bound 11• 0.001••1 12• 0.00(••1 Rcell(phi)• 0 Rcell(z)• 0 
Bound 11•107.741••1 12•112.67(••1 Ncell(phi)• 1 Hcell(z)= l 

Bound 11= O.OO(a•I 12= o.091aaJ Rcell(phil= 0 Rcell(1)= 0 
Bound 11•102.121••1 12=112.67(••1 Rcell(phi)• 1 Rc•ll(z)• 2 

Bound 11• 0.00(aa) 12= 0.00(••) Ncell(phil• 0 Hcell(z)= 0 
Bound 11=102.121••1 12•112.67(••1 Ncell(phi)• 1 Rcell(z)= 2 

Bound 11• 0.00{••1 12= 0.00(••1 Hcell(phi)• 0 Rcell(z)• 0 
Bound 11• 97.891••] 12•112.67(••1 Ncell(phi)• 1 &cell(z)• 3 

Bound 11• 0.00(••1 12• O.OO(aa) Rcell(phi)• 1 Hcell(I)• 0 
Bound 11= 97.191••) 12•112.671••1 Hcell(phi)• 1 Rcell(z)= 3 

Bound 11•107.74(••) 12=112.67(••1 Rcelllphil• 1 Rcell(I)• 1 
Bound 11• 97.89(••1 12•112.67(••1 Rcelllphi)• 2 Rcell(I)• 3 

Bound 11•102.121••1 12•112.67(••1 Ncell(phil• 1 &cell(z)• 2 
Bound 11• 91.191••1 12•112.67(••1 Ncell(phi)= 2 Rcell(z)• 3 

Bound 11•102.121••1 12•112.67(••] Ncelltphi)• 1 Hcell(1)= 2 
Bound tl= 97.19(••1 12•112.67(••1 Ncell(phi)• 2 Rcell(z)a 3 



.. _,,, ____ . - . - ----·- . - .. ~-. --· .... - ........... ". ' .... J ~ ........... , ... 1141"" ~ '11(.;8.L.L t z 1= ' Hu& of c•lls typ• 11 A-side : o B-side : 2 
Huaber of cells type t2 A-side : l B-sid• : 0 

pl 110 A-side : R=-149l.5(•a), Size= 56l.6[aa), Spac•r=l2.88 Bound 11= 97.89(aa) 12•112.67(••1 Rcell(phi)• 1 Rcell(z)a 3 
B-sid• : R•l790.7(a•), Size• 681.8(aa), Spacer=l0.20 Bound 11= 97.89(aa) 12•112.671••1 Rcell(phi)• 2 Rc•ll(z)= 3 
Ruaber of cells typ• 11 A-side : o B-sid• : 2 
Ruaber of cells typ• 12 A-side : l B-side : 0 

pl Ill A-side : R=-1524.41••1, Size• 575.81aa), Spacer= 0.84 Bound 11= 97.891••1 12::::11112. 67[••1 Hcell(phi)• 2 Hcell(z)= 3 
B-side : ll=-1821.61••}, Size• 694.llaa), Spacer"" 0.48 Bound 11= 91.891••1 12•112.61(••1 Bcell(phi)• 2 Hcell(z)• 3 
Buaber of cells typ• 11 A-aid• : 2 a-side : 0 
Ruaber of cells typ• 12 A-side : O a-side : 2 

pl 112 A-side : R•l555.l(aa), Sizez 511.l(aa), Spacer= 3. 29 Bound 11• 97.891••1 12=112.67( .. ) Rcell(phi)a 2 Rcell(l)z 3 
B-side : R•l852. 5(aa), Size=- 706.4(aa), Spacer• 2.94 Bound 11• 97.891••1 12•112.67(••1 Rcell(phi)• 2 Rcell(Z)= 3 
Ruaber of cells type 11 A-side : 2 a-side : 0 
Ruaber of cells type 12 A-side : 0 B-side : 2 

