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Abstract: 

The Draper Laboratory, Inc. is providing independent estimates 
of the costs to build a scintillating fiber Hadron calorimeter for the 
Gamma Ray, Electron and Muon (GEM) detector. The estimates are a 
result of earlier studies of the TEXAS and Empact/TEXAS 
calorimeters, as well as quotes from vendors, and a careful 
examination of the calorimeter design, fabrication, assembly and 
testing requirements. An attempt was made to explore design 
modifications and opportunities to reduce the total cost of the 
calorimeter. In this report, 3 alternatives were evaluated yielding 
costs of $77M, $68M and $57M. As the cost is reduced; design, 
fabrication and material selections affect design complexity and 
implementation issues that are accounted for by different labor 
estimates. Contingencies of 10°/o on materials and 25% on other 
costs (since they are more difficult to estimate) have been used. 
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CSDL APPLICABLE EXPERIENCE 

• Non-profit Research & Development Corporation 

• 50 years of design, development and prototype fabrication experience 

• SO years experience transferring technology to industrial contractors 

• Industrial engineering consultant to high volume industries: 
automotive, electronics 

• Developer of industrial automation techniques and equipment for high 
volume applications: automation, apparel 
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DRAPER EXPERIENCE WITH TEXAS 
ET AND GEM COLLABORATIONS 

• May- Aug '90 

• Sep- Dec '90 

• Feb - May 191 

• Aug'91 

Scintillator Calorimeter Support 
Structural Design and Evaluation 

Tower Manufacturing and Costing for 
Scintillating fiber Calorimetem 

Supertower Prototype Development and Casting 

GEM Fiber Calorimeter Cost and Structural Analysis 
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CALORIMETER COST REDUCI'ION 

• Fewer/larger towers 

• Trade high labor costs for materials 

• Build precision into tools 

• Use of foundry type procedures/costs/efficiencies not skilled labor 

• Apply automation where practical 
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COST ANALYSIS APPROACH 

• Cost analysis format is derived from ORNL spread sheet 

• Our unit costs are based on discussions with ORNL, BU, collaboration 
physicists (Hans Paar) and vendors for fibers, lead, steel, and fabrication. 

• We present 3 cost analyses: 

A. Nominal design with new fiber cost and new contingency rationale 

B. Same as "A"' but used 50% lead shot and a slightly smaller calorimeter 

C. Same as "B" with reduced physics segmentation 

§~ 
e~ 



·-~I---! I ;------
1 

1 I 
I 



GEM calorimeter Structures 

The structural weight Is estimated by extrapolation from our Texas calorimeter design, analysis, 
and evaluation (Aug. 90). 

Texas Calorimeter 

• Ellipsoidal 

• Towers 

• Structures 

20m long dia 
10m short dia 

Volume 753 m3 

Tons 

Shell Plate(2cm) 80 
Rings Circumfer. 64 
and Longitudinal 
Supporting Frames 174 

GEM Calorimeter 

"Ellipsoidal" 

Volume 

Plate (1.5cm) 
Rings 
*Support to 
membrane 

11m Jongdia 
8mshortdia 

273m3 

Tons 

30 
25 
30 

31afons 85 Tons = 187,000 lbs 

• The present design assumes a central membrane to support the calorimeter 
structure in the middle. Special structural members are required fOr a stable 
aHachment. Our estimate Is 30 tons. ~~ 
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MATERIAL QUOTES 

• Fibers 3mm scintillating type RH-1 
Bicron Corp. 
Quoted 7,600,000 for 6000km of fiber 

includes: fiber, trimming, heading, inserting into spacer p\ates, boxing, shipping, 
and wastage 

Contingency: BJc:ron suggests no more than 10% 

Note that this represents $1.27/m with labor previously counted in tower construction 

See attached Bicron letter tor details. 

• Stainless Steel 
Ryerson, AHston Ma, new Une 

Quoted $2'1b. for 304 type ST. steel 
Used $5/Jb for struciural system and sheaths to account for fabricatiort processes. 
Contingency should be no more than 10%. 

