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SSCL GUIDELINES 

Following 1990 Snowmass PAC review, and again following December 1990 review, 
SSCL issued design to cost guidelines to proponents of major SSC detectors. 

My paraphrase: 

1. SSC project includes $550 million FY90$ for possible two major detectors. Smaller 
detectors to be funded from $75 million FY90$ reserved for this purpose. 

2. SSCL commits $225 million FY90$ to each of two possible major detectors. 
Remainder of $550 million FY90$ ($100 million) held in reserve for major detectors 
to be allocated based upon scientific and technical merit. Practical effect of this is that 
$275 million FY90$ used as planning number. 

3. SSCL guidance is to design to cost using a target no more than $500 million FY90$. 

4. Gap between SSC project funds and estimated cost of a major detector is to be 
provided by contributions from non-Federal sources. 

Cost estimates prepared according to normal US DOE requirements and methods. 
Final funding plan to reflect responsibility matrix and actual offsets against US 
estimate. Recent letter from Schwitters provides renewed guidance on funding plan. 
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Table 1 L • Cost Review Evaluatlon Summary 

Detector Costs 

EOIA 
- Identified Engineering/Design 
- assumed '1 

Subtolal EOIA 

l.atlor 

Material 

Sublolal (Malerlal and labor) 

Direcl Costs 

Cofltingency 

Subtotal 

R&O 

\ .. • 

(Costs In 1990 MHlions ol Dollars) 

L' Cost Book 
(Resistive CQIJ/QaF21 

32 
20 

52 

109 

346 

(11%) '2 

455/ 

!507 

96 (19%) 

603 

25 (5.5%1 '2 

L • Cost Panel 
Estlmale Revision 

114 (25%1 

457 '3 

571 

143 (25%1 

~ -714 

50 (11%) 

) 

Variance 

62 

2 

64 

47 

111 

25 

it9:!!!.PM•.txto.1M&tlt~&li'1.WM\%1tlii.ci:dfti.ida&\?.,~<ifo1; ·.>r./, ,;,;;,b,JM;M.fmiliit&W:&#fil1..falift.foi1.•.•' 
Escalation (M~nt Apr 96) Excluding R&O 

Majol Concerns: 
• EDIA Variance 
• Contingency Variance 
• R&D Variance 

1.20 

... 2M 
+$47M 
+$25M 

1.20 

'1 includes project engineering, consulting, and engineering design associated w/ proc/lab & assy/instl 
'2 'Yo ol subtotal (material & labor) 
"3 Increased S.C. Insert Coil Cosl 

) ) 
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L * Theriot cost STAGE 1 STAGE2 STAGE3 

double coil single coil Liquid argon -
5% muons minimum or 

16 wires iron pole fiber 
FIB muons out integrated 

calorimeter -$4 72 million 
or 

$758 million $555 million $498 million $439 million 

-

-
-

-
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BASEPIE.XLC 

GEM COST TARGETS (29JULY1991) 
($ MILLIONS) 

R&D ($40) Computing ($1 O) 

Trigger ($10) 

Tracker ($40) 

Calorimeters ($150) 

Structures ($20) 
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Magnet ($100) 

Muon ($130) 
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1992 GEM WORKPLAN 

WORKPLAN DFSIGNED FOR NOVEMBER, 1992 TDR SUBMITTAL 

1. BASELINE 1 established March. Engineering design, simulations, cost studies 
focused on this baseline. 

2. BASELINE 2 revision scheduled June, 1992. In progress now. 

' 
3. BASELINE 3 choices scheduled in August, 1992. This will be final TDR configuration. 
Calorimeter selection ls principal choice to be made. 

Cost estimate presented at this review is based upon published BASELINE 1 with a 
few minor adjustments approved at June Executive Committee meeting. BASELINE 2 
study is not mature enough to present revised costs. 