pl Ill A-side : R•l516.2faa), Size• 600.4(aa), Spacer• 5.75 Bound 11• 97.19(aa) 12•112.67(••1 Bcell(phi)::::11 2 Rcell(z)• 3 
B-side : R•llll.4(aa), Si••• 718.7(aa), Spacer• 5.40 Bound 11= 97.89(••1 12•112.67(••1 llcell(phi)= 2 Ncell(z)= 3 
Ruabet of cells type 11 A-sid• : 2 8-side : 0 
Ruaber of cells type 12 A-side : 0 B-side : 2 

pl 114 A-side : R•l617.11••1, Size= 612.7[aa), Spacer• 8.21 Bound 11= 97.89(••) 12=112.67( .. ) Rcell(phi)• 2 Rcell(z)= 3 
a-side : R•1914.ll•a), Size• 731.0(aal, Spacer=- 7.86 Bound 11• 97.191••1 12=112.67(••) Rcell(pbi)• 2 Rcell(Z)• 3 
Ruaber of cells type 11 A-side : 2 B-side : 0 
Ruaber of cells type 12 A-side : 0 a-side : 2 

pl 115 A-side : R•16t8.01••1, Sise• 625.0laal, Spac•r-=10.67 Bound 11• 97.891••1 12=112.671••) Nc•ll(phi):s 2 Hcell(Z)• 3 
•-•id• : R=1945.21••), Sise= 743.llaal, Spacer=l0.32 Bound 11• 97.89(••1 12•112.67(••) Ncell(phi)= 2 Hcell(•)= 3 
Huaber of cells type 11 A-side : 2 a-side : 0 
Buaber of cells type 12 A-side : o a-side : 2 

pl 116 A-side : R•l671.9{aa), Size• 637.31••1. Spacer• 0.95 Bound 11• 97.89(••1 12•112.67) .. J Hcell(phi)• 2 Hcell(z)= 3 
•-•id• : R•1976.1{a•), Size• 755.5(aa), Spacer• 0.71 Bound 11• 97.891••1 12=112.671••1 Rcell(phi)• 3 Hcell(z)• l 
Ruaber of cells type 11 A-side : 0 B-side : 2 
Ruab•r of e•lls type 12 A-side : 2 a-side : 1 

pl 117 A-side : R=1709.l(••I, Sia•• 649.6(••), Spacer= 3.41 Bound 11• 97.891••1 12•112.67(••1 Rc•ll(phi)• 2 Nc•ll(Z)= 3 
B-sid• : R•2007.0faa), Si••=- 767.l(aa), Spacer• 2.76 Bound 11::::11 97.19(••1 12•112.67(••1 Rcell(phi)= l Rc•ll(s)• 3 
Buaber of cells type 11 A-aid• : 0 B-side : 2 
Ruaber of cells type 12 A-1id• : 2 a-side : 1 

pl 111 A-side : R•17t0.7[aa), Sile• 661.9(••), Spacer• 5.17 Bound 11• 97.891••1 12•112.671••1 Rcell(pbi)• 2 Rcell(I)= 3 
a-side : R•2037.9(aal, Size• 710.l(••I, Spacer• 4.81 Bound 11• 97.89(••1 12•112.671••1 Hcell(phi)::::11 3 Rc•ll(z)= 3 
Huaber of cells type 11 A-1id• : 0 a-side : 2 
Ruaber of cells type 12 A-side : 2 a-side : 1 

pl 119 A-side : R•1771.5faa), Sile• 674.2(aa), Spacer• 8.32 Bound 11• 97.89(••) 12•112.67(••1 Hcell(phi)• 2 Rcelllz)= 3 
B-1ide : R•2061 .I laa), Sise• 792.41••), Spacer• 6.16 Bound 11• 97.191••1 12=112.67( .. ) Rc•ll(pbi)= 3 Ncell(•)• 3 
Buaber of cell• type 11 A-side : 0 a-side : 2 
Ruaber of cells type 12 A-sid• : 2 B-1ide : l 

pl 120 A-side : R•1802.4(••1, Sise= 686.5(aa}, Spacar=-10.78 Bound 11• 97.89(••1 12•112.67(aa) Scell(pbi):s 2 Rcell(Z)= 3 
a-side : R•2099.7(aa), Sise• 104.7(aal, Spacer'"' 8.90 Bound 11::::11 97.191••1 12•112.67(••) Hcell(pbi)• 3 Hc•ll(z)ss 3 
Ruaber of cells type 11 A-sid• : 0 B-side : 2 
Ruaber of cells type 12 A-side : 2 a-side : 1 

