SDC Cost / Schedule Overview

Superconducting Solenoid & Cryogenics
WBS 4.1 and 4.2

Fermilab
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4.1.

N

[
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o °F

a
LA

\RY STATUS OF COST DATA

Superconducting Coil

Power Supply System

Control Dewar System

Controls & Inst.

Safety Report

Assembly & Test

Magnet Map Device

Mgm't & Integration

Cost/Shedule estimate:
-Supplied by Japan

Cost estimate:
-Vendor quote
-Engineer estimate

Cost estimate:
-Based on replacement cost
of CDF control dewar.

Cost estimate:
-Engineer estimate based on
communication with vendor.

Cost/Schedule estimate:
-Based on FNAL experience

Cost/Schedule estimate:
Engineer estimate

Cosi/Schedule estimate:
Engineer estimate based on
FNAIL experience (Zip Track).

Cost estimate;
- Engineer estimate based on
CDF experience,



4.2.1 Refrigeration Systems Cost/Schedule estimate:
-Vendor quote
-Engineer estimate

4.2.2 Transfer Systems Cost/Schedule estimate:
-Detailed engineer estimate

4.2.3 Aux. Cryo Systems Cost/Schedule estimate:
-Engineer estimate

4.2.4 Vacuum Systems Cost estimate:
-Vendor quote

4.2.5 Safety Report Cost/Schedule estimate:
-Based on FNAL experience

4.2.6 Assembly & Test Cost/Schedule estimate:
- Engineer estimate

4.2.7 Mgm't & Integration Cost estimate:
- BEngineer estimate based on
CDF experience,



SDC SOLENOID/CRYOGENIC SYSTEM

PROTOTYPE MAGNET
SOLENOID COIL
HELIUNM SYSTEM

INSTALLATION & TLEST
"IN HALL"

4.0 SC MAGNET
4.1 5C SOLENOID

4.2 CRYOGENIC SYSTEM

Superconducting Coil as a % of Total 1.1 costs = 75.8%

Helium Refrigeration Svstem as a % of Total -2 costs =

COST/SCHEDULE DRIVERS

MAT'L
&
LAB

29.2

EDIA

N
N

|

I

1

Q

A

b
N

DURATION
2.25 YEARS
.25 YEARS
+.75 YEARS

0.75 YEARS

19% 6.7

MILESTONE

FEB 9+ TEST/1 AN
FEB 97 TEST  APAN
JUL 97 TE:  SCL

JUN 98 MAP MAG

%
CONT CONT TOT

101 31% 2.4
8.3 33%  33.9

1.8 27% 8.5

55.5%



COST NUMBERS SUPPLIED BY TAKA KONDO:

PROTOTYPE SOLENOID

Design, management
Superconductor

Coil Winding

Cryostat & Cryogenics
Power Supply for Test
Monitors

Assembly & Inspection
Excitation Test

SDC SOLENOID

Less Installation Costs = $1.1 M

140 yen = $1

Design, Management
Supercondutor

Coil Winding

Cryostat

Monitor System
Assembly & Inspection
Excitation Test
Transportation

Installation & Test

oooooooooo

$5.4 M

$.36 M
$1L.IM
$1.2M
$1.0M
$.86 M
$.14 M
$.29 M
$.36 M

$26.8 M
$25.7 M

WBS #
4.1.1.8

4.1.1

PPN SN NS N S NS N

LA L B L0 B et

Cont.
68%

38%
24%
28%
24%
24%
32%
32%
16%

Base $
3.27M

1.02M
4.60M
4.38M
4.36M
968M
2.T3M
612M



SDC Superconducting Solenoid Cost Summary

Mfg Total w/

Mat'ls. | Labor | EDIA Base Cont. Cont. Cont.

(3k) ($k) ($k) (3k) ($k) Yo ($k)
. |superconducting Coil 21,923 0 of 21,923 7,988 32.8 | 29,111
¥ |Power Supply System 366 303 504 1,263 296 23.4 1,560
% |control Dewar System 262 200  173] 455 127] 27.9 582
%, - |controls & Instrument. 110 140 138 388 124 32.0 512
' Isafety Report 30 of 1200 150 39| 26.0 189
- |Assembly & Test 100 69 189 358 158] 44.1 516
Fleld Mapping Eqpt. 250 184 173 607 243F 40.0 850
Mgmt. & Integ. 40 0 384 424 161 38.0 585
Total $.C. Solenold 23,081 716 1,771] 25568, 8,337 32.6 | 33,906




