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.."]Irfu CEA Scope: LB650 Cryomodules, Assembly, Tests

« Specific plans to be developed, but general vision is:

Dressed/Qualified Cavities
« Lab-sourced prototypes
« Indian industry sourced

production
« Lab Prep&Test \
Dressed/Qualified Cavities —
 Established EU Vendors

* Industrial Processing
« Lab qualification
Cryomodule Components
Established EU 30

CM Integration

* Possible CM
Qualification

« Overseas Shipment

Vendors
* RF couplers
* Other opportunities




CEA technological infrastructures (25 000 m>?)

—Supratech-cryo RF
Cryholab
- RF power bench
Magnetic Vertical cryostats
measurements

Superconducting magnet test facilities Characterization facilities
W7-X facilities Cetace

Schema Christiane
Vertical cryostat Sejos
Seht Mecti

Thermosiphon
Mecanical tests




ol |rfu

In-Kind Contributors
to E-XFEL Cold Linac

In one shot !
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70 Irfu in-Kind Contributors to E-XFEL Cold Linac éfAm==

HP coupler production Niobium production Not shown:
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BProcessing \\ Cavity \ ‘o f’/
']

L

F A/ production | 'A
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. Cryostat -
QA/QC ‘\_‘

SC magnet
testing -

Tuners

Bellows

Coupler pump line

JEHIER

Gate valves
Multilayer
insulation =i - ' HOM absorbers

Harmonic Drive & S RF cables

/ Sanyo Astrofein '

Tuner motors

The PM is like a symphony orchestra director trying to get all sections synchronized:
an impossible task with a risk occurence of 100% = work impact on the critical path.




.."]Irfu Cryomodule In-Kind Procurements  ifaist=s

Cryo-syste 1

AN wameceramic  Couplers / IN2P3
A\ 650 Thales-RI
150 CPI

Quadrupole-BPM / DESY
o i y 103 Magnets / Ciemat
PP RO Vs S—— BPM /72 DESY - 31 CEA

LT 206 Gate Valves / DESY

|
|

Capacitor

There are 9 422 individual components integrated
and over 12 400 individual parts manipulated

per cryomodule

Magnetic Shields / CEA

- ‘ » | \
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22! Irfu E-XFEL Cold Linac @ 17.5 GeV A XFEL

« Yesterday, 12.07.2018 at 18:00, the superconducting accelerator of the European
XFEL has for the first time accelerated electrons up to its design energy of 17.5 GeV »

XFEL: Setup&Tuning

0 bunches

17583 MeV
0.25nC

1 bunches

FXE
SPB/SFX

s8Qs8
5CS

Intarinek hrokan M 5o i ssebion
e EviArm i e i Flsetrans in sasian

Intarlack & R FPhedors inaachion

Accelerator: XTL beam start-up; highest energy test SASET: T9 apen
SASE2: open
2018-07-12 18:13 SASE3: -
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Risk Breakdown Structure

.."]Irfu Accelerator Construction : Complexity

Technical

—> ES&H

Environmental, safety or health issues.

—> Requirements

Requirements are poorly defined,
incomplete, late or continually evolving.
Requirements management process is
in -

Complexity

Excessive design changes, assembly or
commissioning problems. Workers
inadequately trained.

Design errors or omissions at interfaces
within project or with external systems,
inadequate systems engineering, assumed
tolerances do not work in practice, scope
missing at interfaces.

—> Technology

Technology is poorly understood, does not
meet expectations, is not yet proven, or
cannot be commissioned.

—> Quality

Flaws or inconsistencies of design or
manufacture. Pre-production (/production)
quality is worse than prototype (/pre-
production) quality. QA/QC process is
inadequate or requires excessive time or
resources..

—> Reliability / Performance

Components perform worse after assembly
or commissioning. Systems do not meet
requirements due to unforeseen technical
issues. As-built systems have
commissioning issues.

v

— Management

—> Planning

Scope, cost, and schedule incomplete or does
not match needs. Assumptions are incorrect.
Schedule logic is incomplete or wrong. Planning
for stakeholder communications, HR, risk, or
procurement is inadequate.