pl 121 A-side : R•1833.l(aal, Sile• 698.81aaJ, Spacer=- 1.10 Bound 11• 97.891••1 12•112.67( .. J Rcell(pbi)• 3 Rcell(z}• 3 
a-side : ••2130.6(••1, Si••• 817.0(aa), Spacer• 0.80 Bound 11• 97.891••) 12•112.67(••1 Hcell(phi)• 3 Rcell(1)• 3 
Ruaber of cells type 11 A-side : 2 a-side : Q 

llu•b•r of cells type 12 A-sid• : 1 a-side : 3 
pl 122 A-side : R•ll64.2t•a), Sile• 711.l(aa), Spacer=- 3 .15 Bound 11• 97.89(••1 12=112.67(••1 Rcell(phi)• 3 Rcell(I)= 3 

B-side : llm2161.5( .. J. Si••• 129.l(aa), Spacer• 2.15 Bound 11• 97.89(••1 12=112.67( .. ) Rcell(phi)= l Rcell(z)• 3 
Ruaber of cells type 11 A-side : 2 a-side : 0 
Ruaber of cells type 12 A-side : 1 B-side : 3 

pl. 123 A-sid• : R•1195.1l••I, Si••• 123.l(aaJ. Spacer• 5.20 Bound tl• 97.t9l••I t2•112.611••1 Rcell(phi)= l ftcell(c)::::11 l 
a-side : R•2192.4(aal, Size• 141.61aal, Spacer• 4. 90 Bound 11• 97.891••1 12-112.67( .. ) Rcell(pbi)• l Rcell(z)• 3 
Buaber of cells type 11 A-sid• : 2 a-side : 0 
Ruaber of cells type 12 A-sid• : 1 a-side : 3 

pl 124 A-side : R•l926.0(aa), Size• 7l5.6(aa), Spacer• 7.24 Bound 11• 97.891••1 12•112.67( .. ) Hcell(phi)• 3 Ncell(Z)• 3 
B-side : R•2223.3(aa), Size• 85l.9(aa), Spacer• 6.95 Bound 11• 97.89(••1 12~112.67( .. ) Rcell(phi)• l Ncelllz)• 3 
Ru•b•r of c•lls type tl A-sid• : 2 B-side : Q 

9u•b•r of cells type 12 A-side : 1 a-side : 3 
pl 125 A-sida : R•1956.91••J, Size• 747.91aa), Spacer• 9.29 Bound 11• 97.891••1 12•112.67(••1 Ncell(phi)= 3 Ncell(z)= 3 

B-side : R=2254.l(aa), Size• 866.2(aa), Spacer= 9.00 Bound 11= 97.89(••1 12=112.67(••) NcellCphi)= 3 Ncell(z)= 3 



Nu•ber of cells type 11 A-side : 2 8-sida : 0 

••• of c•lls type 12 A-side : l 8-side : 3 
pl 126 A-o : R•l987.8(••), Size=- 760.2(••), Spacer=- 1.19 Bound 1: 7.89(••1 12=112.67(••1 llc•ll(phi)= 3 Rcelllzl= 3 

B-s1c:le : a .. 2285.0C••I, Size= 878.5[••), spacer.,. 0.95 Bound 11= 97.89(••1 12=112.671••1 llcell(phil= 4 Ncelllzl= 3 
ftuaber of cells type 11 A-sid• : 0 B-side : 2 
Nuaber of cells type 12 A-side : 3 B-side : 2 

pl 127 A-side : R•2044.6(aa), Size= 782.8[••), Spacer'"' 0. 08 Bound 11= 97.89(••1 12•112.67(••1 llcell(phil .. 4 Rc•ll(z)= 3 
B-side : R•2341.8(aal, Size .. 901.l(••I, Spacer= 0.01 Bound 11= 97.89(••1 12=-112.67[••1 Ncell(phi)• 5 Nc•lltzl= 3 
Nuaber of cells type 11 A-side : 3 a-aid• : s 
Nuaber of cells type 12 A-aid• : l B-side : 0 

