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* Philippe Lebrun: CLIC Cost & Schedule W.G.
mandate, organization, & activities 2009

* Philippe Lebrun: Probabilistic Cost Analysis

* Katy Foraz: LHC Scheduling Applied to CLIC & LHC

* Brian Foster: Issues Relating to ILC Governance
Peter Garbincius: Demonstration & Status of Triad’s ICET
All: Work toward common CLIC-ILC document on Cost Risk

Also participating: Germana Riddone, Tetsuo Shidara,
Jean-Pierre Delahaye, John Carwardine,
Emmanuel Tsesmelis, Claude Hauvillier,
Louis Rinolfi, Vic Kuchler, Chris Adolphsen

* denotes presentations posted on TILCO9 INDICO website
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ﬂ,ﬁf@ CLIC Cost &Schedule Mandate

Establish and optimize the cost of the CLIC complex at the nominal
colliding beam energy of 3 TeV, as well as that of an optional first
phase with a colliding beam energy of 500 GeV

Define and optimize the general schedule forthe 3 TeV and 500
GeV projects defined above

Estimate the electrical power consumption of the 3 TeV and 500
GeV projects defined above

|dentify possible modifications of parameters and/or equipment
leading to substantial capital and/or operational cost savings, in order
to define best compromise between performance and cost

Develop collaboration with ILC project on cost estimate
methodology and cost of common or comparable systems, aiming at
mutual transparency

Documentthe process and conclusions in the CDR in 2010
(see posting for Methodology & Activities)
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Beam and Services

IMain Beam Production
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2.3. Beam transpaort
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level 3
Sub-domain

+
1.11. Thermaionic gun unpolarized e-
1.1.2. Primary - beam linad for e+
1.13. &/a+ Target *

1.14. Pre-injector Linac fore+

1.15. DCgun Polarised e-

1.1 6. Fre-injector Linac forée-

1.17. Injector Linac *
1.%.1. fre-gamgingeﬂin%e*-é
1.2.2. Pre-damping Ring &-
1.2.3. Damping Ring e+

1.2.4. Damping Ring = -
1.3.1. Bunch Compressor#1 e+
1.3.2. Bunch Compressorﬁf &
1.2.2. BoosterLinac *
1.3.4. Transferto Tunnel e+,
1.3.5. Transferto Tunnel e-
1.3.6. Long Transfer Line e;
1.37. Long Transfer Line e-*
138 Turnaround e+ B
1.3.9. Turnaround e- .
1.3.10. Bunch compressor&s2 e+
1.3.11. Bunch com pressorﬁfe-

211 linac e+
2,12 Linac =
2.21. Delay Loop e+ +

2.2.2. Delay Loap e-
2.23. CombinerRing&1 e+

-

. CombinerRingsle-*
. CombinerRing#2 e+«

3.11. Two-Beam Maodules Type 0 e+

Componentlevel

not yet defined

Level 4 system
1 RF System )
2 RF Powering System
3 Vacuum System
4 Magnet Powering System
5 Magnet System .
6 Cooling System -
7 Beam Instrumentation System
8 Supporting System
9 Alignment systent
*10° Kicker system = = = = = = =
11 Cryogenic system’
12 Laser system
13 Collimation system
14 Stabilisation Systém
15 Absorbers )
16 Damping system )
17 Electron Gun ’
18 RF deflectors
19 Installation
20 Commissioning
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.ECusting Tool v 0.1 - Windows Internet Explorer provided by CERN
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g Open ﬁ Reject changes

4 11 1. Injectars

-} Costing Tool v 0.1
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Thermaianic gun unpolarize;

|
Prirmary e- beam linac for e4§

e-ie+ Target
Pre-injectar Linac far e+
D gun Polarised e-
Fre-injectar Linac for e-

Injectar Linac
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General Estimates

Darnain:

Sub-Diarnain:

EDMS Link to element
documentation:

Date of the estimate:

Technical Responsible:

1.2, Damping Rings
1.2, Beam transport

4 "] 2. Drive Beam Production
bopd 21, Linac
b ] 2.2. Frequency Multiplicatian
) 2.3 Beam transport
4 ] 3. Two-beam accelerator
bl 31, Two-beam modules
132 Postdecelerator
4 ] 4. Interaction Region
] 4.1. Beam Delivery Systems
b ] 4.2 Machine-Detectar Interface o
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L Accept changes

