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EXECUTIVE SUMMARY 

The Department of Energy (DOE) Review of the U.S. Large Hadron Collider (LHC) 
Accelerator project was conducted February 23-26, 1998, at the request of Dr. John R. O’Fallon, 
Director, Division of High Energy Physics, Office of Energy Research, U.S. DOE. This is the 
first review of the U.S. LHC Accelerator project. 

Overall, the Committee found that the U.S. LHC Accelerator project effort is off to a good 
start and that the proposed scope is very conservative for the funding available. The Committee 
recommends that the project be initially baselined at a total cost of $1 10 million, with a scheduled 
completion date of 2005. 

The U.S. LHC Accelerator project will supply high technology superconducting magnets for 
the interaction regions (IRs) and the radio frequency (rf) straight section of the LHC intersecting 
storage rings. In addition, the project provides the cryogenic support interface boxes to service the 
magnets and radiation absorbers to protect the IR dipoles and the inner triplet quadrupoles. U.S. 
scientists will provide support in analyzing some of the detailed aspects of accelerator physics in 
the two rings. The three laboratories participating in this project are Brookhaven National 
Laboratory, Fermi National Accelerator Laboratory (Fermilab), and Lawrence Berkeley National 
Laboratory. 

The Committee was very impressed by the technical capabilities of the U.S. LHC Accelerator 
project team. The project has knowledgeable subsystem managers in place to provide strong 
technical leadership. Many of the world’s experts on the accelerator technologies being used in the 
LHC are members of the U.S. LHC Accelerator project. The relevant U.S. experience encompasses 
a number of recent accelerator projects including the Relativistic Heavy Ion Collider, the 
Superconducting Super Collider, HERA at DESY, and the Fermilab Tevatron project. 

Cost estimates for each subsystem of the U.S. LHC Accelerator project were presented to 
the Review Committee, with a total cost including contingency of $1 10 million (then year dollars). 
The cost estimates were deemed to be conservative. A re-examination of the funding profile, costs, 
and schedules on a centralized project basis should lead to an increased list of deliverables. 



Schedules were presented for each subsystem being provided by the U.S. LHC Accelerator 
project. These schedules are driven by the funding profile provided by DOE. The overall 
schedule presented to the Committee was optimized to provide an approximate 40/40/20 percent 
funding split to Brookhaven National Laboratory, Ferrnilab, and Lawrence Berkeley National 
Laboratory over the lifetime of the project. The Committee felt that these constraints contributed 
significantly to the descoping carried out in the fall of 1997. The Committee recommends that the 
project management re-examine the schedule to optimize the application of the project funds as 
identified in Action Item 2. Most of the activities are not envisioned to require seven years and 
could be completed in a much shorter time frame. These revised schedules need to be completed 
for all systems, integrated for the project, and then reviewed in six to eight months. 

The scope of U.S. deliverables to CERN has been reduced substantially from the program 
as originally envisioned. These reductions have been in response, in part, to a reduction in the 
total funding planned (4128 to $1 10 million) and in an effort to develop a more conservative 
baseline and contingency estimates. 

In summary, the Committee concluded that the proposed scope of U.S. deliverables to 
CERN can be readily accomplished within the $1 10 million total cost baseline for the project. 
The current deliverables should serve as the baseline scope with the firm expectation that 
additional scope will be restored to the baseline as the project moves forward. The Committee 
supports the FY 1998 work plan and scope of deliverables but strongly recommends the re- 
evaluation of costs and schedules with the goal of producing a plan for restoring the U.S. 
deliverables to CERN. This plan should provide precise dates when scope decisions must be 
made. 

.. 
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1. INTRODUCTION 

1.1 Background 

The Large Hadron Collider (LHC) will be a unique facility for basic research, providing 
the world's highest energies to probe the structure of matter and the forces that control it. In 
December 1996, CERN (the European Laboratory for Particle Physics outside Geneva, Switzerland) 
committed itself to the construction of the LHC Accelerator with start-up in the year 2005. 

The U.S. scientific community has strongly and repeatedly recommended the United 
States involvement in the LHC program. On December 8, 1997, Federico Pefia, Secretary, 
U.S. Department of Energy (DOE); Neal Lane, Director, National Science Foundation (NSF); 
Christopher H. Llewellyn Smith, Director-General, CERN; and Lucian0 Maiani, President, 
CERN Council signed an agreement on U.S. participation in the LHC program. This was further 
detailed by the Experiments and Accelerator Protocols signed on December 19, 1997. 