• Lead Shot 
Tarcorp Industries, Granite, fJlinois 
Quoted $0.45/lb for dust shot of 0.6mm dia. average. 
Produces 30m \bsly&ar of lead shOt 
Contingency should be no more than 10% i~ l~!f/ 



GEM DID'ECTOR 

SCINTILLATING FIBER HADRON CALORIMETER 

COST ANALYSIS A 

Cateaorv Tot VIS 

1.00 Towm 

t.10 Lead 2126 

1.20 fiber 6.001! + 06 

J.30 PMT1 13232 

1.40 Sheaths + Cover Plate 33Cll 

1.50 Lilzht Guides 13232 

1.60 Sr>acet Plate' 3308 

2.(JO Electronics 13232 

3.00 Structure 187.000 

4.00 Thenllal Cont 

5.00 Fab &:A55. 

s.10 Fab. Ass. le Test 15.8 

5.20 Toolln« 

6.00 Teslln• 

6.10 Test Beam 

6.20 Test Eaui1> 

7.00 Transoort 

s.oo Installation 

s.10 lnttall. Labor 17,000 

8.20 Install. Eaulc 

DIRECT COST 

EDIA 259' 

BASE COST 

CONTINCENCY. 25,., to .. 
SUBTOTAL 

k&D ll'l'o 

TOTAL 

"Contingency: l~ on lead, ll~r. and steel 
2S'l'o on olher Items 

SJC Unit Units 

S.58 Mton 

.00127 Meters 

0.30 Each 

.40 Each 

0.10 Each 

0.20 Each 

0.25 Channels 

0.005 LBS 

0.045 M·H/tower 

$45/MH Man-Hour 

Costs SK 

$11,855 

$7,600 

$3,970 

$1,323 

Sl.323 

$662 

$3,308 

$935 

$500 

$9-180 

$3,000 

$1,000 

$500 

$765 

$1000 

$47.121 

$11,780 

$58.901 

$10.654 

$69,555 

$7,651 

$77,206 



GEM CALORIMETER 

SCINTILLATING FIBER HADRON CALORIMETER 

COST ANALYSIS B 

Caturuv Tot1Jts 

1.00 Towert 

J.IOA Ostallov 50'11> 948 

t.108 Leed Shot 501> 1139 

1.20 Pl bet 5.?E-t-06 

1.30 PMT1 13232 

1.40 Sheaths • Cover Plate 33~ 

1.SO Ll2ht Guides 13232 

1.60 Smicer Platfi 33~ 

2.00 l!lectronla 13232 

3.00 Structure 160.000 

4,0() Thermal Cont 

s.oo Fab ilr Ass. 

5.10 Fab. Ass. &: Test 15.8 

s.20 Toollnit 

6.00 TesUn2 

6.10 Te$t 'Bellm 

6.20 Test Eauh> 

7.00 Transnnrt 

8.00 Installation 

8.10 Install. Labor 17.000 

8.20 Install. Eaulp 

DIRECT COST 

EDIA 25'llr 

BASE COST 

CONTINGENCY" 25'1', lO'IL 

SUBTOTAL 

R&:D 1111> 

TOI'AL 

"Contingency: 10'5 on lead, fiber, and steel 
25'1L on other Items 

SK Unit Units 

S.58 MlOn 

.99 Mton 

.00127 Mete rt 

0.)0 Each 

.40 Each 

0.10 Each 

0.20 Each 

0.25 0.annela 

o.oos LBS 

0.045 M·H/towcr 

$45/MH Man-Hour 

Costs SK 

$5.290 

$\.128 

$7.239 

$3,!170 

$1,323 

$1,323 

$662 

$3,308 

$8()() 

ssoo 

$9,380 

$3,000 

$1,000 

$5()() 