Injectors

Thermoionic gun unpolarized e-
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‘€ Costing Tool v 0.1 - Windows Internet Explorer provided by CERN
A= d_; http: [ flocalhost 80580/ clic/gwt frern, ppt.wbs  WEBSTree MBS Tree. hkml V' 4| % L2
. = — = =, »
e AR | @ Costing Tool v 0.1 [ oo~ B dsh v [bpage - (3 Tooks -
Costing Tool v 0.1
B¢ Cpen A Reject changes ~~‘-‘"/"?.ﬂ'n:cnapt changes
Project Structure General Estimates
Marme Property Linit 3 Tew 500 Gey Uncertainty Comments freferences
F & || o
-] 3. Two-beam accelerator -|| @ Industrialisation and tendering —
v 3.9, Two-hearn modules Start date (after project start) years 0.00 oon
 [13.2. Post decelerator Duration s 1.00 000
4 1 4. Interaction Region Material cost weeks 10,000.00 0.00 see EDMS doc 12345
- ] 4.1. Beam Delivery Systems Manpower - Tech. years 1.00 000 details in EDMS docume...
y ||__J 4.2. Machine-Detector Interface Manpover - Eng. man-yesars 2.00 0.00
- [ 4.3. Experimental Area
» ) 4.4, Postcollision line [ e
4 7] A Infrastructure and Services Start date (after project start) years 050 a0
4 (151, Civil Engineering Duration years 2.00 000 Cf
4 71811 Underground Facilities Fived cost CHF 1500000 oo
{.18.1.1.1. Shafts Proportional cost CHF 16,500.00 jui]
] 5.1.1.2. Tunnels Manpoweer - Tech. man-manths 24.00 0o
] 8.1.1.3. Experimantal Area Cay Manpower - Eng. man-months 36.00 0.0
16114, Cavemns
15115 Miscellaneous works 2 Reception
» 1512 Surface Structures Start date (after project start) years 0.00 000
- ) A.1.3. Site Development Duration years 0.00 000
5.2 i ied co ooa, :
(152 Electricity Fixed cost EUR: 20,000.00 0.o0
- 5.3 Access and Communications || Proportional cost CHF 000 000
|
<| =Tlr 4 Eltal 5 | Manpowver - Tech. man-years 0.00 0.0o v
L Fs
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(E? “éﬁ \ Cost variance analysis => Probabilistic approach
CLIC “'ﬂ

e depends on correlations between estimated items

Cost Evolution of Technical Evolution of Commercial Industrial Exchange
variance configuration risk in market strategy of price index rates, taxes,

factor execution vendor custom duties

Lot 1

Lot 2

Lot 3

Lot N

Total

I 111 I 1

Not addressed here Coped for in tender price variance Deterministic & compensated,
not addressed here
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Number

cLic f/

LHC experience on tenders

‘Electronlcs 24 offers)l

Densités de probabilité du codt des lots
(lois exponentielles)

‘Cryogenics & vacuum (35 offers)

—Lot1

0.1

Number

Tende
o e

‘Mechanical components for SC magne|

0.08

Number

(m=290, 0=40)
—— Lot 2 (m=170, 0=20)
Lot 3 (m=110, 0=10)
Lot 4 (m=320, 0=20)
——Lot 5 (m=210, 0=10)
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1
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Tender price relative to lowest bid
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Conclusion: proposed procedure
for probabilistic cost analysis

|dentify sources of cost variance and separate
deterministic effects

|dentify correlated random effects and estimate their
standard deviations (not to be added quadratically!)

Estimate mean value and standard deviation of
Independant elementary costs and modelize by simple
skew law, e.g. exponential

Apply central-limit theorem and/or Monte-Carlo on sum
of independant elementary costs

Apply uncertainty due to correlated random effects on
previous result

Apply compensation of deterministic effects by
established factors (e.g. currency exchange rates &
Industrial price indices)

vital question: whatitems are or what fraction is correlated?

CLIC-ILC Cost & Schedule 9
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Z - Shaft excavation and Cavern-halls construction
m i based on same hypothesis as M. Gastal =

s || unlimited resources

o 1 Times derived from Amberg Studies

10

| | | | | | |

[[] siteinstallation & shaft excavation Tunnel excavation

[l cavernandhals . Tunnel concrete and finishes

B TBM installation -
CLIC-ILC Cost & Schedule 10
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Excavation : 9 TBM - 200m/wk T

Concrete and finishes: 400m/wk

Civil engineering will deliver finite sections of

Ol | N0 | Prd~|lW]|IDN]PF

10

machines, and not continuous meters

[[] siteinstallation & shaft excavation Tunnel excavation

[l cavernandhals . Tunnel concrete and finishes

[ ] TBM installation -
CLIC-ILC Cost & Schedule 11



4 — =1 —
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6

7 Assumptions: unlimited resources meaning 12

s || teams for each type of work and for each tunnel |
0 111 (24 teams of electricians for instance) :
10 | | | | | |

[] Survey : geodesics & marking positions [] Piping & ventilation

B Electrical general services [] cabling

CLIC-ILC Cost & Schedule
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10 ||

