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CHAPTER 1

RDR Process

1.1 INTRODUCTION

In August 2004, the International Technology Recommendation Panel (ITRP) recommended
[1] that the International Linear Collider (ILC) should be based on superconducting RF ac-
celerating technology. The recommendation was subsequently endorsed by the International
Committee for Future Accelerators (ICFA). Shortly thereafter, the international Linear Col-
lider community began the task of developing a single design for the superconducting ILC,
as a truly global project. The first steps in this challenging effort were taken at the First
International Linear Collider Workshop, held in KEK, Tsukuba, Japan in November, 2004.

Approximately six-months after the first workshop, the Global Design Effort (GDE) was
formally created at the Second International Linear Collider Workshop, held in parallel with
the Americas Linear Collider Physies Group (ALCPG) workshop at Snowmass, Colorado, in
July 2005. The 2nd workshop built on the foundations laid at the KEK meeting, and was
paramount in making many basic fundamental design choices for the ILC, including among
others the choice of operating accelerating gradient. These decisions were then iterated over
the next months, resulting in the ILC Baseline Configuration Document (BCD), which was
officially accepted and adopted at the first GDE meeting held at INFN, Frascati, Italy in
December 2005. An equally important component of the BCD is a catalogue of important
alternative design options, which, although considered currently too immature for the Baseline
cost estimate, may eventually prove beneficial in either cost and/or performance.

At the same meeting at INFN, the process of organising the global effort to produce
the detailed ILC Reference Design and associated cost estimate began. The GDE structure
(Figure consisted of the following entities:

e An Executive Committee (EC), chaired by the GDE Director, who were responsible
for all major decisions and overall GDE management. The committee membership
included the three Regional GDE Directors and the three Accelerator Leads (one from
each region).

e Three Cost Engineers, one from each region, who were responsible for coordinating the
cost effort, defining and maintaining the Work Breakdown Structure (WBS) and its
associated dictionary, and ultimately assembling and reviewing the cost estimate.

e A Design and Cost Board (DCB), charged with defining the costing methodology and
reviewing the progress of the ILC design and costs. The board membership was made
up of the three Cost Engineers and additional GDE members.
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e A Change Control Board (CCB), responsible for implementing Change Control for the
BCD as the design developed. Membership was drawn from the GDE.

e A Global R&D Board (RDB), charged with defining, monitoring and reviewing the
global ILC R&D programmes. The board was chaired by the GDE R&D Coordinator
with members drawn from the GDE.

Director
3 Fegional Dractors

3 Accelerstor Leads

Executive Committce}

1 | 1
(Design & Cost Board (" Global R&D Board |  [Change Control Board RDR Management
(DCB) (RDB) (CCB) Beard
(incl Regional Cost Director
Engineers) 3 Cost Engineers
b b - 3 Accelerater Leads

Integration Scientist

[RDR technical groups}

(matrix)

FIGURE 1.1-1. GDE structure for producing the ILC Reference Design and Cost.

1.2 TECHNICAL DESIGN AND COSTING

The actual technical work of producing the conceptual design and associated cost estimate
was implemented using the matrix approach shown in Figure [1.2-2

AREA SYSTEM
Electron FPogitran Damping Ringto Main  Main Linac | Beam Deliveny
Source Saurce Rings Linac Syztem

Magnet sys tems
Wacuum

Inz trume ntation

RF Fower
Cryomodules

Cavity Fackage
Dumps & Collimatars
Aceelerator Physics
Conv, Facilities & Site
Ao dilability & Operations
Controk

Criogenics
Inztallation

TECHHNIC AL
SYSTEMS

GLOBAL
SYSTEM

FIGURE 1.2-2. Organizational structure for the Reference Design technical design and costing.

The design of the machine was geographically broken down into the Area Systems (repre-
sented in Figure as the columns of the matrix). At least two coordinators were assigned
to each Area System from different regions. Critical systems such as the Main Linac, Damp-
ing Rings and Beam Delivery System were assigned coordinators from all three regions. In
all cases, a lead contact coordinator was identified.

The Area Systems coordinators were given the following responsibilities:

e produce the detailed design and requirements for the layout and components of their
sub-systems;
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e coordinate cost- and performance- driven design modifications, and submit the associ-
ated formal Change Requests to the Change Control Board;

e roll-up and maintain the cost estimates for their specific Area System, and supply that
information to the Cost Engineers.

While it was the job of the Area Systems to define the scope and technical requirements
for their respective systems, the Technical and Global systems (represented by the rows in
Figure |1.2-2) were primarily responsible for component design and producing the unit cost
estimates:

e Technical Systems are generally associated with specific accelerator components
found in nearly all the Area Systems: Magnets (conventional and superconducting),
Power Supplies and Supports; Vacuum systems, including insulating vacuum for the
cryogenic systems as well as beamline UHV; Instrumentation, including beam position,
profile, length and loss monitoring; dumps and collimators were responsible for low- and
high-powered beam dumps, and numerous collimator systems throughout the machine;
RF power sources supplied klystrons, modulators and waveguide distribution systems
design and cost estimates (dominated by the Main Linac RF unit); Cryomodule and
Cavity Package are special cases, both being focused on the Main Linac superconduct-
ing RF. However, these systems were also responsible for warm RF sections in the
source capture sections, as well as the superconducting RF for the Damping Rings.

o Global Systems, as the name suggests, represent more global aspects of the machine
design which are not directly related to specific areas. Of these, Civil Construction and
Siting (CFS) is by far the largest system (cost driver). Others include cryogenics, con-
trols, availability and operations (which includes Machine Protection) and installation.