• • • ' • • • 
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~ GEM Project Department 

GEM Project Department in SSCL 

Director 
R. Schwitters 

• 

••• • •• 
I I 

Conventional Physics Research Accelerator Construction Division Division Division F. Gilman 

Leibold 
Luth 
Lynch 

• • • I I I I 
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Library Theory 
Exp. Physics Gem Project SDC Project Experimental 

GEM-M.Marx Dept. Dept. Facilities Dept. P. Kreitz F. Gilman SDC-J. Siegrist G. Sanders T. Kirk R. Richardson 
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~ GEM Proje<t Department 

GEM Project Management 

Co-Spokesmen SSCL 
Barish/Willis Fred Gilman 

• 

Project Manager 
Gary Sanders 

Integration Group 

Chier Integration 
Engineer Coordinator 
M. Harris M.Marx 

I I I I 

ES&HGroup Document Engneerlng Program Planning 
Sufiport Group Control Group roup Bus. Oper/Group R. Woolley E. Walton M.Harris R. Fischer I. Durden 

I 

To subsystem groups 
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VACUUM VESSEL 

COIL 
ENDCAP MUON CHAMBER 

BARREL MUON CHAMBERS 

FORWARD FIELD SHAPER 
CENTRAL MEMBRANE 

BARREL CALORIMETER 

FORWARD CALORIMETER RACKER 

STIFFENING RING 

ENDCAP CALORIMETER 

INTERACTION POINT 

. I 

GEM DETECTOR 
GDO·OOOOU 

• • f •• • • 



-
,.// ,. , 

' 

-
0::: 
0 

,.., 
~ ...... 
wU 
c.:> LLI 

- ...... 
LLI 
Cl 

-



f 

40 m 

15 m 

CENTRAL MaeRANE 
500inrii Tli \. 

ALLOWANCE FOR 
HERMAl SI 

GEM DETECTOR ELEVATIOti 
15. m 2.60 m 

14.lo m m 

••ctJUU•tssa. I 11~-~~ .. n .... • 

~ ·- J ~~ . ·- ' .. . ',' "·'--' 0:, ... ~ 
CON.. '!1.00ln '" I ::::;; ___ . . - -·· ----- - -- - --· - - ·- - -- ·- --

8.10 m ~~a~~~:..~~~~-~~ I~ 

8.t.RREL UlM>N 

/ 

/ 

/ 
/ / 

/ / 
/ 

/ 
/ 

/ 
/ 

/ 

/ 

1-/ 

-

,., 
~·< 

+ 
~: 
~· 

~I 
6.31m~ 

+ ' , 
't IX 
:~. 

3.92 ~" 

/ 

> 

u.ol 

-a.45• 

.. l .. 
• 8.10 

~I El 
,,;, ,..., ,, 

, , \',fl' \0.75 m 

I ··-~ • • :X.C.Lll . - -
·~- ···- -- -·- .. - ...... " ~ - ..,. '::"I u ...... 

BEAM PIP[ 
50mm01.l 

llmnl DtA I 
8.00 m_ 

EXfERNAl 
K>N Pl.NP ST A KM4 

18.00 m I 

JNj() 

I GEMOEn20415ZCI 

• • • • • • • • • • 



) ) ) ) } ) ) ) } 

COST ESTIMATING METHODOLOGY 

1. GEM COST ESTIMATING PIAN, rev. E provides guidance on methodology across all 
subsystems. 

2. WBS established. Three main categories Construction, R&D, and 
Conceptual/Preliminary Design. Latter two categories include all costs from beginning 
of GEM in mid-1991. WBS at lower levels is by subsystem. 

' 3. WBS is used to organize estimate spreadsheet. It includes Engineering, Design, 
Inspection, Administration, Procurements/Fabrication, Assembly, Installation and 
Contingency. Materials and Labor are separated. WBS includes Project Management, 
and within each subsystem, Subsystem Management. These include PM, QA, systems 
engineering, ES&H, administration. 

4. Estimate worksheet includes attached data sheets for risk analysis/contingency 
and also, "basis of estimate" information by item. All work is driven to be "bottom­
up". 

S. All items and terms are defined in the Plan. 

6. All labor rates are standardized (SSCL, national average industrial, ... ) or composite 
national lab rates. These rates are tabulated in the Plan. Very few labor operations 
are based upon actual rates at intended suppliers. Thus, cost reductions afforded by 
using low cost suppliers have not been included in this estimate. That work will be 
included prior to TDR. No credit for foreign labor taken yet. 

) 



BASIS OF ESTIMATE 

Spreadsheet contains code which designates "estimate type". 

1. Bottom-up (BU) 
2. Specific analogy (SA) 
3. Parametric study (PS) 
4. Review and update (RU) 
S. J'rend analysis (TA) 
6. Expert opinion (EO) 

Most reliable estimates are based upon bottom-up design accompanied by vendor 
estimates in writing, when feasible. All estimates are progressing towards the highest 
possible fraction of costs based upon this category. Magnet estimate has a very high 
fraction based upon vendor estimates. 