L 3Dwd

S88 = st vk §08 8¢ oF o o uogmbeny p juewebsusy gLPp
0s8 oo £r2 109 gge  est $EY 5L 058 "1dbg Buddep pieis oneubeyy LU
918 oyy 86t 8sE 228 68l 691 63 o0t 80} 9 Ajquessy gLy
681 692 6c 054 008 odt o8 o oe yodsy Aejeg Sy
215 02e A 88¢ €9 Bgl 088 opt oLl UONBIUSIINIIBU] § SINU0D Y
28S o8z Lzt &Sk UBE B 252 02 AT weishg Jemeq fuuon o]
seh 082 $6 ove S0S 3t 891 95t zi se} P Aquwessy AN,
0ze 0’91 oe 061 68 sl gt 68 09 siopasg p Bugen oy 9T LY
851 o2e iy yrd) 29'g8 2e ] gl o “ASU] 7 BIBINpSURIE UBLnD STy
zie A $02 698 8t g2 pE op weshg uogosiold Youeny L&A 4
0el oot gl gl R &l 41 19 aI0sisey dwng oy
2 08l 02 vZl A 18 £8 ze ie SHOS 9 SoUDIMG gLy
18t 09t 92 $9i oee 86 £21 g z2l IBAGHH Ul 12y
095t YEZ 962 yoe'L 3l ¥65 639 08 o) weysdg Aiddng semoy ZLe
005'S 089 A §L2°C o 0 822°C o p28'E jeuBeyy edAiojasg gLy
10F°L 0BE 98¢ 510°1 o o SLO'L O 510t vogauBen g wewebeuey LVLy
(5192 o9l 86 219 o 0 2Llg o zig 108§ of uogeyodsurs | oLy
009 0ZE €48 2210°8 o 0 121°8 o LBEE SLULP
002"} 092 zee 396 g 0 ©eg G 96 welsiAg uogeIueWIIsY] YLELY
00b'S ove SH0°L o] o o §5E"Y o ool S weshg jemeclin ANN
009'S 082 g22't SLE'Y o v 5By g SLEY wewdnbz Supuips oD AN
004's o've 018 165" o o L65'% v L65'Y euips Bugonpuowedng iy
LiL'se Lee  esl'L £26'12 o 0 £26'L2 0 £26°128 f1o Bugonpuocosmdng LLy
206'€e g2e  le68 895's2 69 I8L°E3 214 LB0'Ee picueios Sugonpuo L




SDC Cryogenics System Cost Summary

Mfg Total w/
Mat'ls. | Labor EDIA Base Cont. Cont. Cont.
(3k) ($k) ($k) (8k) ($K) Yo ($k)

Refrigeration Systems 3,913 28 453 4,394 1,252f 28.5 5,646
Transfer Systems 668 424 418 1,511 332] 22.0 1,843
Auxililary Cryogenic Sppt. 20 4 43 68 220 32.4 90
Vacuum Systems 189 42 133 365 g2l 25.2 457
Safety Report 2 0 104 106 23 21.7 129
Assembly & Test 10 82 23 115 410 35.7 156
Mgmt. & Integration 5 0 126 131 20| 2241 160

Total Cryogenlcs Sys. 4,807 580 1,300 6,690 1,792 26.8 8,482
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4.1 Solenoid Subsystem Milestones
4.1.1 Superconducting Coil
DATE MILESTONE DESCRIPTION
May-94 Complete Fixed Design Repori/Start Fabrication
Mar-95 Superconductor fabricated
Feb-96 Complete winding of SC Coil
Oct-96 Complete magnet assembly in cryostat
Feb-97 Magnet tested (in air)
Mar-97 Arrives at SSCL
Apr-97 Available TOH
4.1.1.8 Prototype Coil
DATE MILESTONE DESCRIPTION
Feb-93 Complete winding of SC Coil
Feb-93 Vacuum vessel delivered to Japan
Oct-93 Complete magnet assembly in cryostat
Feb-94 Magnet tested (in air)
4.1.2 Power Supply System
RATE MILESTONE DESCRIPTION
Nov-95 Complete design of power supply & QPM
May-96 Fabricate power supply/QPM system
Nov-96 Test system
Dec-96 Power supply system delivered to Japan
4.1.3 Control Dewar System
DATE MILESTONE DESCRIPTION
Mar-96 Complete design of Control Dewar
Feb-97 Complete fabrication of Control Dewar
Mar-97 Test Control Dewar
May-97 Control Dewar arrives at SSCL
4.1.4 Controls and Instrumentation
MILESTONE DESCRIPTION
Mar-95 Complete design of integrated controls system
Mar-96 Complete fabricarion of integrated controls system

May-97 Controls system available at SSCL



4.2.2

DATE
May-96
Feb-96
May-97
Jul-97

4.2.3

Apr-96

Jon-97
Jul-97

4.2.4

Mar-97
Apr-97

Magnetic Field Mapping Equipment
MILESTONE DESCRIPTION

Complete design of equipment
Complete fabrication of equipment
Eguipment delivered 1o SSCL
Available TOH

4.2 Cryogenic Systems

Refrigeration Systems

MILESTONE DESCRIPTION

Issue contract for helium refrigerator

Complete design of integrated cryogenic system
Issue contract for LN9 dewar

Assembly start at SSCL

Assembly complete at SSCL,

Available TOH

Transfer Systems

MILESTONE DESCRIPTION

Complete design of iniegrated transfer systems
Assembly start ag SSCILL

Assembly complete at SSCL

Testing complete

Auxiliary Cryogenic Support Systems

MILESTONE DESCRIPTION

Complete design of cryogenic equipment for VLIC's,
nitrogen purge systems

Complete fabrication of systems

Assembly complete at SSCL

Vacuum Systems

mpi@t@ design of vacuum systems
Complete fabrication of vacuum systems
Assembly complete at SSCL



Table 5-17

Overall schedule for the prototype solenoid and the production
solenoid. The Japanese fiscal year begins April 1 of the year

indicated.