pl 128 A-side : R•2101.4(aal, Size• 805.t(aa), Spacer= 3.31 Bound Ila 97.89(aa) 12•112.67(••1 Ncell(phi)• 4 Hcell(z)= 3 
8-s id• : R•2398.6(aa), Size• 923.6(aal, Spacer= 2.84 Bound 11= 97.89(••) 12=112.67(HI Rc•ll(phi)= 5 Hcell(z)= 3 
Huab•r of cells type 11 A-side : 3 B-side : 5 
Nu•ber of cells type 12 A-side : 1 a-aid• : 0 

pl 129 A-side : R•2158.2(aal, Siz•• 128.0(aa), Spac•r• 6.54 Bound 11= 97.89(••) 12•112.67(HI Nc•ll(phi)= 4 Rc•ll(Z)= 3 
e-sid• : R•2455.4(•al, Size• 946.2(aa), Spac•r=- 5.66 Bound 11• 97.891••1 12=-112.671••1 Nc•ll(phi)= 5 Rc•ll(Z)= 3 
Ruab•r of c•lls typ• 11 A-side : 3 B-side : s 
Nuab•r of cells typ• 12 A-side : 1 a-side : 0 

pl 130 A-sid• : R,..2215.0(aa), Siz•• 8S0.6(aa1, Spacer"" 9. 77 Bound 11• 97.89(••1 12 .. 112.67[••1 Ncell(phi)• 4 Rc•ll(z)= 3 
a-side : R•2512.2(aa), Sil•• 968.l(aa), Spacer= 8.41 Bound 11= 97.89(••1 12=112.67(••) Ncell(phil= 5 Hcell(z)= 3 
Ruab•r of c•lls type 11 A-sid• : 3 B-side : s 
Huaber of cells type 12 A-side : 1 B-side : 0 

pl 131 A-sid• : R=2271.l(aal, Siz•• 173.2(aal, spacer• 0.11 Bound 11= 97.19(••1 12•112.67(HI Rcell(phi)• 5 Rcell(z) .. 3 
B-sid• : R=-2569.0(aal, Siz•• 991.4[aal, Spacer .. 0.05 Bound 11• 97.19(••1 12•112.67(••1 Nc•ll(phil .. 6 Rc•ll(z),. 3 
Ruab•r of c•lls typ• 11 A-sid• : 4 8-&id• : 6 
lluab•r of c•lls typ• 12 A-side : 1 a-side : 0 

pl 132 A-sid• : R•2321.6(••), Sil•= 195.1(••1, Spac•r• 2.94 Bound 11= 97.89(••1 12•112.67( .. 1 Ncell(phi)• 5 Ncell(z)= 3 
B-side : R•262S.l(aa), Size .. 1014.0(aa), Spacer"' 2.56 Bound 11"' 97.19(••1 12•112.671••1 llcell(phi)• 6 Rcell(z)= 3 
Huaber of c•lls type 11 A-side : 4 B-sid• : 6 
Ruaber of cells type 12 A-side : 1 B-side : 0 

pl 133 A-sid• : R•2315.4(aa), Size• 918.4(••1, Spacer= 5.76 Bound 11= 97.19(••1 12•112.67(••1 Nc•ll(phi)= 5 Rc•lllzl,.. 3 
B-sid• : R•2612.6(a•I, Sil••l036.6(aal, Spacer• 5.07 Bound 11= 97.89(••1 12=-112.67(••1 Rcell(phi) .. 6 Nc•ll(Z)• 3 
Ruab•r of cells type 11 A-side : 4 B-sid• : 6 
Ruab•r of c•lls typ• 12 A-sid• : 1 a-side : 0 

pl 134 A-aid• : R•2442.2(aaJ, Size• 941.0[a•I, Spac•r• 1.59 Bound 11• 97.89(••1 12=112.671••1 Hc•ll(phi)• 5 Rc•ll(z) .. 3 
B-sid• : Rz2739.4(aaJ, Siz••l059.2[aa), Spac•r= 7.51 Bound 11• 97.19(••1 12 .. 112.67[••1 Ncell(phi)a 6 Rcell(z)= 3 
lluab•r of cells type 11 A-side : 4 B-side : 6 
Ruaber of c•lls type 12 A-side : 1 a-aid• : 0 