—> Estimating

Cost or activity duration estimates are
inaccurate, unrealistic, or do not reflect design
maturity. Modeling of risks and associated cost
and schedule contingency is inadequate.

—> Funding / Resources

Funding is inadequate or mismatched to time
profile of needs. Required personnel are not
available to the Project. Labor disputes. Off
project non-personnel resources not available.

—> Controlling

Scope creep. Configuration is not well
established and controlled. Excessive change
control. Deficiencies in the system engineering.

—> Communications

Stakeholders not all identified. Communications
needs not well defined or poorly executed.
Cultural issues. Inadequate tools or processes to
support project tracking, reporting and reviews.

—> Logistics

Poor management of supply chains, within
Project or external. Loss, damage or delays in
transit. Customs and excise. Unforeseen storage
needs. Unavailability of logistical resources
(storage, transport, lowering equipment, etc.).

—> Experience / Capability
Management, technical or other personnel lack
required skills. Critical skills scarce on the

market. Key technical capabilities are not
available, within budget and schedule.

— External

—> Collaborators

Partners within the Project (e.g. Universities or
Labs) fail to deliver. Problems with International
partners (Agencies, Labs, Scientific
Collaborations, Universities, Industry).

—> Facilities

Expected facilities are unavailable or inadequate
(e.g. test beam, laboratories, IT resources).
Facilities are damaged or otherwise compromised
(e.g. IT security violation).

—> Market

Economic factors such as foreign currency exchange
rates, escalation, or commodity prices (e.g. metals,
energy, chemicals, construction materials and labor,
etc.). Limited availability for specialist materials or
items. Geopolitical shocks to specific markets.

—> Regulatory

ES&H regulations. Construction permits and
regulations. Financial compliance. IP. Import/
export controls. Labor laws. IT security and
personal data protection.

—> Vendors

Inadequate planning of procurements. Limited
choice of vendors for specialist materials or
services. Scope change after contract placed. Cost
increases on cost-reimbursable contract. Vendor
production problems, delivery schedule, quality
and disputes. Vendor problems or failure.

—> Public Impact

Inadequate consultation, communication and
engagement with public stakeholders (local
communities, general public, and local, state or
national government). Failure to address concerns.
Loss of reputation. Genuine or perceived risks to
the community (e.g. environmental). Insufficient
support for the science case.
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.."]Irfu Accelerator Construction : Human Factor

Risk Breakdown Structure

Courtesy L. Taylor

!

Technical

—> ES&H

Environmental, safety or health issues.

—> Requirements

Requirements are poorly defined,
incomplete, late or continually evolving.
Requirements management process is
in -

Complexity

Excessive design changes, assembly or
commissioning problems. Workers
inadequately trained.

Design errors or omissions at interfaces
within project or with external systems,
inadequate systems engineering, assumed
tolerances do not work in practice, scope
missing at interfaces.

—> Technology

Technology is poorly understood, does not
meet expectations, is not yet proven, or
cannot be commissioned.

—> Quality

Flaws or inconsistencies of design or
manufacture. Pre-production (/production)
quality is worse than prototype (/pre-
production) quality. QA/QC process is
inadequate or requires excessive time or
resources..

—> Reliability / Performance

Components perform worse after assembly
or commissioning. Systems do not meet
requirements due to unforeseen technical
issues. As-built systems have
commissioning issues.

v

!

Management

External

=

—> Planning

Scope, cost, and
not match needs
Schedule logic is
for stakeholder ¢
procurement is ir

—> Estimatir

Cost or activity d
inaccurate, unre¢
maturity. Modelin
and schedule col

—> Funding
Funding is inade:
profile of needs.
available to the F
project non-perst

—> Controllil

Scope creep. Co
established and «
control. Deficienc

—> Commun

Stakeholders not
needs not well de¢
Cultural issues. |
support project tr

—> Logistics
Poor manageme
Project or extern:

transit. Customs
needs. Ungyai

S

Expéﬁen

Management, technical or other personnel lack
required skills. Critical skills scarce on the
market. Key technical capabilities are not
available, within budget and schedule.

For Eu-XFEL module assembly,

the quality of operators and technicians hired
by the contractor was inadequate:
management lack of skill = technical mistakes.