Assumptions: unlimited resources 11!
In summary for 7 years installation
9 TBM, 24 electricians teams, 12 cooling and ventilation
teams, 12 teams for machine installation

------ Support installation and alignment (250m/wk)

—— Machine inst.: transport and interconnections (progress rate to be confirmed 100m/wk)

maybe more realistic: -4 TBM, 8 elec;4-hvac,2 mach inst =>8.5 yrs
CLIC-ILC Cost & Schedule 13
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J[IL Questions of Order of Construction "ﬂ
Relation to Commissioning Plan CLIC

 How to optimize commissioning — earliest dates?
Electron source, Auxiliary positron source, DRs

 Need entire Main Linac tunnel completed and
people excluded to bring beam to far end to study
RTML transport, turn-around, bunch compressors
and to start beam @ low energy end of Main Linac

Do you concentrate on 1 ML early or both later?
e Personnel exclusion during RF (cryo?) testing
 Need ILC plan - learn from LHC experience!

CLIC-ILC Cost & Schedule 14
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“atomic”
parts —

Part WBS
1
11

1.1.11
1.1.1.1.1
1.1.1.1.1.1
1.1.1.1.1.2
1.1.1.1.1.3
1.1.1.1.1.4
1.1.1.1.15
1.1.1.1.1.6
1.1.1.1.1.7
1.1.1.1.1.8
1.1.1.1.2
1.1.1.1.2.1
1.1.1.1.2.2
1.1.1.1.2.3
1.1.1.1.2.4
1.1.1.1.25
1.1.1.1.2.6
1.1.1.1.2.7
1.1.1.1.2.8
1.1.1.2
1.1.1.2.1
1.1.1.2.1.1
p  1.1.1.21.1.1
1.1.1.2.1.2
p 1112121
1.1.1.2.1.3
p  1.1.1.213.1
1.1.1.2.1.4
p  1.1.1.21.4.1
1.1.1.2.15
p 1112151
1.1.1.2.1.6
p 1112161
1.1.1.2.1.7
p  1.1.1.21.7.1

T T T T T T TTOT

T T T T T TTTO

sets links

Description
TEC - test Construction format
Construction - Americas Region

Engineering, study work, documenation
In-house Engineering

Electron Source

Positron Source

Damping Rings

RTML

Main Linac

BDS

Experimental Area

Common

Outsourced Consultancy

Electron Source

Positron Source

Damping Rings

RTML

Main Linac

BDS

Experimental Area

Common

Underground Facilities

Shafts
Electron_Source
electron shaft part
Positron_Source
positron shaft part
Damping_Rings
dr shaft part
RTML
rtml shaft part
Main_Linac

ml shaft part
BDS

bds shaft part
Exp_Facilities
exp shaft part

ICET — WBS Configuration

\“\dezsi:

y

Workbook
TopLevel.xls
TopLevel.xls
Construction.xls
Civil.xIs
Civil_Eng.xls
in-house.xls
in-house.xls
in-house.xls
in-house.xls
in-house.xls
in-house.xls
in-house.xls
in-house.xls
Civil_Eng.xls
consultancy.xls
consultancy.xls
consultancy.xls
consultancy.xls
consultancy.xls
consultancy.xls
consultancy.xls
consultancy.xls
Civil.xIs

Underground.xls

e

Shafts.xls

Shafts.

&

Shafts.xls

Shafts.xls
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Worksheet
Level_1
Construction
Civil
Civil_Eng
In-house
Electron_Source
Positron_Source
Damping_Rings
RTML
Main_Linac
BDS
Exp_Area
Common
Consultancy
Electron_Source
Positron_Source
Damping_Rings
RTML
Main_Linac
BDS
Exp_Area
Common
rground

fts )
n_&)urce

Positron_Sﬁa
x>

Main_Linac
BDS

Exp_Facilities

File.xls

Quantity
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BUILD

ILC WBS v3.3 truncated xls

Fia G Ve Faewies Bedk el 3
vipeterglDenksapUCE T_¥1,3_1 marchir¥ Chumhbadsd, hta ; == i :
" Qs - Q- F D st [ oriien [T : :
CIEETE . L L L L L e e e e e e e - - - - - - - - - - - s - BB - s s e e e e e
21 b et il Sttt 413 et TS T oty ot o -+
Links in e bl under development. . T e a . .
Fiakaak on
s | Entimate Nama: hgL¥13 meskA Zapnid = T T T
Level:" =] . SITFE Ml Offion A7 00N 1) B .
TEPE Mot Offis ... 47000 B8 A .
| St || v || Exrmonor | [Encaancn | [ Gommraier SEED Bt Offce .. 4RCD0NS3) M ] .
e e e f|l by hand
BIIPE Mot Offin Doe... 4000 B0 200
) TENE Mcrmelt Offis Do, 4000 L2 & )
ITINE Moot Offis ... 4000 513 0
Build the Cost Estimate Werkshests LEEKE M OFfice £ [ . .
e A A T BHIR NSRS RE. ANEAFRS
) ) S Mt Offion .. 400 8
Build the Cobt Estimate Works heats from the Databass EE1YE Ml Ofm .. ATL00 £ 10
FOIE et Offis o, R0 85 P
LAMKE Moot (e la... ARZO00 B 20
FTVE el Offis re... ARE00 85 P
HPH“‘CMM LOERE Mucrmolt Office Dot A0V B M