pl 135 A-side : R•2499.0(••I, Size= 963.6(••), Spac•r• 0.14 Bound 11 .. 97.89(••1 12•112.61(••1 Hcell(phi)=- 6 Hcell(zl• 3 
8-side : R•2796.2(aa), Size=-1081.l(•al, Spac•r=- 0.07 Bound 11= 97.19(••1 12•112.67la•I Nc•ll(phi)= 7 Hcell(Z)• 3 
Nuaber of cells type 11 A-aid• : 5 a-side : 1 
Huaber of cells typ• 12 A-side : 1 B-side : 0 

pl 136 A-side : R•2555.7(aa), Siz•=- 986.21••1, Spacer• 2.65 Bound 11= 97.89(••) 12=112.67( .. 1 Ncell(phi)• 6 llc•ll(z)= 3 
8-sid• : R•2153.0(aa), Size•1104.4(••1, Spacer=- 2.33 Bound 11= 91.89(••1 12=112.67( .. 1 Nc•ll(phi)• 7 Hcell(z)= 3 
Ru•ber of cells type 11 A-sid• : 5 B-sid• : 1 
Huaber of cells typ• 12 A-side : 1 B-sid• : 0 

pl 137 A-sid• : R•2612.5(••1, Siz•=1008,7(aal, Spac•r• 5.16 Bound 11= 97.89(••1 12•112.67(••1 Rc•ll(phi)• 6 Rc•ll(z)= 3 
B-sid• : l.•2909.l(aa), Siz••l127.0[a•), Spac•r'"' 4.59 Bound 11= 97.891••1 12•112.671••1 Hc•ll(phi)= 7 Rc•ll(Z)• 3 
Ruab•r of c•lls typ• 11 A-side : 5 a-side : 1 
Ruab•r of c•lls typ• 12 A-side : 1 B-sid• : 0 

pl Ill A-side : R=2669.3(••1, Size•l031.3(aa), Spacer• 7.67 Bound 11= 97.89(••1 12=112 .67( .. 1 Hc•ll(phi)• 6 Rcell(z)= 3 
B-sid• : ... 2966.6(••], Size•ll49.6(•a), Spac•r• 6.85 Bound ll:s 97.19(••1 12=112 .67( .. 1 Hcell(phi)• 7 Hc•ll(ZI"' 3 
Ruaber of c•lls type 11 A-side : 5 B-sid• : 1 
Ruab•r of cells type 12 A-side : 1 a-side : 0 

pl 139 A-sid• : R•2726.l(aa1, Size=1053.9(•a), Spac•r• 0.03 Bound 11• 97.19(••1 12=112 .67( .. 1 Rcell(phil .. 6 Hcell(z),.. 3 
B-sid• : R•3023.l(aa1, Siz•=ll12.2(aa], Spac•r• 0.10 Bound 11• 97.89(••1 12=112 .671••1 Rcell(phil= 8 Rc•ll(z)• 3 
Ruab•r of cells type 11 A-side : 2 B-side : • Ruaber of c•lla type 12 A-sid• : 4 a-side : 0 

pl 140 A-sid• : R•2712.9(aa), Size•1076.5(•al, Spacer=- 2.54 Bound 11 .. 97.89(••1 12•112.67[••1 Rcell(phi) .. 6 Ncell(z) .. 3 
B-side : R•3010.1(aal, Siz••ll94.8l••I, Spacer• 2.15 Bound 11= 97.89(••1 12•112.611••1 Hcell(phi):s 8 Hcell(Z)• 3 
Ruaber of c•lls type 11 A-side : 2 8-aid• : • Nuaber of cells type 12 A-side : 4 B-side : 0 

pl 141 A-aid• : R•2139. 7(aaJ, Siz•=1099.l(•al, Spac•r• 5.05 Bound 11 .. 97.891••1 12=112.61(-1 Ncell(phi)• 6 Hcell(z)• 3 
8-side : R•3136.9(aal, Size•1217.4(•a), Spacer• 4.20 Bound 11• 97.89(••1 12 .. 112.671••1 Hcell(phi)• 8 Ncell(z)• 3 
Huaber of c•lls type 11 A-side ' 2 B-aide : 8 