All estimate lines in spreadsheet should be supported by estimators worksheets 
documenting all design assumptions, basis of estimates, risk analysis, etc. Magnet, 
muon and central tracker have highly developed workbooks available at this review. 
Calorimeters use different backup format, providing equivalent information. 

Fabrication and assembly operations analyzed by formalized manufacturing analysis 
in many subsystems. Calorimeters and muon subsystem are principal examples . 

• • • • f • • • 
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RISK/CONTINGENCY ANALYSIS 

On a line-by-line basis, each item in the WBS is assigned a technical, cost and 
schedule risk factor on a standardized numerical scale (1-15 for technical and cost, 
2-8 for schedule}. 

) 

These weights are multiplied by a risk percentage ranging from 1% to 4% based upon 
design, manufacturing, material cost or labor rate uncertainties. 

' Contingency is the linear combination of these factors and percentages. 

"Good judgment" is required of all estimators, especially for unusual items. 

) 



SCHEDULE AND ESCALATION 

Estimate worksheet includes start and completion dates for all items. Escalation can 
then be handled in a natural way. 

ESTIMATE PRESENTED HERE IS NOT IN ACTUAL YEAR DOLLARS. OUR 
ESTIMATE IS DEVELOPED IN FY92 DOLLARS AND COMPARED TO OUR $500 
MILLION "DESIGN-TO-COST" TARGET IN SSC PROJECT BASE YEAR FY90 
DOLLARS. WE ALSO SUMMARIZE IN FY91 DOLLARS. 

GEM has a top-level schedule now submitted to the SSC Integrated Project Schedule. 
We are now tiering our milestones according to the SSCL Project Specification Tree. 
Bottom up task scheduling and duration estimates are part of the design effort. This is 
checked against our top level milestone schedule. There are some negative slack 
paths (central tracker installation) and these issues are under study within the 
design and will be resolved prior to the TOR . 

• • • • • • 
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LABOR RATES 

Labor rate tables in the Cost Estimating Plan: 

National Laboratory average rates 
National average rates 
SSC employees 
Job/shQ'p in Dallas area 
Contractor (Davis-Bacon) installation 

) ) 

Very few activities are estimated for this review using lower cost labor such as 
foreign, µniversity, or student rates. No labor rate optimization has been 
performed to reduce costs. This is a "hidden contingency" built into 
estimate which should be extracted as estimate matures. No optimization of 
manufacturing algorithm has been performed either. This also must be 
brought to a mature optimization in the next year. 

) 

While rates are standardized, labor/skill mixes for teams are assigned by subsystem 
designers. If labor mixes are downgraded to lower rates, this is compensated in many 
subsystems by task duration extensions through the manufacturing algorithm. 

) 



Eng/O.• 

R&D 

Construction 

M&S lnspec/Admin Pr/Fab Assambly Installation Contlngancy 

---+-Null 

R&O 

R&D '~ = 
Construction 

EOIA 
EDIA % = ----­

Construction 

Contingency 
Contingency%=--------­

Construction + EDIA 

Table 5. Cost matrix components 
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ESCALATION FACTORS 

Top level GEM Cost Estimate Summaries are expressed in FY90, FY91, and FY92 
dollars for this review. FY90 is SSC project base year. 

) 

Procedures followed by GEM follow DOE order guidance. Estimate worked bottom up in 
current year dollars. Comparison with project base year is made using official DOE 
escalation fa:ctors. 

Estimate presented here is not a fully escalated estimate. It is an FY92 estimate de­
escalated to SSC project base year. 

Our detalled study of national laboratory labor rates shows escalation far in excess of 
official DOE escalators. This high escalation (10% - 25%) is due to ES&H review and 
remedial plan overhead charges applied in FY92 following Tiger Team reviews. Since 
we have worked in FY92 dollars and applied DOE escalators to return to base year, 
our labor estimate for EDIA ls higher than that predicted by DOE 
escalation factors. This will be adjusted out in future as labor is assigned to lowest 
cost laboratories, and moved to industrial, university and foreign institutions. This 
will result in a marked lowering of EDIA labor costs in our estimate. 