Try the: below I|nk to a f|IIed -in
Cost Estimating.Module. Excel file.
Be sure to enable macros for full f

petergiDeakiepUCET_T1.3_1 bmarchid T ——
.......................... Icirvls..
Links iny *ang Sl uncker development

Level:

.. AT S AH
.. ATHERODN S 10 84
.. ATERODN S A
. A0 B

FskushPrograms | Egtimate Mame pha vt JestT-fapeid =]

09 Constructlon xls e
nam | JCETw12
. Links in ammlmm
: : TP ke ——
S SRR l.mll_'| ....... R R

[ tager [ uscter | [ atractor |[Fncalmtor [ReportGoneraae || |

WES Dictionary [WESDictionary_rpt) |

Summary Cost Report (CostSummaryExcel)

Detailed Caat Repon (CostSummaryEscelaliData)

Sager : Extracior | | Encatmor Imc-q-rw | :

Load Cost Estimate to uﬂ..lbl“

EXTRACT 0 S ]
to DB '

Summary I:.."Dllnlpﬂt‘ttlj'ﬁl'ﬁull IS 5 vE
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Summary Cost Report propagats tags (CostSummanypropagate Tegs)

Use EDMS for archive,

approval version control
current Triad emphasis



http://www-ilcdcb.fnal.gov/example_26march09-Construction.xls�

-"P/Cost Estimate Module example

- A
B3 Microsoft Excil - Cryomodules

E_I] Ele Edit View _“ e #fmat Tools Datz Window Help Type a
NEEHBSSRTE| S BB F0CAB B - @l calb - 12 % 1 % 5%
Al - ﬁr
=
A | B [ e 1 o [ E| F G I H I 1 [T K L [ ] [ w1 [a] [ P [ q | ¥ I
1
BASIS OF ESTIMATE [Cryomodules.zis]
Deseription” CM without Guad - 9C0Q [3/1: use for e« 8C00Q) Total Cost Total Cost With Risk
h Material
Reference Name: [US K Doll Eng [hrs) {US K Dollars) Eng [hrs)
Estimated by:
Prepared by
Date of Estimate
Code™ <1.03.03.02>
Tags?
Risk
Risk Factor z Risk Percentage = Total
Technical
Cost
Schedule
| 19 |
| 20 |
21
| 22 |
| comnems Line ltems — canreferencea
24
25
] - CostComponentor aPart
| 27 |
| 26 |
23 Total Cost Total Cost With Risk
Exchange
Unit of Rate to Material Mate
I | —bLAm v Risk % Estimate Material Co Currency dollars Eng [hrs) [US K Dollars) Eng [hrs) {US K Dollars) Eng [hrs) Entered By
| 31 [Supporting ltems and Systems
| 32 | Cavity Materials, Productian, & Preparation [Yield) .00 .00 00| $ . .00
E Miobium FRFA300 ] $153,929 Diallars 100 1430356.75 .00 a0 § 1433.219.47 .00
| a4 | Miobium FRF30 (Fre sctor Grade) ] $7.763 Diallars 100 GIBE250 .00 00| ¢ 7000223 .00
E Miobium Titanium ] $20076 Diollars 100 1855063 .00 00| $ 18,717.99 .00
E3 Cryaperm ] 35434 Diollars 100 43903.75 .00 00| $ 43,00155 .00
| a7 | TMachining ] $65,034 Diollars 100 534643.75 .00 o0 § 536,033.44 .00
Ea Assembly & Electron Beam Welding ] $13,418 Diollars 100 174757.50 .00 o0 § PEI07.02 .00
E1 Cavity Freparation ] $40524 Diollars 100 12E4TITE .00 000 § 126724308 .00
| 40 | Per Cavity fnot dependent on Cavity Yield) 0.00 3 - 0o
| 41| Titanium Vessel ] 20% $23457 Diollars 100 ZE5112.00 .00 00| § ZEDE43ZE .00
| 4z | Magnietic Shislding ] 20% #1317 Diollars 100 253,00 .00 00| & 17.267.51 .00
| 43| HOM Coupler 3 20% 0 Dullars 100 0o 000 oo 8 - 000
| a4 | Tuner Mechanics 3 20% F34506 Dullars 100 310554.00 000 oo 8 FIIFEN 000
| 45 | Tuner Electronics k] 20 #6052 Dallars 1.00 44463 60 oon 0o # 144 THZ 43 ono
| 45 | Piezo Tuner k] 20 #2260 Dallars 1.00 20250.00 oon 0o # 20,290.50 ono
| 47 | Cauity String fissembly [pro-rate per cauit ] 203 $63,000 Diollars 100 BET000.00 0.00 a0 ¢ BEE1234.00 0.00
| 48 | Pouwer Coupler ] 203 $103775 Diollars 100 93387050 0.00 a0 ¢ 935,832.44 0.00
| 49 | Cauity Cantral L] 202 47,978 Diallars 100 TIB06.50 .00 000f 3 T.a501 .00
| 50 ) Cryostat 0.00 E - .00
| 51 | Waeuum Vessel and Cold Mass 1 202 $118,397 Diallars 100 112397.00 .00 000f 3 e 63278 .00
| 52 | Module Eieam Pipe Connection 1 202 $22,241 Diallars 100 2224050 .00 000f 3 22,284.98 .00
| 5% | Module Instrumentation 1 20% #1200 Diallars 100 1200.00 .00 00| ¢ 130280 .00
| 54 | Module Cannection 1 20% $319 Diallars 100 11250 .00 a0 ¢ 312474 .00
| 65 | S Magnet, Comestor, BPIM Package ] 20% 0 Diallars 100 .00 .00 00| ¢ - .00
58 0.00 E .00
| 57 | .00 E .00
| 5 | .00 E .00
M 4 v v\ Sheetl / Sheet2 { Premiuf _8c2Q £ cm_8C1q { cM_6C6Q £ Definitions £ TEMPLATE / [<

