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Program

* 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 TILC09 INDICO website
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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 for the 3 TeV and 500
GeV projects defined above

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

• Identify 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

• Document the process and conclusions in the CDR in 2010
(see posting for Methodology & Activities )
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Analytical basis is PBS

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 system

10 Kicker system
11 Cryogenic system
12 Laser system
13 Collimation system
14 Stabilisation System
15 Absorbers
16 Damping system
17 Electron Gun
18 RF deflectors
19 Installation
20 Commissioning

Level 4 system

Component level 
not yet defined

List of systems standardized

Contact experts per system

Coordinators per 
domain/subdomain

Identified for analytical costing 
based on level 5 description
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Cost variance analysis => Probabilistic approach
depends on correlations between estimated items

Cost 
variance 
factor

Evolution of  
configuration

Technical 
risk in 

execution

Evolution of 
market

Commercial 
strategy of 

vendor

Industrial 
price index

Exchange 
rates, taxes, 

custom duties

Lot 1

Lot 2

Lot 3

…

Lot N

Total

Not addressed here Deterministic & compensated, 
not addressed here

Coped for in tender price variance
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LHC experience on tenders
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Cryogenics & vacuum (35 offers)
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Mechanical components for SC magnets (70 offers)
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All data (218 offers)
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Conclusion: proposed procedure                           
for probabilistic cost analysis 

• Identify sources of cost variance and separate 
deterministic effects

• Identify 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)
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ILC - Civil engineering works

Tunnel excavationSite installation & shaft excavation

Cavern and halls Tunnel concrete and finishes

TBM installation

Shaft excavation and Cavern-halls construction 
based on same hypothesis as M. Gastal = 

unlimited resources
Times derived from Amberg Studies
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ILC - Civil engineering works

Tunnel excavationSite installation & shaft excavation

Cavern and halls Tunnel concrete and finishes

TBM installation

Excavation : 9 TBM - 200m/wk
Concrete and finishes: 400m/wk
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Civil engineering will deliver finite sections of 
machines, and not continuous meters
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ILC - General Services

Piping & ventilationSurvey : geodesics & marking positions

Electrical general services Cabling

Assumptions: unlimited resources meaning 12 
teams for each type of work and for each tunnel 

!!! (24 teams of electricians for instance)
Estimated 

progress rate 
per team: 
around 

120m/wks
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ILC - Machine installation

Support installation and alignment (250m/wk) 

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

Assumptions: unlimited resources !!!!
In summary for 7 years installation

9 TBM, 24 electricians teams, 12 cooling and ventilation 
teams, 12 teams for machine installation 
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Questions of Order of Construction  
Relation to Commissioning Plan

• 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?
• Personnel exclusion during RF (cryo?) testing
• Need ILC plan - learn from LHC experience!
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ICET – WBS Configuration File.xls
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Part WBS Description Workbook Worksheet Quantity
1 TEC - test Construction format TopLevel.xls Level_1 1
1.1 Construction - Americas Region TopLevel.xls Construction 1
1.1.1   Civil Construction Construction.xls Civil 1
1.1.1.1     Engineering, study work, documenation Civil.xls Civil_Eng 1
1.1.1.1.1       In-house Engineering Civil_Eng.xls In-house 1

p 1.1.1.1.1.1         Electron Source in-house.xls Electron_Source 1
p 1.1.1.1.1.2         Positron Source in-house.xls Positron_Source 1
p 1.1.1.1.1.3         Damping Rings in-house.xls Damping_Rings 1
p 1.1.1.1.1.4         RTML in-house.xls RTML 1
p 1.1.1.1.1.5         Main Linac in-house.xls Main_Linac 1
p 1.1.1.1.1.6         BDS in-house.xls BDS 1
p 1.1.1.1.1.7         Experimental Area in-house.xls Exp_Area 1
p 1.1.1.1.1.8         Common in-house.xls Common 1

1.1.1.1.2       Outsourced Consultancy Civil_Eng.xls Consultancy 1
p 1.1.1.1.2.1         Electron Source consultancy.xls Electron_Source 2
p 1.1.1.1.2.2         Positron Source consultancy.xls Positron_Source 2
p 1.1.1.1.2.3         Damping Rings consultancy.xls Damping_Rings 2
p 1.1.1.1.2.4         RTML consultancy.xls RTML 2
p 1.1.1.1.2.5         Main Linac consultancy.xls Main_Linac 2
p 1.1.1.1.2.6         BDS consultancy.xls BDS 2
p 1.1.1.1.2.7         Experimental Area consultancy.xls Exp_Area 2
p 1.1.1.1.2.8         Common consultancy.xls Common 2