DOE ESCALATION FACTORS: 

FY90 to FY92 

FY91 to FY92 

6.32% 

3.66% 

) 



GEM COST ESTIMATE SUMMARY 

June 23, 1992 
(with Liquid Argon, ISDT Option) 
(Costs in millions of FY90 dollars) 

Procurements/Fabrication 197 
Installation/.Assembly 58 

-----
Subtotal (Procurements and Labor) 255 

EDIA 113 (44%)* 

-----
Direct Costs 368 

Contingency 97 (26%) 
-----

Subtotal 465 

R&D 25 (10%)* 
-----

TOTAL DETECTOR FY90 $M 490 

* % of subtotal (Procurements and Labor) 

' • • • • • • 
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GEM COST ESTIMATE SUMMARY 

June 23, 1992 
(with Liquid Argon, lSDT Option) 
(Costs in millions of FY91 dollars) 

Procurements/Fabrication 202 
Installation/Assembly 60 

---
Subtotal (Procurements and Labor) 262 

EDIA 117 (44%)* 

----
Direct Costs 379 

Contingency 100 (26%) 
---

Subtotal 479 

R&D 26 (10%)* 
-----

TOTAL DETECTOR FY91 $M sos 

* % of subtotal (Procurements and Labor) 

) ) ) 
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GEM COST ESTIMATE SUMMARY 

June 23, 1992 
(with Liquid Argon, ISDT Option) 
(Costs in millions of FY92 dollars) 

Procurements/Fabrication 210 
Installation/ Assembly 62 

-----
Subtotal (Procurements and Labor) 273 

EDIA 121 (44%)* 

----
Direct Costs 394 

Contingency 104 (26%) 

-----
Subtotal 498 

R&D 27 (10%)* 

-----

TOTAL DETECTOR FY92 $M 524 

* % of subtotal (Procurements and Labor) 

' ' f f • 
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GEM DETECTOR SECOND LEVEL SUMMARY 

lnapactlon Proelf'ab Subtotal Sublolal Sublolal 
EngldNlgn M&8 Adlllln Malerlal AaHMbl)' ln11allallon Labor Malarial Lab & Man Condng. Total - lt•m kl k• k• k• k• k$ k• k• k• kl k• 

TOTAL SUMMARY OF OPTIONS 
522.5• OEllo wll.AR.LSDTI 19426 41103 31HO 210211 47181 15429 155302 285124 420425 103120 524344 
S22.5b OEMb w/ScFlb BoF LSD 11 73134 35281 34111 235144 38020 14620 147921 213943 431165 91130 530714 
522.5c GEMc wlARPDTI 69708 41541 37094 214499 4711& 15429 156397 261737 421133 105598 531730 
522.5d GEMd w/ScFlb BaF .PDTI 73834 35213 35021 239352 38720 14620 148695 281113 436808 100434 537242 

SUBSYSTEMS SUMMARY 
522.5.1 CENllW. TRACKER 7700 1896 272• 8386 2466 441 12530 11078 23608 766• 31271 
522.5.2.1 LIO ARGON CAL 12694 8725 396• 38605 16588 801 34056 4733' 81385 2246! 103847 
522.5.2.2 LIQARGFCAI. 3043 317 178 8509 1142 41 4404 6826 11230 407 15300 
522.5.2.3 SCINT LIO FCAL 3092 736 275 6031 1524 197 5087 6767 11853 3591 1544" 
522.5.2.4 SCtlTUQ HADRON 9485 1967 1091 25444 3896 46' 14936 27411 42346 1219: 54539 
522.5.2.5 BAFEMCAL 10330 1111 925 51219 3144 292 14691 52330 67022 1078• 77811 
522.5.3.1 MUON•PDn 10116 3035 10508 21211 21862 6226 39617 33341 72958 20591 93549 
522.5.3.2 MtX>N•~o1i 10116 3033 10474 17003 21163 6226 38844 29171 68015 19081 87101 
522.5.4 IN6'ET 11774 6907 8576 71602 4082 2544 24833 80652 105485 21611 127096 
522.5.5 B.ECTRONICS OPTS l\&C 15667 17003 1419 50099 219 3501 19231 68757 87988 21092 109080 
522.5.5 B.ECTRONICS OPTS B&D 12906 16389 1271 37371 219 2666 15597 55224 70821 16071 86892 
522.5.6 CXlrR<XHTFO.S 3742 1334 893 8959 0 1409 6044 10294 16337 3267 19604 
522.5.7 MERFACE 836 0 0 9129 1526 381 2743 9129 11872 3201 15077 
522.5.8 IM 3854 1888 8763 0 0 0 12617 1888 14505 145 15955 
;~~~~:::.~Bf-.=t~:~:::::t:i~W~~,~~\:A~@:f::!:< :_ .· .·. ~·. 