Ready

Co3CCR ITPes entS IBehiod @lepecific cryomoduletype 17
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atomic
parts

Common parts from Cryomodules.xls

y

y

!

Example of Report — studying tags

WBS

1.02

1.02.01
1.02.01.01
1.02.01.02
1.02.01.03
1.02.01.03.01
1.02.01.04
1.02.01.04.01
1.03

1.03.01
1.03.01.01
1.03.01.02
1.03.01.02.01
1.03.01.03
1.03.01.03.01
1.04

1.04.01

1.05

1.05.01

1.06

1.06.01
1.06.01.01
1.06.01.02
1.06.01.03
1.06.01.03.01
1.06.01.04
1.06.01.04.01
1.07

1.07.01

1.08

1.08.01

1.09

1.09.01

Description
Electron Source
electrons
electron part 1
electron part 2
8C1Q

costs for 8C1Q
9C0Q

costs for 9C0Q
Positron Source
positrons

a pot full of positron parts

8C1Q

costs for 8C1Q
9C0Q

costs for 9C0Q
Damping Rings
rings

RTML
turn-arounds
Main Linac
Linacs
linacitem 1
linac item 2
8C1Q

costs for 8C1Q
9C0Q

costs for 9C0Q
Beam Delivery System
deliveries
Experimental Facilities
experiments
Common
commonalities

33,192
33,192
8,192

0

5,000
1,000
20,000
2,000
50,000
50,000

0

10,000
1,000
40,000
2,000

0

0

0

0
2,500,000
2,500,000
0

0
500,000
1,000
2,000,000
2,000

O O O O O O

Materials (U: Qty

[y
R O R Ul Rk R R R

N =
O rRr OR P R

[ N e = T e =

500

1000

N N e

Region Area

0 Electron Source

0
8192 Electron Source

0 Electron Source

0 Electron Source
1000

0 Electron Source
2000

0 Positron Source

0

0 Positron Source

0 Positron Source
1000

0 Positron Source
2000

0 Damping Rings

0 Damping Rings

0 RTML

0 RTML

0 Main Linac

0

0 Main Linac

0 Main Linac

0 Main Linac
1000

0 Main Li
2000

perime
0 Expein®n
0 Co
0 Common

CLIC-ILC Cost & Schedule

Tech & Global Sys

Dumps & Collimators

Magnets & Power Supplie

Cryomodules
Cryomodules
Cryomodules
Cryomodules

Vacuum System
Cryomodules
Cryomodules
Cryomodules
Cryomodules

Construction (Conv. Facili

o

il Wes
cilities

ryomod %
Cryomo

0 9 ery Syste
Delivery S, ry&genics
X

Installation

Phase & Timing (?)