The event-uality of human induced technical
mistakes is almost infinite: a reliable team of
technicians/operators is worth any QA/QC Plan

The key factor is:

1. FLOOR inspection
2. FLOOR QA-QC

3. FLOOR coordination
4. FLOOR supervision

national government). Failure to address concerns.
Loss of reputation. Genuine or perceived risks to
the community (e.g. environmental). Insufficient
support for the science case.
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Accelerator Construction : Quality

ol |rfu

Courtesy L. Taylor

l Risk Breakdown Structure l

Requirements are poorly defined,
incomplete, late or continually evolving.
Requirements management process is
inadequate.

—> Complexity

Excessive design changes, assembly or
commissioning problems. Workers
inadequately trained.

—> Interfaces

Design errors or omissions at interfaces
within project or with external systems,
inadequate systems engineering, assumed
tolerances do not work in practice, scope
missing at interfaces.

—> Technology

Technology is poorly understood, does not
meet expectati i et proven, or
e commissioned.

—> Quality

Flaws or inconsistencies of design or
manufacture. Pre-production (/production)
quality is worse than prototype (/pre-
production) quality. QA/QC process is
inadequate or requires excessive time or
resources..

iability / P nce

Components perform worse after assembly
or commissioning. Systems do not meet
requirements due to unforeseen technical
issues. As-built systems have
commissioning issues.

v

for stakeholder communications, HR, risk, or
procurement is inadequate.

—> Estim:

inaccurate,
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project non:

—> Contr

Scope cree

needs not v

support pro

Poor manag
Project or e
transit. Cus QC .
needs. Una
(storage, tr:

—> Exper

Technical — Management — External
—> ES&H —> Planning —> Collaborators
Environmental, safety or health issues. Scope, cost, and schedule incomplete or does Partners within the Project (e.g. Universities or
. not match needs. Assumptions are incorrect. Labs) fail to deliver. Problems with International
—> ReqUIrementS Schedule logic is incomplete or wrong. Planning partners (Agencies, Labs, Scientific

Collaborations, Universities, Industry).

L Eanilitins

costaraei FOr EU-XFEL module assembly,

masrens the contractor QC-team was permanently
—>Fundil gitting at the desk filling up Travelers, NCRs,

aaiaeto 9N other QA documentation.

smo.bet FlOOr INspection was done by CEA engineers
—>Comm 44 technicians for more than 2 years, until
cunraiss the ‘Project’ accepted to fund additional 2
Logist FTE at the contractor, and 2 FTE at CEA for

vanageme TNIS allowed to eliminate most of the

required ski
market. Key

aaimew [MPact of non-conformities by their
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ol |rfu

Risk Breakdown Structure

Accelerator Construction : Vendors

Technical

—> ES&H

Environmental, safety or health issues.

—> Requirements

Requirements are poorly defined,
incomplete, late or continually evolving.
Requirements management process is
inadequate.

—> Complexity

Excessive design changes, assembly or
commissioning problems. Workers
inadequately trained.

—> Interfaces

Design errors or omissions at interfaces
within project or with external systems,
inadequate systems engineering, assumed
tolerances do not work in practice, scope
missing at interfaces.

—> Technology

Technology is poorly understood, does not
meet expectations, is not yet proven, or
cannot be commissioned.

—> Quality

Flaws or inconsistencies of design or
manufacture. Pre-production (/production)
quality is worse than prototype (/pre-
production) quality. QA/QC process is
inadequate or requires excessive time or
resources..

—> Reliability / Performance

Components perform worse after assembly
or commissioning. Systems do not meet
requirements due to unforeseen technical
issues. As-built systems have
commissioning issues.

v

— Management

—> Planning

Scope, cost, and schedule incomplete or does
not match needs. Assumptions are incorrect.
Schedule logic is incomplete or wrong. Planning
for stakeholder communications, HR, risk, or
procurement is inadequate.

—> Estimating

Cost or activity duration estimates are
inaccurate, unrealistic, or do not reflect design
maturity. Modeling of risks and associated cost
and schedule contingency is inadequate.

—> Funding / Resources

Funding is inadequate or mismatched to time
profile of needs. Required personnel are not
available to the Project. Labor disputes. Off
project non-personnel resources not available.