- . - ... - .. . - ~ .... . - - ~ ... -
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NUl of cells type 11 A-side : 2 8-side : a 
lluaber of cells type 12 A-side : 4 8-side : 0 

\ pl 143 A-side : R•295l. l(••), Size•ll44.l(••), Spacer• 0.06 Bound 11= 97.89(aa) 12=112.67(••) Rcell(phi)• 7 Rcell(z)• 3 
B-sid• : R•llSl.41••), Size•l22l.11••1, Spacer• 0.01 Bound 11= 97.89(••1 12-102.121 .. 1 Rcell(phi)= 8 Rcell(z)• 1 
ltuaber of cells type '11 A-side : l a-side : 5 
Ruaber of cells type 12 A-side : 4 8-side : 3 

pl 144 A-side : R•lOlO.l(aa}, Size•1166.9(a•), Spacer• 2.32 Bound 11= 97.89(••1 12=112.67(••1 Ncell(phi)= 7 Rcell(z)= l 
B-side : R•llS8. 7(aa), Size•l226.0(•a), Spacer• 0.99 Bound 11= 0.00(••1 12= 0.00(••) Rcell(phi}= 7 Rc•ll(z)= 0 
Ruaber of cells type 11 A-side : l a-side : 1 
Ruaber of cells type 12 A-side : 4 a-side : 6 

pl 145 A-side : R•l066.9(a•I, Size•l189.5(aal, Spacer=- 4. 58 Bound 11• 97.89(••1 12•107.741••1 ltcell(phi)• 7 Rcell(z)• 2 
B-side : Rzl166 .O(aal, Size•1228.9(a•I, Spacer• 3.11 Bound 11• 0.00(••1 12• 0.00(••1 Rcell(phi)• 7 Rcell(zl= 0 
Ruaber of cells type 11 A-side : 3 a-side : 7 
Ruaber of cells type 12 A-side : 4 8-side : 0 

pl 146 A-side : R•ll23.7(aa}, Size•1212.l(aal, Spacer• 6.84 Bound 11• 97.19(••1 12•102.121••1 Rcell(phi)= 7 Rcell(z)= 1 
B-side : R•ll7l.2(a•), Size•1231.l(aa}, Spacer• 3.19 Bound 11= 0.00(••) 12• 0.00(••1 Rcell(phi)• 7 Rcell(z)= 0 
Hu•ber of e•lls type 11 A-side : l 8-sid• : 7 
Ruaber of cells type 12 A-side : 4 8-sid• : 0 



Spaghetti Hadron Calorimeter Equipment Requirements 

Liquid Scintillator Hadron Calorimeter 

Manufacturjng Egyjpment 

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 75 
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 Mlcellaneous 
5.10 Clothing 50 
5.20 Cleaning Supplies 50 
5.30 Tools 100 
5.40 Temporary Use Items 200 

6.00 Envlromental Control 1 300 300 

Total 2840 

Mark Rennich/Oak Ridge National Laboratory/ 9-11-91 
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10111lll!li~u1 M11apgw1u-Llguid S11iati111tgc l:l11dcgo C11lgrim111r 

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

Mlllwrlahts 2 4 148 1184 22.35 $26.462 
Electrician 4 9 148 5328 29.86 $159,094 
Crane Ooerator 1 9 148 1332 26.64 $35.484 
Iron Worker 4 5 148 2960 22.35 $66.156 
PIDA Fitter 4 6 148 3552 21.50 $76.368 

Total 15 14356 122. 70 $363.565 
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NOTE: THESUPPORTTUBEISCRADLEDIN 
SUPPORT STAND TO PERMIT REMOVAL 
FOR CRANE TRANSPORT 

. 3.3 m ------,'---i 

--------------------r--oY 

SIDE VIEW 
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FIXED SUPPORT 
STAND 

---- I 1 ... 

l.9m 

Hadron Calorimeter 
End Cap Assembly/Storage Stand 

LS.03.FX.00101 

END CAP ROT ATES 
360DEG. 