18



in our common plans - 11/08: -
I -

\

Llcf"“'j'

-V CLIC-ILC Cost & Schedule Working Group WEBEX Meetings
1400 GMT - 2™ Thursday of each month

-V Keep work towards cost estimate mutually transparent
- V Profit by synergies

-V Understand and communicate unavoidable differences in the methodologies
used for the two projects

-V Construction & installation schedules for CLIC & ILC w same methodology — 6/09
- Common ILC/CLIC notes (for mid '09)

* Tunnel safety underground compliance
defer to: Fabio Corsenego - ILC-CFS and CLIC-CES groups

e Standardization methods to estimate cost of warm magnets including cabling
and power supplies — Braun & Garbincius gathering materials, but
international magnet fabrication experts — are just not available! - defer

e Description of cost risk assessment— Lebrun, Riddone, Lehner, Garbincius
reviewed other applications, started outlining this mgt — outline soon!

CLIC-ILC Cost & Schedule 19
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@:ﬁfj Methodology
\

o Establishrules & practices for cost estimation

— Analytical based on PBS at system/component level per
subdomain

— Synthetic estimators when detailed PBS not available
— Key actors are PBS domain/subdomain coordinators
— Address system experts through corresponding group leaders
— Currency conversion & price escalation
— Use of cost software tool
* |dentify major cost drivers & impact of alternative solutions and
technological breakthroughs

 Wheneverpossible, define a parametric model for estimating
variation of cost upon main technical parameters

« ldentify sources of variance & conduct cost risk analyses
 QOrganize, maintain & update documentation with restricted access
* Report periodically to CLIC Steering Committee

CLIC-ILC Cost & Schedule



@:Cw Activities 2009

 Reception specified costtool, including currency conversion & price
escalation procedures, and start applying it

» Establishresponsibilities, procedures & workpackages in cost
assessment

» |dentify domains of analytical costing and perform estimates
» |dentify areas of potential cost reduction and perform studies
» Conduct proper technical/cost scaling of first phase at 500 GeV

* Refine general schedule and derive manufacturing/reception
testing/installation constraints

» Update estimates of power & energy consumption, including part load
operation

e Collaborate with ILC on previously defined cost topics

— Costrisk analysis
— Cost of normal conducting magnets

CLIC-ILC Cost & Schedule 22



< | e.qg.PBStolevel 4 & cost coordinators

CLIC*

0.1

level 2

level 3

Injectors

level 0 level 1
Project Beam and Services
CLIC
Main Beam
@I 4 systems Experts
rf system W. Wuensch
rf powering system G. Mchonagle
collimation system R. Assmann
vacuum system P. Strubin
magnet system D. Tommasini, T. Zickler
powering system TBD
cooling system G. Riddone

beam instrumentation
supporting system
stabilisation system

alignment system
target system

T. Lefevre, H. schmickler

5. Riddone

C. Hauviller

H. Mainaud-Durand, JP. Que
K. Elsener

~

Damping Rings

Beam transport

snel

Sub-area

Thermoionic gun unpolarized e-
Primary beam linac for e-
e-/e+target

Pre-injector linac for e+

DC gun Polarised e-

Pre-injector linac for e-

Injector linac

Pre-damping Ring e+ 'T
Pre-damping Ring e-
Damping Ring e+

Damping Ring e-

Bunch compressor #1 e+

Peter H. Garbincius

November 20, 2008

Cost Management
I C\WSNe_lLIcC
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level 0 level 1

Beam and Services

Main Beam

Drive Beam

Interaction Region

CE and Services

Peter H. Garbincius
November 20, 2008

PBS comparison

level 2

r

:Ip
I

1 TEC
Injectors 1.01 Management
Damping Rings r o .
B transport r1 .02 Conventional Construction
Linac Accelerators 1.03 Electron Source
Beam Delivery Systems F N
post-collision line 1.04 Positron Source
1.05 Damping Rings
Injectors r - = =
Frequency multiplication 1,06 Ring To Main Linac
Beam transport r o -
Linac Decelerator '_1 '07 Maln Llnac
Dumps 1.08 Beam Delivery System
Machine-Detector Interface 1 .09 Experimental Systems
Experimental Area 1 .10 Glﬂbal Systemﬁ
Civil Engineering 1 ,1 1 Cﬂmmﬂn
Electricity

Access and Communications
Fluids

Transport / installation
Safety

Survey

Cost Management
I C\WSNe_lIIC

24



'-"E Basis of probabllistic cost analysis

* Followingthe PBS, the projectis splitin i lots, the cost of which are
random variables X; with

— mean value m,
— standard deviation o;
e The total cost of the projectis a random variable X = £ X
— with mean value m =X m;
* Inthe case when the X; are statistically independant, X = X X: is
characterized by
— standard deviation o = (T 62"
— probability density function (PDF) asymptotically tending to
Gaussian (central-limit theorem)
« Statistical independance or correlations between X, is more important
to probabilistic analysis of total cost, than detailed knowledge of the
specific PDFs of X.
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",IE Statistical modeling of component costs