JEY1991 Prototype Magnet Development
—Superconductor fabrication
—Winding machine developruent
—QOuter suppert cylinder fabrication
—JIsogrid vacuum wall development

JEY1992 =={oil winding
~{ryostat element fabrication

JEY1993 ~Assembly of the magnet
—Cool-down and excitation in air

JEY1994 Production Magnet Fabrication

JEY1995

JEY1996

JEY1997

—Guperconductor fabrication
~{ryostat element fabrication

0il winding

~-Magnet assembly

~—Magnet assembly continued
—Clool-down and excitation test in air
—Transportation to SSCL
—(lool-down and excitation in iron
—Field mapping
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FIG. 15-1. A summary of the schedule for the design, construction and installation of the SDC detector.




REALITY

CHECK:

* Compare Manpower Estimate of SDC with CDF Experience

Magnet

Support

Classification:

Engineer

Engineer Assoc.

Drafting

Technicians

FKlectrical

Support

Classification:

Engineer 2.5
Engineer Assoc. 2.5
Drafting 2.5
Technicians 5.0
Refrigerator Support
Classification: CDOF
Engineer 6.0
Engineer Assoc. 1.5
Drafting 2.0
Technicians 5.0

TOTAL SUPPORT:

Classification:

Engineer

Engineer Assoc.

Drafting

Technicians

CDF Experience

N RN e
OO

CDF Experience

CDF Expernience

16.0 manyears? <
5.50 manyears (
6.50 manyears
12.0 manyears

7o

manyears
manyears
manyears
manyears

manyears
manyears
manyears
manyears

Experience

manyears
MAanyears
manyears
manyears

SDC

o
=t 0 W WA

SDC

e OO

Estimate

manyears
manyears
manyears
manyears

Estimate

manyears
manyears
mManyears
manyears

"
4

manyears

manyears
manyears
manyears

" Estimate

manyears
manyears
manyears

SHle My

It appears that the level of manpower estimated for SDC is
comparable with that used for CDF in some areas.
level of manpower is higher in total.

As expected, the



REALITY CHECK I

* Compare Cost Estimate of SDC with LBL paper by R. Byrns
“Estimating the Cost of Superconducting Magnets and the Refrigerators to

Keep Them Cold”

Cost Equations for Solenoid Magnets:
662
C(M$) = 0.523 [E(MJ)] = (0.523 [146]

3577
C(M$) = 0.868 [V(Tm )] = (.868 [145]

SDC Estimates

Cost Equations for Helium Refrigeration:
7 A
CMS) = 1.51 [R(kW)] = 1.51 [1.5]

SDC Esumates

662

= 14.2 M$

577

= 15.4 M$

= 20.2 M$ Base
55M$ Cont

2577 M$ Total

= 3.6 M$ Base
1.1 M3% Cont

4.7 M Total

100 oo
1 Gosts are Glven in 1981 Dollars
o L
8 | a
a Cast (MS) = 1.51 R 07 (F given in kW) | )
AP U W W | L . ) T N N | !
iy 10
= ‘ STy
- Tey
2 Tl <
2 1] 53
L Y
@ 1.0 : :
m ; Fa R m i
@ S Lo ® :
= | b { I i
& o —ross—e
€3 ol | ‘O |2 Bl |
5 BNEAPY:
8 041 ]
5% et ; : et e
b et " i . ga i [ | LLLE 5 ot
s ! o ( }
o> Lot i i i % Swrobrdge et. al. (1966)
Lot ‘ i O Strobridge (1974)
1 ‘ ‘ ‘ l l @ Cost Dats atier 1974
0.01 - N
06.001 0.01 0.1 1.0 10 100

Helium Refrigeration at 4.5 K (kW)



SDC REALITY CHECK III

COMPARE THE SCALED UP HISTORICAL COSTS OF CDF TO SDC ESTIMATES:

CDF magnet in 1983~-84 dollars cost $4M (000M yen) [Parameters=30M] and 1.5T]
Scaled for inflation = $5.3M (4%, 7 years)

Scaled for stored energy =§15.1M (using formula; [146/30] '6632

* This compares favorably with the costs generated by LBL cost equations.

CDF refrigerator in 1983-84 dollars cost §IM [Parameters=6KW, FNAL labor]
Scaled for inflation = §1 .5M (6%, 7 vears)

7
Scaled for refrigeration = $2.9M (using formula; [1.5/.6] )

* This is more than the costs generated by the LBL cost equation but less than
the quote from the vendor (which is expected).