END VIEW 
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NOTE: ASSEMBLY TABLE TIPS 
IN ORDER TO MINIMIZE STRESS ON 
CALORIMETER MODULE DUE TO 
OFF-ANGLE LOADING ,,----, 

I I I 
I I I 
I II I MODULE IN UP-RIGHTED 

I I 1---POSITION- CRANE 

LS.03.FX.00102 

MODULE IN ASSEMBLY 
ORIENTATION 

FIXED ASSEMBLY 
STAND 

I I I ACCESSABLE 
I I I 
I I 
I I I 
I I I 

·----' 
~ 

Hadron Calorimeter 
Barrel Module Assembly Table 

RENNICH 
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ERS ROLLERS CJ .. (Formerly ExpreH Rollers) 

=al 

25-ERS 3.75-ERS A ""* g•n bottle mechiM '' install«/ in line on 
HllmMFtoH#s. 

ERS rollers are the lowest profile high Old 

capacity rollers in the world! Designed on the -- -endless chain concept, the ERS Rollers' style a>HRS 2 
is basically for straight line motion; yet each ...., .... 2W 
can be outfitted with a swivel attachment for 

1o.ERS 3 
turning and positioning. They are the economy 

12.5W·EAS ""' leaders in the Hilman Roller line. Seven 
different sizes move from 15 to 400 tons per 

,,,... • 
set of four with heights ranging from under 3 ...... ' 
inches (762 mm) to under 6 Inches (152.4 mm). 100X·EAS "' 

ERS SWIVEL CJ 
ATTACHMENTS .. 
Each ERS Roller can be outfl1ted with a 
respective Swivel Attachment for plvotablllty 
' 'ght flexibility. Attachments are chrome 
s. .all bearing, available with swivel-locking -T'3.75LO or P 

T-5Wl.Dor P 
T·10LDor P 
T·12.5WLD or P 
T.ziLO or P 
T.aDLO or P 
T·100LDor P 

~ ... """=-. ... ...... 
3.75 ,. 

'" "' ' 20 '"' "' 
10 40 ... .. 
1~5 .. ... .. 
" 100 ... 121 .. 200 "'· 143 

100 400 "'· 143 

Old- ... ·- -f.21. al'HRS - ...., .... 
T.al. 10.ERS - 12.5W-ERS 
T-41. ...... 
Ta. ...... 

T.OXl 10DX·EFIS 

device (add suffix "L") for greater efficiency. 
Three sizes steering handles flt all 
attachments. Coefficient of turning friction is 
about 2% of load with small handle. The D top 
is diamond steel; the P top is the Preload Pad 
type. 

j':f&:.=-.::..~ 'Jo" (1tmmJ in neight, 1'h Iba in weight 

H 315 E 315" Llngtt't · 91C mm Fltt up 10 T·12.5WLD 
H 48 E -48'' Length • 1211 mm Fitl all Attachments 
H eo E 80" Length· 1524 mm Fitl alt Attactvnents 

SUPER HEAVY 
DUTY ROLLERS 

- ... .......:-... ..:-""' ... ..._ 
,.,, 117 ... 210 ,. 7.3 

'" 140 .. ,, 211 20 9.1 

••• 133 10'1, ... " 10.9 .. ,, "' 10'/, ... 3:! 1'5 

e•1. 175 15'1, .. , 78 ... 
'" 117 23 ... 15& 1"A 

• 203 23 ... 1ae 74A 

Swivel Attachment ...._ __ - -· ._ . ....... ....... ... .... 
,.,,. 113 "'· 140 11•1. 283 
,.,,. 113 s~. 140 

~J~ = 5'1,, 1211 ,., 
5'1,. 121 • ,., 12'4 32C 
1'1, 181 • 203 ,. 467 
• 203 • 203 25V. 141 • 203 • 203 25V. 141 

-........ -' • 
• 
6 

• 
7 

8 

~ 
13 ••• 13 ••• " • •• ,. ••• .. 1&1 .. 20.4 .. 20.• 

A ,.,,. •tlll>UP tran•fom»r ii •r on Hilman Rol#ts. 