:·:·:·:·:·'.·:·:.:.~ .. ,, 
I::n~t~B~~\1~@::~ :%:-.:::.:~g,,f:i::%1~f4·;:-:-:::-:-:-4~J :M#{~ff:?J: :;:':::;:::;::::~;::~::· ·.·.;,;, 
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GEM DETECTOR SECOND LEVEL SUMMARY 

ln•pecUon Proe/feb Sub101al Sublotel Sublolal 

Eng/dNlgn MIS Adm In Ma1erlal A•aambly lns1allatlon Labor Materlal Lab & Man Con ting. Total - llem k$ k$ k$ k$ k$ k$ k$ k$ k$ k$ k$ 
CONSm• ~TinN SUMMARY OF OPTIONS 

122.101 GEMa fwllAR.LSDTl 48339 24341 35407 210291 47186 15429 132631 248366 380998 94012 475009 
522.IOb GEMb fw/Scflb.B•F Lson 49664 22849 33493 235144 38020 14620 122258 271531 393789 88522 482310 
522.SOo GEMo twLAR.PDTI 48339 24348 35441 214499 47886 15429 133405 252536 385941 9551 481457 
522.SOd GEMd fw/Scflb Oaf PDT' 49664 22851 33527 239352 38720 14620 123031 275701 398732 90026 488758 

cONSmUCTION SUBSYSTEMS 

522.50.1 CENTRAL 'TRACKER 3869 801 2173 8386 2466 441 8152 9983 18136 5368 23503 
522.50.2.1 LIQ ARGON CAL 10490 1879 3968 38605 18588 806 31851 40483 72335 20085 92418 
522.50.2.2 UOARGFCAL 2002 100 178 6509 1142 41 3363 6609 9972 3795 13767 
522.50.2.3 SCINTLIO FCAI. 1947 97 275 6031 1524 197 3942 6128 10070 3067 13137 
522.50.2.4 SCNTLICl HADRON 7156 358 1091 25444 3896 463 12607 25802 38409 11001 49411 
522.50.2.5 BAFEMCAI. 6856 341 925 51219 3144 292 11217 51560 62777 9054 71831 
522.50.3. I MUONIPOTI 6933 1981 10508 21211 21862 6226 36434 32287 68721 19743 88464 
522.50.3.2 MlXlNll.SDTI 6933 1979 10474 17003 21163 6226 35661 28117 63778 18238 82016 
522.50.4 MN3IET 5813 1775 8576 71602 4082 2544 18872 75520 94392 19302 113695 
522.50.5 aECTRONICS OPrS A&C 13215 15817 1069 50099 219 3581 16429 67571 84000 20136 104136 
522.50.5 aECTRGllCS OPTS B&D 11074 15503 1010 37371 219 2666 13504 54338 67842 15395 83237 
522.50.6 COMP&CCffTIP..S 1409 147 393 8959 0 1409 3211 9106 12317 2463 14780 
522.50.7 INTERFACE 836 0 0 9129 1526 381 2743 9129 11872 3205 15077 
522.50.8 "" 3772 1848 8576 0 0 0 12348 1848 14196 142C 15616 
:~:~~~~;.{*~3~~~3~::::ff::~:#:y;:::t,~: ... _ .. :::f:~:t::hi::w,~~::~~!t:~f:::~~:Hfa:.,~~~~f:;fa.:.;!}~mr::t::,:::~:::: ,,:::t:::!:~*~~~rn. ~di!\ :.· .. -:-: #.(:t:~::.x. .. -:-:- .:-:~.--. ·~ ·. ..mm%n:ttx :}':~::::':::::~}: ::::;:::;::::::#:~::it::::~~~=::?:1~:t:~~"1.~§?:*i::~~*!~t:}~t/~:t:t:t::!::;~~:tW. ~~:~:t;:~~::~t' ::~*:~§:~::;:;::: ~:,.;:::··· 
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GEM DETECTOR SECOND LEVEL SUMMARY 

ln1pecllon Proclfab Sublol•I Sublotal Sublolal 
Eng/dMlgr 11&8 Adm In Matarlal Auembly lnstallallon Labor Malarlal lab I Man Canting. . Total 

WllS u ... k$ ., kS kS ., k$ ., kS kS kS kS 
R&D llUllllARY Of CPTIOHS 

122.Sla GEMi On 11905 13966 1147 0 0 0 12951 13966 26916 737l 34289 
522.51b OEMb lw/Soflll BoF.UOTI 15034 9760 1072 0 0 0 16106 9760 25866 7907 33773 
522.51• GEllo lwLAR ...... 11805 13966 1147 0 0 0 12951 13966 26916 737: 34289 
522.51d OElld lw/ScFlb Bof PDJI 15034 9760 1072 0 0 0 16106 9760 25866 790 33773 