 Heuristic considerations

— thingstend to cost more rather than less = statistical distributions
of X;are strongly skew

— PDFs fi(x;) are equal to zero for x; below threshold values b; equal
to the lowest market prices available

— commercial competition tends to crowd prices close to lowest =
PDFs f.,(x;) are likely to be monotonously decreasing above
threshold values b,

 The exponential PDF is a simple mathematical law satisfying these
conditions

f(x)=0 forx <b

f(x) = a exp[-a(x-b)] forx2b

« Characteristics of the exponential law
— only two parameters aand b

— threshold b
— mean value m=1/a+b
— standard deviation c=1la=m-b

— «mean value = threshold + one standard deviation »

CLIC-ILC Cost & Schedule 26



Densités de probabilité exponentielle et normale

(m =0, sigma =1)

\

\

—— Exponentielle
—— Normale

\

\

\

\
/\\

/

N\

0.2

AN

0.1 -
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0.9 1

F(x)

0.1 -

0.8
07
06
05 |
0.4
03

0.2 -

Fonctions de distribution exponentielle et normale
(m =0, sigma =1)

| —— Exponentielle /’f
—— Normale /
//
//
//
[/
//
/
/|
I —
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H/

T Comparing Gaussian and exponential PDFs

e (Gaussian
— X<m -oc at confidence level 15,9%
— X <m at confidence level 50%
— X<m+ 1,28 ¢ at confidence level 90%
— X<m+ 1,65 c at confidence level 95%
— X<m + 2,06 o at confidence level 98%
« Exponential
— X<m-oc at confidence level O
— X <m at confidence level 63,2%
— X=m + 1,30 o at confidence level 90%
— X<m + 2,00 o at confidence level 95%
— X<m+ 2,91 o at confidence level 98%

CLIC-ILC Cost & Schedule
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15%

2%
2%
3%
1%
1%

LHC cost structure
for contracts > 750 KE

206 3% 2%

54%

CLIC-ILC Cost & Schedule

B Magnets

B Cryogenics

0 Beam dump

0 Radio-frequency

B Vacuum

O Power converters

B Beam instrumentation

O Civil Engineering

Bl Cooling & ventilation

W Power distribution

O Infrastructure & services
O Installation & coordination

Total 2.2 B€
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,',',‘: Scatter of LHC offers
as a measure of cost variance

Avalilable data: CERN purchasing rules impose to procure on the basis
of lowest valid offer = offers ranked by price with reference to lowest
for adjudication by FC

Postulate: scatter of (valid) offers received for procurement of LHC
componentsis a measure of their cost variance due to technical,
manufacturing and commercial aspects

Survey of 218 offers for LHC machine components, grouped in classes
of similar equipment

Prices normalized to that of lowest valid offer, i.e. value of contract

Exponential PDFs fitted to observed frequency distributions with same
mean and standard deviation
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:lp Densités de probabilité du codt des lots

"b (lois exponentielles)

0.12
—— Lot 1 (m=290, 0=40)
0.1 — Lot 2 (m=170, 0=20)
. | Lot 3 (m=110, 0=10)
Lot 4 (m=320, 0=2
0.08 ot 4 (m=320, 0=20)
—— Lot 5 (m=210, 0=10)
X 0.06 -
0.04 ] \ B
0.02 — \ ’\\
O [ | 1 1 | 1 I T | 1 1 1 1 | 1 1 T | |
0 50 100 150 200 250 300 350 400 450 500

Colt
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JL T

Probabilité cumulée

(simulation Monte Carlo n = 100, comparée a une loi hormale [1100, 51])

Fonction de distribution du co(t total du projet
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I
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0.1

\
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1050

1100 1150
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,',I,': Remalining question for Philippe

 Distribution desired is not the distribution of
all vendor quotes (which includes higher
guotes which were not accepted), but given a
model for how many vendors will quote under
that distribution, what is the distribution of the
lowest acceptable quotation.
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A simple worked-out example

Consider a project made of 5 lots according to the table below

Lot Seuil
1 250
2 150
3 100
4 300
5 200
Somme 1000
Sigma

Ecart-type
40
20
10
20
10
100

Moyenne
290
170
110
320
210
1100

CLIC-ILC Cost & Schedule

Variance

1600

400

100

400

100

2600
50.9901951
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p

Application of central-limit theorem
1% PP

e In case the elementary costs are statistically independent, the total
cost is a random variable with

—meanvaluem =X m; = 1100

—standard deviation ¢ = (T 6i°)"* = 51
e Its PDF tends towards a Gaussian law [1100, 51]

— X £ 1165 at confidence level 90%
—X £ 1184 at confidence level 95%
—X £ 1205 at confidence level 98%

e This law can be compared to the result of a Monte-carlo simulation
based on exponential PDFs for elementary costs, treated as
Independent
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Nb of TBM

Nb of teams for elec. general
services

Nb of teams for cooling and
ventilation

Nb of teams for cabling
Nb of teams for machine installation

What would be the ILC schedule if
machine installation is performed

with 2 teams,
& what shall be the other resources ?