300-XT 
500-XT &a c:C:l:'T!.'.:" .. ·-.:... F;n;w-.• ... '""':... Wiliihi ....... - - ... -. .... !!:I: -Hugh structures skate almost effortlessly on 1ii>XT 

..,. 100 ... 172 • 203 " 633 1115 88.5 7 
10).XOT 5XOT 100 ... 172 " ... " 633 245 111.1 7 

Super Rollers. With load capacities of 100 to 1§'.XTL. 100 ... ,,. • 203 30 "" 211'2 132.5 ,, 
500 tons per unit, virtually any gigantic load 

100-XOTL 100 ... 172 ,. ... 30 ,., 300 15&A ,, 
151>XTW 100 ... 172 r11 211 " 633 2115 1211.3 ,. 

be' •s transportable. Typical applications 100-XOTW 100 ... 172 18 406 " 633 335 152.0 " 
'"' "'Bactors, bridge sections, barges, ship 

2iib'.xTOL 200 844 ,,. • 200 .. ii• 376 117.e " """"""' 200 ... 172 ,. ... .. '" C15 181.2 " sec,: •11s, entire oil rigs and offshore modules. """""" 5XTDW 200 ... 172 tt'l,as 21 533 325 1C7.C " 2IX>XOTDW 200 ... 172 ., 533 21 533 • 11c.e " Under 10 inches (254 mm) high, these all- 200JITTJWC 200 ... 172 ,,~ 3118 21 633 C7 113.7 ,. 
hardened·steel rollers almost always require a 

2Dl>XOl1lWC 200 ... 172 21 633 21 533 007 230~ ,. 
3iii>Xf .. 3iii 10 "" 10"" iT.i 34 iii - iriJ • steel moving surface. Their durability combined :mxor 300 10 ... 21 533 34 ... m 351.s • 

with a 5% coefficient of friction make them BX'f 75( !iii 10 "" 20 iii ,. ... 1•tiii .. 
!IOl>XOT ... 10 "" 30 ,., 34 ... 1• 834.1 ,. 

super-savers. • AH D • t note Deltems must 1:19 llOliCtfllld. 
• Small Chlrge kr drHI lftCI 1ao ~ 
• SwMI 10P1 .. _...,_on 1P9Cia1 onllr. 
•Width~ 10 tao D1ate only. rt11• tocty MIN• XT model. 



EM CALROIMETER END CAP 

M-tGNETYOKE 

HADRON END BARREL -tLVMINlVM COIL 

HADRON END CAP CENTRAL SUPPORT TUBE 
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INSTALLATION RAILS 

CALORIMETER INSTALLATION: 
STAGE NORTH HADRON END BARREL, HADRON END CAP 
AND EM END CAP ON SOUTH SIDE OF DETECTOR 
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INSTALLATION FIXTURE FOR CENTRAL BARREL 
TOP VIEW OF LIQ. SCINTILLATING 
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f!f. "EXTERNAL SERVICES" 
CENTRAL HADRON AND EM CALORIMETERS 

4: SERVICE BUNDLES 
(PRIMARILY CABLE) 
320 KG/METER EA. 
1100 CM**2 EA. 

2: 25. TO 40,000 LITER VESSELS 
(LIQUID SCINTILIATOR FILL/DRAIN) 

-y 

C ((})£Rfetli J. 



MCHW Chiller 

I I I I I I 
Heat 
Exchanger 
I I I I I I 

Note: System Has Individual 
Heat Excbangen Inside The Hadron 
Calorimeter, Located at Electronics 
MountlngPosltlons 

Surface Facilities 

--------------,­_____________ _J_ T----Di~har~-----------

.L ___ - -Acculmulator 

Primary Return Header. 

G.03.GN.00013 

Supply 
Accumulator 

~ 
E.M.C•I 

Line Size=l/2 In 
(>1050 Required) 

Line Size= 8 In 

Schematic Of Hadron Calorimeter 
Thermal Control Piping System 

Assuming Liquid Coolant 

Temp. Control Valve 
On Each Panel HX 

Detail Of Panel 
Heat Exchanger 
Connections 
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Atmospheric Vent 

LS.tJ.RD.Hllt 

Atmospheric Weir Box 

~ ~ \\ ,~~ ~ 
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Drip collection line 

Schematic Of Fill/Drain System For 
Central Module Of Liquid Scintillating 

Hadron Calorimeter 

FilVDrain Storage Tank 
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