Each Technical/Global system was assigned a coordinator from each region (considered
important for maintaining cost input information from all regions). Points of contact between
Technical /Global and Area systems were identified to enable exchange of information between
the two. The responsibilities for the Technical/Global Systems coordinators were to:

e Obtain and consolidate lists of components and their requirements from the Area Sys-
tem Coordinators;

e produce cost estimates of the components/systems, using a suitably justifiable method
(e.g. comparison to existing machines, bottoms-up approximate designs, in-house esti-
mate or direct industrial quotes);

e iterate design considerations, where either the technical feasibility of the requirements
is not practical, or an alternative, more cost effective solution may exist;

e supply the cost information to the relevant Area Systems, and ultimately to the Cost
Engineers for review.

Overall day-to-day coordination of the design and costing process was provided by the
RDR Management Board (RDR MB), comprised of the GDE Director, the Cost Engineers
and Accelerator Leads, and an overall Integration Scientist responsible for global layout and
integration issues. The RDR MB had primary responsibility for the technical activities (e.g.
schedules and milestones, organizing review meetings, monitoring progress across the RDR
technical groups), and reported directly to the GDE Executive Committee.
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1.5-4

1.3 CHANGE CONTROL

The important concept of Change Control was implemented early in the history of the ILC
design effort, as a mechanism of maintaining a history of the baseline design, as well as
reviewing the cost/performance trade-off of any proposed modification. Change Control was
formally implemented via the GDE Change Control Board (CCB), whose regionally-balanced
membership was taken from accelerator expertise within the GDE.

The CCB designated the following levels of Change Control Request depending on the
estimated cost impact:

e Class 0: minor modifications (mostly to documentation) with no cost impact.

e Class 1: modifications to the Baseline Configuration with a net expected impact on
cost of <100 M$.

e (Class 2: modifications to the Baseline Configuration with a net expected impact of cost
of >100 MS$.

Differing formal review procedures have been implemented depending on the class (sever-
ity) of the change request. Class 0 and Class 1 modifications can be formally accepted and
implemented by the CCB, while major (Class 2) requests are ultimately decided by the GDE
Director and the Executive Committee based on recommendations from the CCB.

The CCB also played an important role in facilitating interactions to the World Wide
Study (WWS) and the physics and detector groups; who were agctively encouraged to partic-
ipate in the Change Request review process, especially when that request was of relevance to
the physics goals or the detector.

1.4 CRITICAL MILESTONES AND SCHEDULE FOR THE RDR

The detailed design work and cost estimation began shortly after the Baseline Configuration
was agreed upon at the Frascati GDE meeting (November 2005). The effort that followed
can be loosely split into two half-year periods:

e Frascati GDE Meeting (Dec. 2005) — Vancouver GDE Meeting (July 2006)
Consolidation of the detailed Baseline Design; production of component specifications
and requirements for Technical /Global Systems; Area/Technical/Global Systems prepa-
ration of a first estimate of total project cost for review at the Vancouver meeting.

e Vancouver GDE Meeting (July 2006) - Valencia GDE Meeting (Nov. 2006)
Cost-driven iteration of Baseline Design (Area Systems) and technical component costs.
Re-evaluation of (bottoms-up) cost estimate of the final RDR design. This phase saw a
re-evaluation of the Frascati Baseline Design, resulting in several significant cost-driven
machine layout modifications.

Figure shows a more detailed schedule, identifying the critical interim milestones in
the process.

1.5 GLOBAL ORGANIZATION ISSUES

Although the RDR design and cost estimate for the ILC is in itself a significant challenge,
the global nature of the project has raised additional challenges and complications, which
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2005 2006 2007

Now Dec Jan Feb Mar Apr May Jun  Jul Aug Sep Oct How

@ Frascati GDE
Agreeon Baseline Configuration for design & costing
@ KEKRDR mesting
® FHAL RDR mesting

& Bangalore GDE
sl wedi by videoconference reviaw of AS
* 15t D E MAC rewiew (F HAL)
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Vancouver GOE

Revewinitial cost estimate
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initjial discussion of cost reduction measures
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cost and design freeze
GDE internal full Cost R eview (SLAC) @
3rd GO E MAC review (costsy

Beijing GDE ¢
publish draft ROR with cost

FIGURE 1.4-3. Milestones in producing the Reference Design Report, including costs.

in many ways equal the technical issues and design decisions for the machine itself. The
geographically distributed groups have had to learn to remotely work together; the lack of
a “geographically centralized group” has required additional formality and discipline to the
way the work has been organized.

While examples of international projects do exist, the GDE has been learning during the
RDR process how best to organize itself. Significant use has been made of teleconferencing
facilities and web-based conferencing tools (e.g. WebEx) where possible. Several “global”
teleconferences including all three regions (and therefore all time-zones) were scheduled each
week, especially for the various GDE and RDR Management boards. Area, Technical and
Global Systems organized themselves, again primarily using remote conferencing facilities.
A primary communication tool was the Web and email, without which the RDR would not
have been possible. Use of a centralized wiki 