R&D SUBSYSTEMS 
522.5.1.1 CENlllAl TRACKER 3278 837 468 0 0 0 3746 837 4683 1961 6651 
522.5.1.2.1 LIQ AAGoN CM. 1154 6804 0 0 0 0 1154 6804 7957 220! 10166 
522.5.1.2.2 LIQ AllG FCAI. 738 202 0 0 0 0 738 202 939 29: 1221 
522.5.1.2.3 SCINT LIQ FCM. 853 624 0 0 0 0 853 624 1477 524 2001 
522.5.1.2.4 SCINT LIQ HADRON 1895 1585 0 0 0 0 1895 1585 3480 118 4663 
522.5.1.2.5 BAFEMCM. 289! 741 0 0 0 0 2898 741 3639 152 5167 
522.5.1.3.1 MUOtHPDn 1791 754 0 0 0 0 1791 754 2545 50 3054 
522.5.1.3.2 MUONn..son 1791 754 0 0 0 0 1791 754 2545 50! 3054 
522.5.1.4 t.Wll£T 760 3595 0 0 0 0 760 3585 4355 991 5354 
522.5.1.5 aECTAONICS OPT'S A&C 2075 583 286 0 0 0 2371 583 2964 711 3675 
522.5.1.5 aECTIKJ'llCSOPl'S B&O 1ss.- 443 221 0 0 0 1771 443 2214 so: 2716 
522.5.1.6 CCMP&CCtllRCt.S 2009 1082 383 0 0 0 2392 1082 3473 69! 4168 
522.5.1.7 INTEll'ACE 0 0 0 0 0 0 0 0 0 0 0 
522.5.1.8 fM 0 0 0 0 0 0 0 0 0 0 0 
:* ··.:=:~•»:::.~ ...... »: ..JiL. ........ :;.:., . '*'··"~ .• .. • ... ·:<·:=·· .. \,::::-:-.: , -~: .. ,.:=:=:{:::::{f.%%f:::;::~w:~ .. -~=·, .... ... ~. •' . . . .. . ·-:-~:=f~K{~t:}:: ::::::ff:: l:::::~~:::~~~*~md~: ... ... :·:. . . :-~naj:::::::::i~Wt':!.~~~H::"::k.,::::::::::,::~:=:.:~::::'. tif:~t~d)~}Y 
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GEM DETECTOR SECOND LEVEL SUMMARY 

Inspection ProcJfab Sub10111 Sublotal Subtolal 
Eng/dealgn M&S Adm In Mal•rl•I Aaaamblr lnatallallon LabOr Malerlal Lab & Man Contino. Tol1I - ll•m •• •• •• k$ • • kS •• •• kS k$ •• 

CONCPT & PRED£SION SUMMARY OF OPTIONS 

522.52• GEMi wll.AR LSDTI 8283 2782 436 0 0 0 9719 2792 12511 253 15046 
522.51b GEMlt w/Soflb Baf LSDTl 9135 2652 422 0 0 0 9558 2652 12210 2501 14711 
522.52• GEMo wlARPDTI 9565 3235 476 0 0 0 10041 3235 13276 2709 15985 
522.52d GE Md w/Scflb Baf .PDT) 9135 2652 422 0 0 0 9558 2652 12210 2501 14711 

CONCPT & PREDESIGN SUBSYSTEMS 
522.5.2.1 c lAACKER 553 158 79 0 0 0 632 158 790 33 1122 
522.5.2.2.1 LIQ ARGON CAL 1051 42 0 0 0 0 1051 42 1093 16 1262 
522.5.2.2.2 LIQ ARG FCA1. 303 15 0 0 0 0 303 15 319 0 319 
522.5.2.2.3 SCINT LIQ FCAL 292 15 0 0 0 0 292 15 301 0 306 
522.5.2.2.4 SCINTLIQ HADRON 434 24 0 0 0 0 434 24 458 0 458 
522.5.2.2.5 BAFEMCAL 576 29 0 0 0 0 576 28 605 201 811 
522.5.2.3.1 MUONIPDTI 1392 300 0 0 0 0 1392 300 1692 338 2030 
522.5.2.3.2 M\JONASOTI 1392 300 0 0 0 0 1392 300 1692 338 2030 
522.5.2.4 MAGET 5201 1537 0 0 0 0 5201 1537 6738 1311 804'8 
522.5.2.5 B.ECTRONICS OPl'S A&C 377 593 54 0 0 0 431 593 1024 245 1269 
522.5.2.5 B.ECTRC»llCS OPfS B&D 282 443 40 0 0 0 322 443 765 174 939 
522.5.2.6 CCMP&CCtlTIU.S 324 106 117 0 0 0 441 106 547 101 657 
522.5.2.7 MERFACE 0 0 0 0 0 0 0 0 0 0 0 
522.5.2.8 FM 82 40 186 0 0 0 268 40 309 31 339 
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) 