$765 

$1000 

$41,188 

$10,2117 

$51.485 

$9,912 

$61,397 

$6,754 

$68,151 



GEM CALORIMETER 

SCINTILLATING FIBER HADRON CALORIMETER 

COST ANALYSIS C 

Cateaorv TotlJlt 

1.00 Towert 

1.tOA Ost.allov 50% 948 

1.108 lead Shot SO'!& 1139 

1.20 Fiber 5.7E+06 

1.30 PM1'1 33~ 

1.40 Sheaths + Cover Plate 3308 

1.50 L11rht Guides 3308 

1.60 Soacer Platet 3308 

2.00 ElectronlC1 3~ 

3.00 Structure 160.000 

4.00 Thennal Cont 

5.00 Fab Ir Ass. 

5.10 Fab. Ass. &: Test 15.8 

5.20 Too line 

6.00 Tes tin .. 

6.10 Test Beam 

6.20 TeslEoulo 

7.00 Trans""rl 

8.00 Ins ta Ila lion 

8.10 Install. Labor 17,000 

8.20 Install. Et1uio 

DIRECT COST 

EDIA 25~ 

BASE COST 

CONTINGENCY• 25!., 10!1> 

SUBTOTAL 

R&tD 11, 

TOTAL 

"Contlngel'IC)': 109' on lead, fiber, and St(.'l!J 
25% on other Items 

$K Unit Units 

5..58 Mton 

.99 Mton 

.()0127 Me ten 

0.30 Each 

.40 Each 

0.20 Each 

0.20 Each 

0.25 Channels 

o.oos LBS 

0.045 M-H/lower 

$45/MH Man-Hour 

Cos II SJC 

$5,290 

$1.128 

$7.239 

$992 

$1.323 

$662 

$662 

$827 

$800 

ssoo 

$9,380 

$3,000 

$1,000 

$500 

$765 

$1000 

$35,068 

$8.767 

5431135 

$8,000 

$51,835 

$5,702 

$57,537 



SUMMARY 

• Calorimeter design, fabrication, assembly, and testing are still preliminary 
and evolving. 

• Cost estimates are based on realistic enquiries (quotes) to specialists and 
vendors. 

• Quantities (lead, fiber) have been checked and structural system is based 
on sound previous work. 

• Contingencies for materials (100/o) reflect vendors inputs. 

• Other costs (labor, tooling, testing etc.) are more difficult to estimate and 
a higher (25%) contingency is appropriate. 
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FAX T01 
ATTH1 
FROMt 
DAT!t 

SUBJECT1 

CHARLES STARK DRAPER iABORATORIES 
PRANCOIS AYIR 
CHUCI HURt.!UT, BICRON CORPORATION 
5 SIPTEMBEJ 1991 

BUbCiTAlY PROPOSAL FOR SCINTILLATING FIBERS FOR THI 
"GEM" COLLABORATIOlf, 

Thia eatimat• 1• for budaetar1 purpo1ee. It repre1•nt• ~he work 
of eeveral people at Bicton includina m7Aelf, th• tvo senior 
enaineer1 which have been assigned to our fiber program for the 
laet three ye1r1 1 our Ensineering Manaaer and our accounting 
depart~ent. We con1id1r thia to h• e •trioua e1tim1te with a 
hiah dear•• of accur1cr. 

We propose to provide the following aoodA ~nd ar~vice11 

6,000,000 met•ra of 3 mm dia. Trpe RH-1 1cintillating fiber• cut 
and assembled into 3,124 "preform" aubaARembliea 11 d•1crib1d 
below. 

Total Price1 $7 1 600,onn 
FOB Newbury, Ohto 

The preform• vovld con1iat of 3600 1nd1vidu1l fibtr1 inserted 
into a aat of preciaion drilltd mtt1l plates, The hole pattern 
would be a 60 x 60 metrix. Thi! 1et "f plllte11 vnu1d htt t'1os• 
•tacked toaether raetmblina A 1in9le unit vitbout apacta betwer.n 
the layer1, Tht fibera would be preci1lon cu~ to various lensths 
dtpendina on their position in the a1sembly, ThP ~ffntral fibers 
would bt the maxiaum ltnath, And thP f1~,,~ wou\d be shorter •• 
their poaition i• clnaeT to the tdge of the· array. The finRl 
assembly would resemble a tr11ncattd p7ram:l.d, Ono end of 111ch 
fiber vnuld bt modified to a alightl7 larger diaqeter too prevent 
ite fallin9 throuah ita hole when tha 1111mbl1 iR held Rn the 
fibtra hana Ytrtically vith the larger tnd of th• •rra7 •t the 
top. Th• lonaest fiber in eAch prtform would be •b~ut 220 cm 
En~h prPfnr• v~u1d he packa9•d in an individual wood crate with 
the preciRinn plate 1teck &till in its condtnce4 configuration. 

