A
1o

ILC Engineering Design

Marc Ross

Fermilab

16/05/07 EDR Town Meeting Global Design Effort



1@ 3 main aims — (from Brian Foster,
LT 1/07 MAC)

In order to achieve our goals we must:

1) ensure that the internal momentum of the GDE
continues to grow and that the tasks the GDE sets itself
allow scope for the enthusiasm and commitment of the
International ILC community to continue to grow;

2) produce the technical information required and
agreed by the contracting governments as necessary
to proceed to approval of the project;

3) coordinate the world-wide R&D programme
to give the optimum return on the investment
of the contracting governments.

16/05/07 EDR Town Meeting Global Design Effort EDR Phase: 2



ilp Introduction
o

* Engineering Design Report — to be delivered in 2010

o Supported by ‘Engineering Design Activity’ — which
Includes the above 3 aims

e |LC Executive committee EDR plan (03/07):

o (Starts now)
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ilp EDR task force
JIF

Hitoshi Hayano, Nobu Toge, Katsunobu Oide

Bob Kephart, Ewan Paterson, Marc Ross
(chair)

Andy Wolski, Lutz Lilje

+ ILC Executive Committee

Deliver an interim report 29.05.07 (DESY
LCWS plenary)

Complete 08.07 Korea ILCSC meeting
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A DRAFT CHARGE
1o

* To study two or more possible technical project structures
(WBS) for the EDR phase of the ILC. (n.b. really focus on one)

« The WBS models should be oriented around a central project
management structure, lead by a single project manager.

« The WBS should break down into individual Work Packages,
suitable for distribution to interested parties, who would then
take on responsibility for the deliverables of that Work Package.

« The WBS models must have clear lines of responsibility and
reporting, up to the top-level management.

 The WBS should naturally support (and drive) the ILC R&D
program, which must be an integral part of the project.
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ar COMMENTS on the charge -
[IL considerations of particular importance

e (from the authors)

* global nature of the project

— how well does the WBS/WP structure map onto a
geographically distributed project, and

— how will it function .
e existing programs,
— funding,
— regional/institutional stated interests,
— not necessarily be constrained by them.
 solicit and take input from the current RDR leaders
(Area, Technical and Global System leaders)
— and R&D (and other) boards

 find flexible solutions,
— allow natural evolution
— support (and encourage) new groups to join later
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ilp EDR Task Force
"o

e In parallel to

» To date: Daresbury, SLAC, KEK, Fermilab ...
 more to come, CERN, Saclay/Orsay, DESY etc

 Meet with groups at the DESY LCWS
meeting In late May.
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A EDR definition
JLE,

Goal: The primary goal of GDE activities will be to
advance

() the technology,

(i) the design and

(1) the construction plans for ILC,

approval for construction can be sought in ~2010,
EDR will

() explain the capabilities of the technology at that
time,

(i) will detall the design of the machine and the
construction plans, and

(i) will present an updated value estimate.
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P The purpose of the EDR will be to
o facilitate:

« formal international negotiations at government level on (a)
siting, (b) funding, (c) organization and (d) execution of the ILC
project;

o preparations for construction on a timescale consistent with the
start of construction in ~2012.

* Preparations for construction will include the production of final
engineering designs of critical components, procurement, and
(once the site is chosen) site preparation.

* The primary technical output from the activity in the Engineering
Design Phase will be an integrated engineering design of the
accelerator. This design must satisfy the energy, luminosity, and
availability goals outlined in the ILC RDR, and must also be
consistent with the value estimate presented in the RDR.
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;lﬁ Engineering Design phase will include the following.

o

1. Basic R&D to demonstrate that all components can be
engineered

R&D Into alternative solutions to mitigate remaining risk,

3. Anoverall design to allow machine construction to start
within 3 years,

4. selection between high tech options must be made to allow
industrialization efforts.

5 A comprehensive value-engineering exercise must be
conducted.

6. A complete value cost estimate for the machine must be
provided, including a funding profile consistent with the
project schedule.

7. A project execution plan must be produced, including a
realistic schedule.

8. Designs for facilities shared between different “area
systems”, and for site-specific infrastructure. The designs
must include the level of detail needed for regions to
estimate the cost to host

9. All necessary information must be provided to regions to
evaluate project technical and financial risks in support of a
bid to host.

o
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:p Comments
o

e Any organizational structure implemented for the
GDE during the Engineering Design phase must
have the flexibility to accommodate this diverse range
of activities, while providing effective mechanisms for
communication and coordination.

o Activities that are research-oriented or more technical
In nature will have a very different character from
those that are more directed towards planning and
costing, and may benefit from different organization.