!EQIA. RAP and Conalnggpngy Anmlyala 

Total Cool • KS Total Cosl • KS onstructlon Cosl • K EDIA ·KS EDIA% R&D • K$ R&D% ':ontlnneftf"U - KJ Conlln..encv % 

fw/conllnoencv 1 w/o conllnaencv IPr/Fab/lnsl/Assvl lno R&Dl (% ol consl.) 1% ol const.l %1lolal·R&D 

GEMa jwA.AR,LSDT) • 524344 420425 2721106 120602 44% 26917 10% 103921 26% 
GEMb (w/Scflb,Baf,LSDT) 5307114 431865 287784 118211 41% 25866 llllo 98930 24% 
GEMc (wlAR.PDT) 530791 425368 277814 120838 43% 26917 10% 105424 26% 
GEMd (w/ScFlb,Baf,PDT) 537242 436808 292691 118252 40% 25866 1111. 100434 24% 

CENTRAL TRACKER 31276 23608 112113 7633 67.6% 4683 41.11% 7668 41% 
LIO AAGOO CAL 103847 81385 55989 17428 31.1% 7858 14.2% 22463 31% 
LIQARGFCAL 15307 11230 7691 25118 33.8% 838 12.2% 4077 -SCMLIQFCAL 15443 11853 7751 2625 33.9% 1477 18.1% 3580 35% 
SCINT FIB HADRON 54539 42346 29804 9083 30.4% 3480 11.7% 12193 31% 
BAFEMCAL 7711! 67022 54655 8727 16.0% 3638 6.7% 10788 17% 
MIOl(PDT) 93549 72958 49298 21114 42.8% 2545 5.2% 20580 28% 
MIO! (LSlll) 87101 68015 44381 21078 47.5% 2545 5.7% 18086 28% 
waEr 127086 105485 78229 22801 29.3% 4355 5.6% 21811 21% 
ELECTRONICS OPrs A&C 109080 87988 53819 31125 57.7% 2964 5.5% 21092 25% 
ELECTRONICS OPrS B&D 86892 70821 40257 28352 70.4% 2214 5.6% 11071 23% 
µa.tpa.cnmns 19604 16337 10368 2496 24.1% 3473 33.11% 3287 25% 
INTERFACE 15077 11872 11036 836 7.6% 0 0.0% 3205 27% 
fM 15955 14505 0 14505 lnllnlly 0 0.0% 145~ 10% 
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GEM DETECTOR LABOR RATE ANALYSIS 

COSTCATEGC:ru:S 
E ... ~ IM-"ICIAdfatn AHtmbh lnslallallon 

l1bor Ra14 ..... Ra11 """ Ral1 labot .... 
stmYSTIMS m• kS/mv m• kSlmv m• k$JmY m• k$tmv 

Cl 79 " •• 92 3 " s " LAA 101 125 .. 13 253 " ,. 50 
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__ ._o 
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GEM INTERNAL COST REVIEW 

Reviews are scheduled periodically. In some cases, review panels are appointed, with 
some non-GEM members. Action items and findings are written up and provided to 
the design and estimating team and to the GEM Executive Committee. 

Some recent GEM internal reviews: 

2/25/92 
3/19/92 
4/4/92 
4/21/92 
4/22/92. 
4/23/92 
5/6/92 
5/7/92 

Central tracker review 
Electronics cost review 
Magnet cost review 
Liquid argon calorimeter cost review 
Other calorimeters cost review 
Electronics cost review 
Muon system cost review 
Central tracker cost review 

These are called by GEM Project Manager. Other reviews take place within the 
subsystem groups. 

) 
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INDEPENDENT COST ANALYSIS 

Earlier this year, SSCL declined to call an external (to GEM) cost review. We planned 
to present a preliminary cost estimate to the July PAC session and a final estimate at 
TOR submission. 