1.1.1.2     Underground Facilities Civil.xls Underground 1
1.1.1.2.1 Shafts Underground.xls Shafts 1
1.1.1.2.1.1 Electron_Source Shafts.xls Electron_Source 1

p 1.1.1.2.1.1.1 electron shaft part 1
1.1.1.2.1.2 Positron_Source Shafts.xls Positron_Source 1

p 1.1.1.2.1.2.1 positron shaft part 1
1.1.1.2.1.3 Damping_Rings Shafts.xls Damping_Rings 1

p 1.1.1.2.1.3.1 dr shaft part 1
1.1.1.2.1.4 RTML Shafts.xls RTML 1

p 1.1.1.2.1.4.1 rtml shaft part 1
1.1.1.2.1.5 Main_Linac Shafts.xls Main_Linac 1

p 1.1.1.2.1.5.1 ml shaft part 1
1.1.1.2.1.6 BDS Shafts.xls BDS 1

p 1.1.1.2.1.6.1 bds shaft part 1
1.1.1.2.1.7 Exp_Facilities Shafts.xls Exp_Facilities 1

p 1.1.1.2.1.7.1 exp shaft part 1

“atomic” 
parts

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

Use EDMS for archive, 
approval, version control    
current Triad emphasis

Try the below link to a filled-in           
Cost Estimating Module Excel file
Be sure to enable macros for full functionality – hit “end” on run-time error

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


Cost Component sheet for a specific cryomodule type

Line Items – can reference a 
Cost Component or a Part

Cost Estimate Module example

17CLIC-ILC Cost & Schedule



Example of Report – studying tags
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WBS Description Materials (USQty Region  Area Tech & Global Sys
1.02 Electron Source 33,192 1 0 Electron Source
1.02.01 electrons 33,192 1 0
1.02.01.01 electron part 1 8,192 1 8192 Electron Source Dumps & Collimators
1.02.01.02 electron part 2 0 1 0 Electron Source Magnets & Power Supplie
1.02.01.03 8C1Q 5,000 5 0 Electron Source Cryomodules
1.02.01.03.01 costs for 8C1Q 1,000 1 1000 Cryomodules
1.02.01.04 9C0Q 20,000 10 0 Electron Source Cryomodules
1.02.01.04.01 costs for 9C0Q 2,000 1 2000 Cryomodules
1.03 Positron Source 50,000 1 0 Positron Source
1.03.01 positrons 50,000 1 0
1.03.01.01 a pot full of positron parts 0 1 0 Positron Source Vacuum System
1.03.01.02 8C1Q 10,000 10 0 Positron Source Cryomodules
1.03.01.02.01 costs for 8C1Q 1,000 1 1000 Cryomodules
1.03.01.03 9C0Q 40,000 20 0 Positron Source Cryomodules
1.03.01.03.01 costs for 9C0Q 2,000 1 2000 Cryomodules
1.04 Damping Rings 0 1 0 Damping Rings
1.04.01 rings 0 1 0 Damping Rings
1.05 RTML 0 1 0 RTML
1.05.01 turn-arounds 0 1 0 RTML Construction (Conv. Facilit
1.06 Main Linac 2,500,000 1 0 Main Linac
1.06.01 Linacs 2,500,000 1 0
1.06.01.01 linac item 1 0 1 0 Main Linac Cryogenics
1.06.01.02 linac item 2 0 1 0 Main Linac RF Power System
1.06.01.03 8C1Q 500,000 500 0 Main Linac Cryomodules
1.06.01.03.01 costs for 8C1Q 1,000 1 1000 Cryomodules
1.06.01.04 9C0Q 2,000,000 1000 0 Main Linac Cryomodules
1.06.01.04.01 costs for 9C0Q 2,000 1 2000 Cryomodules
1.07 Beam Delivery System 0 1 0 Beam Delivery System
1.07.01 deliveries 0 1 0 Beam Delivery System Cryogenics
1.08 Experimental Facilities 0 1 0 Experimental Facilities
1.08.01 experiments 0 1 0 Experimental Facilities Installation
1.09 Common 0 1 0 Common
1.09.01 commonalities 0 1 0 Common Phase & Timing (?)

atomic 
parts
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- √ CLIC-ILC Cost & Schedule Working Group WEBEX Meetings                       
1400 GMT - 2nd Thursday of each month 

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

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

- √ 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

• 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

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

our common plans - 11/08:
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Backup slides



Methodology
• Establish rules & 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

• Identify major cost drivers & impact of alternative solutions and 
technological breakthroughs 

• Whenever possible, define a parametric model for estimating 
variation of cost upon main technical parameters

• Identify sources of variance & conduct cost risk analyses
• Organize, maintain & update documentation with restricted access
• Report periodically to CLIC Steering Committee

21CLIC-ILC Cost & Schedule



Activities 2009

• Reception specified cost tool, including currency conversion & price 
escalation procedures, and start applying it

• Establish responsibilities, procedures & workpackages in cost 
assessment

• Identify domains of analytical costing and perform estimates
• Identify 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
• Collaborate with ILC on previously defined cost topics