 However, all activities will be related to all other
activities in some way, with many complicated
dependencies.

o Ultimately, everything has to come together in the
EDR.
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e RDR and RD — 2006/7
JLF

« RDR Area, Global and Technical Systems

— The above gives much EDA guidance!
* (Not a project organization;

e RD Board with associated task forces

« Much ongoing RD not part of the task force process

Collect proposed EDR deliverables from the above
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Example deliverables from RD S-
Task Forces

Gradient:
» Achieve 35 MV/m (vertical test) with sufficient yield

* Achieve 31.5 operational gradient in a cryomodule

Damping Ring:
S3 WBS Work Package
2.1.1 Lattice Design
2.1.4 Low-Emittance Tuning
2.2.1 Impedance-Driven Single-Bunch Instabilities
2.2.3 Electron Cloud
2.2.4 lon Effects
35.1 Fast Injection/Extraction Kickers




2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

EDR Approval Construction Commiss.
tunnel & ;
total length optics oplics Enres
Constraints LHC physics 9 P details ready for
frozen layout ;
frozen install-n
frozen
Beam beam dump conceptual design and y - b,dgmp beam dump vacH
i pre approval beam dump final engineering design ; dump
dumps critical tests construction ;
frozen installed

design, build & test of conceptual

phase control system; cavity desidnorcyostat cavily

beam tests of two

crab cavity e . integration; beam test of e final engineering production installed
fabrication; conceptual cryostat design; RESei cavities
LLRF develop and test with single cells y
ATF2 construction and Bommiission Beam size Beam 2nd phase, e.g. SC FD; Instrumentation
ATF2 installation. Start of L and optics  stability smaller emittance &  developments and
commissioning he results results beam size tests at beamline
Final Englneerl‘ng de_s_lgn; fu!l g Stability tests & design - - installation and pre-
prototype; stability design study and Thosd final design production lab tests TR,
Doublet S = optimization commissioning
initial stability tests
Conceptual design; selection of two ; S el final design and start of Construct, assemble and pre-commission on Lawer
Detectors = ; ; Design optimization : down &
concepts; continue design production surface -
_ commiss.
o o™ Deaied eng. dsin o
IR e d‘;f = E o Integrated IR with final design and start of |
integrated 9 g: efyed 4 finalized choice of two production P

platform; detector moving system;

cranes: etc. detectors for final design B e am D e I IVe ry E D R
Optimization of number of styles; asiharl fod + b D e I |Ve rab | ES’

ccqc?ptual c?emgn of n_1ost magnet&, optimization; layouts with final design & needed
Magnets definition of interfaces; Detailed design 3
real space allocation, and prototypes

of low field and other special magnets; detailed interfaces.

Vibration -wise design Overall tentative schedule to

COOCToT

commissioning

Tests of collimation wakefields and Detailed eng. design; final design & pre- . nsilton andom.

Collimation Egzirgndamage tests; conceptual eng. ic:};:gr;:::rt‘:t?i:: integration production prototypes gretctg1en eral | d eaﬁ)lbleltall[ed (an d
Insirumentat| 2velon laser vires tes feodhack — [BREEHRGORE S . | 1ocion & oo [UINEHISEHEININIEEHNE RS
X BPMs with secondary beam; optimization & integration adiician oot production et
conceptual eng. design into beamiine : e several systems Will'be shown
V Physics and conceptual eng. design.  Detailed eng. design;

e Detailed design of IR vacuum optimization & integration final design production installation
Fjeion chamber. of beamlines
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A Prioritization for EDR
JLE,

e Based on: —
— Technical risk mitigation  |_ RDR risk
: L ! assessment
— Cost risk mitigation
— Cost reduction
— Preparation
e Not in the above order:

— Quantitative evaluation possible based on RDR
Value estimate and plan

e Mechanism?
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'-,IE ED Activities for cost reduction

e Two cost drivers:
— Linac (2700M) and CFS (2550M)
— Total 72%

e Linac ?
— Work with XFEL

— Continue to develop alternate strategies and examine
mass production process

e CFS
— ‘Value engineering’
— (US govt defined and mandated process)
— Basic iteration between nascent design and emerging
requirements

 10% of the above (525M) close to the max entry in
RDR risk table.
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,-’IE How Good is the RDR Concept?

* The design has been carried out by Area Systems
that have been built up into an overall design.