As a management tool, we decided that we needed an independent review of GEM 
cost estimating as an ongoing process. This was accentuated by the lack of scheduled 
external rev\ews. 

GEM has hired U.S. Cost/SAIC to perform an independent analysis of all GEM 
estimating methodology, all GEM subsystem estimates, and to search for uniformity 
in apprqach, and to independently review our labor, manufacturing, assembly, 
installation, EOIA, contingency estimates. 

We got authorization to proceed with this contract at the beginning of May and began 
the work with the scintillating fiber calorimeter (the most conventional detector 
assembly problem in GEM), the magnet, our methodology, and cost/schedule controls 
system. The magnet report is due this week. 

We will receive several reports prior to the July PAC meeting and all will be received 
prior to technology choices. 

We have been informed that this company is being placed under contract to provide 
similar services for SOC . 

t • • • • • • t 
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GE;,\tl Mll.ESTONES 

NTP GEM Conceptual Design 
Detector Cost Book Review 

I 

Magnet Conceptual Design Report Submittal 
PAC Detector and Magnet Specific Review 
GEM Baseline II Complete 
Magnet Design Report Submittal to DOE 
DOE Magnet Review 
Technical Proposal Submittal 
DOE Technical Proposal Review 
Detector Ready for Physics 

II 

Start Title 1 Design of UG Hall 
Start Design of Magnet Coil Building 
Complete Title 1 of the Magnet Coil Building 
Calorimeter Option Decision 
Start Tide 1 of Other Surface Facilities 
Start Title 2 Design and Details of UG Hall 
Joint Occupancy of the Underground Hall 
Start Magnet Rail Installation 
Start Magnet Installation 
Beneficial Occupancy of Underground Hall 
Start Calorimeter Installation 
Start Muon Installation 
Start Tracker Installation 
Detector Installation Complete 

January, 1992 
June, 1992 
June, 1992 
July, 1992 
September, 1992 
August, 1992 
September, 1992 
November, 1992 
March, 1993 
October, 1999 

April, 1992 
April, 1992 
July, 1992 
August, 1992 
September, 1992 
October, 1992 
January, 1996 
January 1996 
April, 1996 
August, 1996 
May, 1997 
December, 1997 
June, 1998 
April, 1999 

MH 6/17/92 
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WORK IN PROGRESS 
AREAS OF POTENTIAL ESTIMATE GROWTH 

1. Audit of all conventional equipment in Interface Systems and in all subsystems to 
properly identify missing and duplicated items. 

2. ManagemE!nt of foreign activities. 

3. Costs traded off for schedule to be included, if necessary, when mature schedule is 
completed. This work has to be coordinated with conventional facilities design now in 
Title I. 

) 
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WORK IN PROGRESS 
AREAS OF POTENTIAL ESTIMATE DECREASE 

1. Assembly estimates now based upon manufacturing engineering approach for 
major subsystems. No manufacturing optimization has been performed. This 
optimization expected to decrease estimate by at least $6 million FY92$ (10% of 
approx. $60 million in current estimate). 

2. Optimization of Engineering and Design labor rates by selecting lower cost suppliers 
without downgrading skill mix can be expected to save at least $7 .5 million FY92$ 
(10% of approx. $75 million in current estimate). 

. . .. 
3. Eliminate stainless steel from magnet FFS, central support and undercarriage, and 
substitute low carbon steel. Magnetic field impact under study. Novosibirsk requests 
this change. Estimate cost would be reduced by $5.6 million FY92$. 

4. Eliminate mobility from magnet design. Estimate reduction $1.5 million FY92$. 

5. Reduce total calorimeter thickness from 12 interaction lengths to 11. Impact upon 
muon system under study. Estimate reduction at $5 million FY92$. 

These items could represent a $25 million FY92$ reduction if all were achieved. 
These are reductions to the US cost estimate . 

• •· • • 



) ) ) ) ) ) ) 

TRANSITION TO FUNDING PLAN 

This estimate will be maintained as design for TDR matures. Estimate growth will be 
balanced by cost discipline to maintain a design cost below our target. 

Final GEM cost volume in TDR planned to include this estimate with actual costs from 
institutions committed by collaboration to produce agreed upon items, to the 
maximum extent possible at the TDR submission date. This plan will make use of 
foreign cost:offsets, TNRLC, and high-energy physics base program efforts. The use of 
foreign, university and student labor will further lower the labor costs beyond the 
optimization described above. 

A fundi~g plan for foreign and non-SSCL project participation is being developed 
within GEM. 