– Cost risk analysis
– Cost of normal conducting magnets

• …

22CLIC-ILC Cost & Schedule



e.g. PBS to level 4 & cost coordinators

Peter H. Garbincius       
November 20, 2008
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PBS comparison

Peter H. Garbincius       
November 20, 2008
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Basis of probabilistic cost analysis

• Following the PBS, the project is split in i lots, the cost of which are 
random variables Xi with
– mean value mi
– standard deviation σ i

• The total cost of the project is a random variable X = Σ Xi 
– with mean value m = Σ mi

• In the case when the Xi are statistically independant, X = Σ Xi is 
characterized by
– standard deviation  σ = (Σ σ i

2)½

– probability density function (PDF) asymptotically tending to 
Gaussian (central-limit theorem) 

• Statistical independance or correlations between Xi is more important 
to probabilistic analysis of total cost, than detailed knowledge of the 
specific PDFs of Xi

25CLIC-ILC Cost & Schedule



Statistical modeling of component costs
• Heuristic considerations

– things tend to cost more rather than less ⇒ statistical distributions 
of Xi are strongly skew

– PDFs fi(xi) are equal to zero for xi below threshold values bi equal 
to the lowest market prices available

– commercial competition tends to crowd prices close to lowest ⇒ 
PDFs fi(xi) are likely to be monotonously decreasing above 
threshold values bi

• The exponential PDF is a simple mathematical law satisfying these 
conditions

f(x) = 0 for x < b
f(x) = a exp[-a(x-b)] for x ≥ b

• Characteristics of the exponential law
– only two parameters a and b
– threshold b
– mean value m = 1/a + b
– standard deviation σ = 1/a = m – b
– « mean value = threshold + one standard deviation »
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Densités de probabilité exponentielle et normale
(m = 0, sigma = 1)
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Fonctions de distribution exponentielle et normale
(m = 0, sigma = 1)
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Comparing Gaussian and exponential PDFs

• Gaussian
– X ≤ m - σ at confidence level 15,9%
– X ≤ m at confidence level 50%
– X ≤ m + 1,28 σ at confidence level 90%
– X ≤ m + 1,65 σ at confidence level 95%
– X ≤ m + 2,06 σ at confidence level 98%

• Exponential
– X ≤ m - σ at confidence level 0
– X ≤ m at confidence level 63,2%
– X ≤ m + 1,30 σ at confidence level 90%
– X ≤ m + 2,00 σ at confidence level 95%
– X ≤ m + 2,91 σ at confidence level 98%
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LHC cost structure
for contracts > 750 K€

54%

12%

1%

1%

3%

2%

2%

15%

3%

2% 3% 2%

Magnets
Cryogenics
Beam dump
Radio-frequency
Vacuum
Power converters
Beam instrumentation
Civil Engineering
Cooling & ventilation
Power distribution
Infrastructure & services
Installation & coordination

Total 2.2 B€
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Scatter of LHC offers
as a measure of cost variance

• Available 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 
components is 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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Densités de probabilité du coût des lots
(lois exponentielles)
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Fonction de distribution du coût total du projet
(simulation Monte Carlo n = 100, comparée à une loi normale [1100, 51])
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Remaining question for Philippe
• Distribution desired is not the distribution of 

all vendor quotes (which includes higher 
quotes 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 Ecart-type Moyenne Variance
1 250 40 290 1600
2 150 20 170 400
3 100 10 110 100
4 300 20 320 400
5 200 10 210 100

Somme 1000 100 1100 2600
Sigma 50.9901951
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Application of central-limit theorem

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

–mean value m = Σ mi = 1100
– standard deviation σ = (Σ σi

2)½ ≈ 51
• 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%

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

36CLIC-ILC Cost & Schedule



Resources comparison with CLIC

What would be the ILC schedule if 
machine installation is performed 

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

CLIC 
(φ1)

CLIC
(φ2)

ILC

Nb of TBM 2 9
Nb of teams for elec. general 
services

4 24

Nb of teams for cooling and 
ventilation

4 12

Nb of teams for cabling 4 24
Nb of teams for machine installation 2 12

7.2y 10.5y 6y
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Support installation and alignment (250m/wk) 

Machine inst.: transport and interconnections (progress rate to be confirmed 100m/wk) 
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Alternative deployment of machine installation crews (PHG)



Resources comparison with CLIC

CLIC 
(φ1)

CLIC
(φ2)

ILC

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

4 8

Nb of teams for cooling and 
ventilation

4 4

Nb of teams for cabling 4 8
Nb of teams for machine installation 2 2

7.2y 10.5y 9.5y

CLIC-ILC Cost & Schedule 39



Use EDMS for archive, approval, 
version control – current emphasis
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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?
• Go to vendors (or Means), get their suggestions for uncertainties?
•
• Project uncertainty:  
• Evolution 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
• Evolution 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. 
•
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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
•
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