* Technical system designs still immature, resulting |
lack of detailed specifications, requirements and

valiie enainearinad hae heen deferrad
VEAIGANS Wl Ivll IUUIIIIv 1 1GA Wl AW INL | WA
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e
I

Evolving Design > Cost Reductions

%reduction to the Vancouver estimate
July 2006

‘—0— Accumulated Cost Savings ™ Each Cost Savings

Q. Q
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Some possible cost reductions (e.g. single tunnel, half

RF, value engineering) deferred to the engineering phase

T
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'-,IE CFS — Value Engineering

« Value Engineering is a ratio: [cost /'worth’] iteration and
minimization

» Single largest ‘cost saving’ realized in fall 06 RDR CFS review
process

 Heat removal from SCRF distribution and power in two tunnel
environment

« Air conditioning for access
* Flexible operation

 CFS linac mechanical design not optimized
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:p Present status:
JLE,

 Demonstration of Internationally Driven RD / Design

Must retain momentum
RDR experience is valuable

Strong scientific leadership in place

|deal starting point for ED Activities
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e Devised along functional lines
— (instead of institutional or regional...
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Responsiblilities and Authority of EDR
Project Management

work should be coordinated through a more traditional project
management structure

agreement)...
» (starting from the most important)



'IF Responsibilities and Authority of EDR Project
[ |
11" Management(2)

 MOU contents:

How are decisions made?

— Especially selection between alternates, a kind of change
control - to be included if change is below line

— Advisory role of review / evaluation boards
— Responsibility of project (line) management
What if there are problems? - technical strategy

Institutional signature

Work package vs MoU ‘distribution’
» Only one institution for a given work package
» Several institutions for a given work package
» Inclusion of Alternate designs

* Channel definition
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'-"IE Example KEK Work Packages:

e Cavity - TESLA like(1) and Ichiro (2)

e Cryomodule design

« STF > S2/S1

« Damping Ring Kicker

e Electron Cloud (KEKB)
« CFS design

o Operation of ATF/ATF2 -
» More like infrastructure development
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ilp ILC Partnerships: — MOU ++
JIF

* Who (institutions)
Background (why and context)
Task (work package)

« Updating mechanisms
~ Lesson from RDR

_

* Intellectual property ownership

» Responsibilities of signatories, including roles of boards
« 3" party dependencies

o ‘Alternates’: selection mechanism

« Staff exchange, visits, PR

* Fungible (replaceable) assets / infrastructure to be used
 eDocument Management System

e Integration with technical systems
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iln Organization
JLE

 Management section of WBS

Advisory Boards
— RandD

— Test Facilities
—?

Cost Engineering
Change Control
Standards / Integration
Planning / Scheduling
e e Documentation / IT

e Familiar, yet not...
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'-,IE How are resources controlled?

 Where is the ‘funding agency link’?

* Behind the Institutional ‘MOU’ signature - each work
package

 RD advisory board - Strategic / Programmatic review

 Everyone must understand this three-way
balance

 Most expedient
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iln Scope of EDR
"o

 Proposed deliverables to be collected by TF
at DESY LCWS (05/07)

Rand D

Technical Design

Preparation for mass production
Cost and Plan

Civil Engineering

L N
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A CFS USA — FY08
JLE,

Planning Assumptions FY 08

e Establish CFS Role in the EDR Process

« The GDE Project Management Team is Initiated

International Organization Begins to Mature and
Develops a Method for Progress Reporting and
Oversight

Begin to Refine the Preliminary CFS Schedule
Through the Site Selection Process to the Start
of Construction

Develop a Project Management Plan and Acquisition
Plan for A/E Services

Prepare Engineering Requirements Document

Prepare CFS Configuration Design Control
Document
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A CFS USA — FY08
v

Planning Assumptions FY 08 cont.

« Year One of a Three Year Process to Develop an
Expression of Regional Interest

CFS will Contribute to the Planning Process

Will require Some Initial Site Specific Work that
May Necessarily be Confined to the Fermilab Site

Continue Underground Characterization with
Northern lllinois University

Resume the Underground Advisory Board

Continue Public Outreach Efforts

Initiate the Environmental Assessment of the Central
Interaction Area

Initiate Preliminary Geotechnical Study of the
Central Interaction Area
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:p
I

CFS work plan

'Eonce t Design: Must Be Based on Validated-Requirements

CF&S Work Plan_ By FY2011

N

P

Area & Technical
Systems

|

C F&S

] > —
PIQ ) m—.

4

07-Q3

FY

j Reﬁﬁiuiremen s should haﬂnge‘
rable, Desil

tAcceptable, Prefe

O o

07-Q4

16/05/07 EDR Town Meeting

Final RDR
Global Design Effort

Develop Ful
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'-,IE Preparation for mass production

e Tev was built here...

Presently at the ‘threshold of technology’

 Need to master, extend performance
o Ultimate goal:

 Engage business, at several levels

 Develop models
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.'IP EDR — an International Scientific /
o Engineering Collaboration

e Promote communication
e Deflne channels
e Provide valid review mechanics

Attract expertise
Faclilitate an active environment
Develop and promote enthusiasm
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'-,IE 2007 — timeline for starting EDR

 March — EDR ‘straw-man’ organization, EDR
Task Force

* April — RDR completion

 May — definition of EDR, collection of input at
DESY

e July — presentation to FALC, first ‘roll-out’

e August — presentation to ILCSC, completion
of EDR Task Force
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A Fermilab
JLE,
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