Deliver7 would teke about twenty mnnths with tht firet aasembliea 
heina 1hipptd about five •onth• after receipt of order. 

PO.lf.I>J.Uli.CLtlf.. MAS' PRODUCTION COST EFFICIENCY 
Ricrott ha• recent 1 compltttd an SBII Pha11 II develop~e4t 
project in which tho major taak wal the develop~tnt of a me11 
~roductton 17ata• for •anufecturina larae quantiti11 of 
SC:ifttf.llatiRI &nd Vavtguicla optical f1hPfR for llEll' ill tht SSr., 
Main tlamtnta of thie inve1tt11t:l.on included the followin11 

Total factory 1tfout 
Larae volu~• •onomer purification and atorage 
Pol1m•ri1ation 171t1m dtaign to achieve hiah throuahput and 

\Ualtty coneiat1nc7 
ffiah apeed fib~r fabrication 



Hajor protot1pe proc•a• equipcent was ~on1tructed and 
aucce1afull7 operated, and aoce component• for the final 
operation ware procurred. 

Our eat1matea of the vatiout coat factora in this propo~al are 
based on our experience from the SBIR work which ia now being 
continued w1th Bicron internal fundina. 

M~,JO.&.. Q9S..t. _.t,._~1-jlJiULl.UJl!LD.Q?OSAL 
A, J.JY.Jle,t.tW.h1 A11ovancea were 111ad1 for all for1eeable 

•fficitnc7 problem• ineludina potential impact of 
international ten1ton1 affecting petroleuM tupplit1 and 
unpredictable diffieulti•I in 1tarting up the full volume 
atatem required for this proaram. 

B, 11b.Sl.r.• A full independent factory operatina around the clock 
11 envisioned. Pereonntl conalderationa inelud•d such factor• 
lpecial eaint•nance 1taff, d•dicated Nlnaaement, trainina 
11pen1e1. and impact of efficienciea on total labor rtquired. 

C. ll.£.torr .Qxf.tb.ll.d.l: All •tandard and epecial factory 
orerbeada for the entire time of dedicated operation w1r1 
included. All costs were accumnlRt~d in a 11ro•baa1d 
calculation, 

I>. SJ.U.ltl.. FectorJ J!!auipmtot Coat1: A. major portion of the 
factory conettuction expenae• art allocated 1a11n1t thia 
projtet. ltaeon1 for thit include the fact that the factory 
•• conatructad will be htehlJ apecialir.Pd with vtrJ little 
opportunity for coat recovery aeid~ fro~ 1pecial sec projocta 
lik• thia one. A aeeond reason is that 1 1pecial •~t of 
equipment for aaltmblJ of the "preformaft will be cnnetructed 
With the parttcular eoet1 fully allocated here. 

Z, S.P..l\!f.!Al~l'-tefor1.A!!.IU'bly BiuiP.sm: Th• concapt for this 
•quip~ent is alrtadJ well PVPlop1d •• the outcom9 of o 
meetina of four membere of the Bicron ttchnical ataff 1 each 
per1on h1vin& over 20 year• in manuf acturina proce11 deaian 
fro• a variety of backarounde, Bach inatrument would inspect 
the fiber •• it 11 made on the continunu• fib1r linea and 
reject it if appropriate, Good fib~r would be cut ~o the 
appropriate longths, inatrted in the apprapriRtt holes, and 
altered to have a larg~ "h1ad", It would be a eomputPr 
controlled ayatem. Thret •Y•tema would be conetructed with 
ont kept :ln re1arvt for brtakdowna, 

ADD I'l'..~Otf 61... il.Q.lUlJ!gJ!~lll 
Conting•nciea that SSC planner• prtf er to add on netd not excttd 
ttn percent 1inct a1anific8nt contin&tnci•• h~v• been fnctored 
into th• above pricea. 