—> Controlling

Scope creep. Configuration is not well
established and controlled. Excessive change
control. Deficiencies in the system engineering.

—> Communications

Stakeholders not all identified. Communications
needs not well defined or poorly executed.
Cultural issues. Inadequate tools or processes to
support project tracking, reporting and reviews.

—> Logistics

Poor management of supply chains, within
Project or external. Loss, damage or delays in
transit. Customs and excise. Unforeseen storage

needs. Unavailability of logistical resources
(storage, transport, lowering equipment, etc.).

—> Experience / Capability

Management, technical or other personnel lack
required skills. Critical skills scarce on the
market. Key technical capabilities are not
available, within budget and schedule.

— External

—> Collaborators

Partners within the Project (e.g. Universities or
Labs) fail to deliver. Problems with International
partners (Agencies, Labs, Scientific
Collaborations, Universities, Industry).

—> Facilities

Expected facilities are unavailable or inadequate
(e.g. test beam, laboratories, IT resources).
Facilities are damaged or otherwise compromised
(e.g. IT security violation).

—> Market

Economic factors such as foreign currency exchange
rates, escalation, or commodity prices (e.g. metals,
energy, chemicals, construction materials and labor,
etc.). Limited availability for specialist materials or
items. Geopolitical shocks to specific markets.

—> Regulatory

ES&H regulations. Construction permits and
regulations. Financial compliance. IP. Import/
export = - rity and

nal data protection.

—> Vendors

Inadequate planning of procurements. Limited
choice of vendors for specialist materials or

services. Scope change after contract placed. Cost
increases on cost-reimbursable contract. Vendor
production problems, delivery schedule, quality
and disputes. Vendor problems or failure.

Inadequate consultation, communication and
engagement with public stakeholders (local
communities, general public, and local, state or
national government). Failure to address concerns.
Loss of reputation. Genuine or perceived risks to
the community (e.g. environmental). Insufficient
support for the science case.
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Key accelerator technology components
are produced by a very small set (1,2,3...)
(e of vendors.

Processing
(LAL)

For XFEL power couplers, the Cu-coating

know-how was lost by all of them.
4 il Assembly
Yol (CEA Saclay)

It resulted in 1-year delay, officially
e recognized by the Eu-XFEL Council, and
/,/ ~100 M€ overcosts.

JEHIER

Multilayer
insulation

Harmonic Drive @) The good news is that Cu-coating
Astrofei . Y r-
sl — capability has been recovered.

Tuner motors




Elrfu Risk Methodology: Risk = Event

In Special Relativity, an event is a ‘point in spacetime’.

In Accelerator Construction, we may assume that space-time is not
continuous by discrete, with grid sizes:

At ~ 5 minutes
AX x Ay = 10 m? (actually, we need a variable mesh size)
Az~5m

Over ~10 years of design and construction, over 5 x 10,000 m? of
construction plants at partners labs + n x S m? of fabrication plants at
iIndustries + transportation routes:

= there is an infinite number of events when x where non-conformities
can OCcur.
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Elrfu Risk ‘Event’ during transportation HXFE

X-Ray Free-Electron

Laser

% One Toshiba Klystron was on board of this vessel... and is finally lost;
replacement by Toshiba within schedule is possible.

Joachim Mnich | DESY | Plenary ECFA 2013, CERN Nov 21, 2013 | Page 6 %5\‘
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.."]Irfu Non-Conformities Statistics

at time T,
3“
Z
undetected, detectea
so far
\ NC impact

negligible minor Important major ‘deaydly’




,."]Irfu Non-Conformities Statistics

attime T > T,

NC #

undetected detected

|\ NC impact

negligible minor Important major ‘dea'dly’




] |rfu

NC #

undetected

Non-Conformities Statistics

attime T > T,

. ’ e\
(WS
detected
I\ NC impact
minor Important major ‘dea'dly’

negligible




.."]Irfu Non-Conformities Statistics

attime T > T,

‘lceberg’ model

True model as long as d(NC#)/dT is large

NC #

detected

undetected

NC impact

negligible minor Important major ‘dea'dly’