CLIC-ILC Cost & Schedule
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10

= — — Alternative deployment of machine installation crews (PHG)
...... Support installation and alignment (250m/wk)
—— Machine inst.: transport and interconnections (progress rate to be confirmed 100m/wk)
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CLIC*

Nb of TBM 2 4
Nb of teams for elec. general 4 8
services

Nb of teams for cooling and 4 4
ventilation

Nb of teams for cabling 4 8
Nb of teams for machine installation 2 2
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“All Other” | -
Alother” | EDMS.
Electron vl
Electron v2 :
: CM Team
e ] ST
: ‘CMv1
Magnets vl ;
: ‘CMv2
Magnets v2 ;
-CM w3
Tunnels v1 :
. RF Team
Tunnels v2 RFv1
. .Tunnelg va- - |- Rsz .................
mﬂ

related in cellectu::n item
e.g. a "named baseline”

file-version_flow_phg_24march09.ppt

CLIC-ILC Cost & Schedule

3 Prepares selectlon template

Electron v1, _Electran v2,
ML w1

Magnets w1, Magnets v2
Vacuum vl

Tunnels v1, Tunnels v2, Tunnels v3
Controls v1

Cryo vl

CM vl, CMvZ, CM w3

RF v1,RF w2, RF v3

V Electron vl, Electron v2, -
VMLVl :
Magnets v1, v Magnets v2 -
VMacuumwl
Tunnels v1, Tunnels v2, v Tunnels v3
Controls w1

W Cryo vl -

CM v, V’CMVZ CM w3

RFvl1, RF w2, v RF v3

€« 1, :asks for metadata for all files:in collection€——

Use EDMS for archive, approval,
version.control — current emphasis

4 Person designing selects flles& returns —>|

€ 5. Requests selected files {one- by one?)- {—
———>6..dumps selected files :

3-13D

to ICET workspece ,l,

Electronvl

ML vl

‘ Magnets v2 |

‘ Vacuum vl |

Tunnels v3 Cryovl
CM w2 RF w3
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,',',': Common Cost Risk Document

. Philippe and Peter: What do we need on Cost Risk Document? And who does what?
. Joined by Vic Kuchler and Chris Adolphsen

. This isn’'t including contingency.

. Assign and add a variance due to each of these.

. Should we provide the suggested variance due to each of the elements?

. Goto vendors (or Means), get their suggestions for uncertainties?

. Project uncertainty:

. Ewolution of Configuration — is design mature? Are the specifications known? E.g. heat loads
. But regulations could change.

. E.g. didn't know actual number of circuits (unknown requirements or heat loads)
. Had new problem => electron clouds

. Breakthrough => HTSC leads reduced heat loads

. Vendor strategy — off-shelf, or custom —

. Qualification and experience of vendor

. Technical difficulties in execution

. Write specification too early, e.g. before having operational prototype

. Rejection rate of industrial process — high rejection rate => higher costs
. Qualification of vendor

. Ewolution of Market

. Raw material and Vendor is available, e.g. laminations by auto industry
. Long term average — may tend to industrial price index
. Monopoly or oligopoly (few companies) in the business

. Commercial Strategy of Vendor

. Is vendor interested in entering new market.

CLIC-ILC Cost & Schedule
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Not - Industrial Price Index — an add-on, not part of variance analysis
Not - Exchange Rates — an add-on, not part of variance analysis

Checklist for estimator, qualitative, how many of these factors are applicable
What is important?

These topics above seem to be trying to develop an uncertainty checklist/calculation similar to that used for a long time by DOE

from Gary Sanders/Lockheed? Is there a reference?
Such a general procedure is for early cost estimate studies, should use more detailed, particular information if available.

Not necessarily to try to control
Estimate of variance or variability

Quantitative or semi-quantitative analysis of cost variance
Important to understand approach before starting
If you do it properly, you have problems with funding agency.

What do we write?

Principles

Different implementations

How do the uncertainties for the ILC and CLIC compare?

Do we want to use DOE risk table? Or something else or similar?

What is random and what is not? See Philippe’s table?

Treating uncorrelated is easy, fully correlated is easy, determining which is which is difficult

CLIC-ILC Cost & Schedule
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