1.1.1 The LHC Project 

Upon completion, the LHC will become the highest energy accelerator in the world. It will 
provide two proton beams, circulating in opposite directions, at an energy of 7 tera electron volts 
(TeV) each. These beams will collide with an event rate 1 ,OOO times higher than that presently 
achieved at the Tevatron, currently the world's most energetic proton accelerator (nearly 1 TeV per 
beam) at Fermi National Accelerator Laboratory (Fermilab) near Chicago. Two large detectors, 
ATLAS (A Toroidal LHC Apparatus) and CMS (Compact Muon Solenoid) will detect and record the 
results of each collision. These detectors will be among the largest and most complex devices for 
experimental research ever undertaken, and the events that they see are expected to point to 
exciting, even revolutionary advances in our understanding of matter and forces. 

The LHC project was approved in December 1994 by the CERN Council, the governing 
body of CERN, but due to financial concerns, was planned at the time as a two-staged effort with 
full completion in 2008. In December 1996, the CERN Council approved a baseline for the LHC 
in which the project would not be staged, with completion in 2005. In establishing this baseline, 
the CERN Council took into account the major commitments to accelerate the completion of the 
LHC project made by many non-Member States, such as Canada, India, Israel, Japan, and Russia, 
and the status of ongoing negotiations between DOE, NSF, and CERN, which had started at the 
end of 1995. 
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1.1.2 U.S. LHC Accelerator Project 

The U.S. LHC Accelerator project focuses on the interaction regions (IRs) and the radio 
frequency (rf) straight region of the LHC Accelerator. This involves the design, fabrication, and 
integration of the specialized components required to provide adequate beam handling in these 
regions, especially the superconducting magnets. The project is responsible for providing CERN 
with integrated inner triplet magnet systems. The project will design and build the neutral beam 
and front quadrupole absorbers, which are required at points 1 and 5. In the rf straight section at 
point 4, the project will provide specialized superconducting magnets and collaborate with 
CERN on the integration of these devices into this region. 

In addition to building these specialized components, the U.S. laboratories will aid CERN 
in the design and construction of LHC by providing technical support in several areas. The 
project will participate in the R&D and perform acceptance testing of the superconducting wire 
and cable for production of the main LHC ring magnets. The project will modify and lend to 
CERN production cable diagnostic equipment that was first developed during the 
Superconducting Super Collider (SSC) project. The project will also work with CERN on a 
number of special accelerator physics topics of mutual interest, focussed primarily, but not 
exclusively, on issues related to the U.S.-provided hardware. 

1.2 Charge to the DOE Review Committee 

In a September 30, 1997, memorandum (Appendix A), Dr. John R. O’Fallon, Director of 
the DOE Office of High Energy Physics, established a DOE baseline Review Committee for the 
U.S. LHC Accelerator project. 

1.3 Membership of the Committee 

The DOE Review Committee for the U.S. LHC Accelerator project was chaired by 
Daniel R. Lehman, Construction Management Support Division, Office of Energy Research, U.S. 
DOE. The Committee was organized into five subcommittees with members drawn from DOE 
national laboratories, foreign accelerator laboratories, U.S. universities, private consultants, and 
the DOE Office of Energy Research. In addition, there were observers from DOE and CERN, 
and support personnel. The Committee membership and subcommittee structure are found in 
Appendix B. 
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1.4 The Review Process 

The review took place February 23-26, 1998, at Fermilab in Batavia, Illinois. 
Comparison with past experience on similar projects was the primary method for assessing 
technical requirements, cost estimates, schedules, and adequacy of the management structure. 

I As shown in the Review Agenda (Appendix C), the first day of the review was devoted to 
a plenary session with project-overview presentations by members of the U.S. LHC Accelerator 
project and a presentation by the LHC Project Leader, Dr. Lyndon Evans of CERN. On the 
second day and part of the third day, members of each subcommittee met with their U.S. LHC 
Accelerator project counterparts in working sessions to discuss details of the scope, cost, 
schedule, and management of each system. The remaining time was spent in subcommittee 
working sessions, committee deliberations, and report writing. The Committee discussed the 
results of the review with members of the U.S. LHC Accelerator project in a Close-Out Session 
on the afternoon of February 26. 
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2. OVERVIEW OF LHC ACCELERATOR PROJECT 

2.1 Introduction 

Three U.S. national laboratories are participating in the construction of the LHC at 
CERN. The U.S. contribution to the LHC Accelerator is a subproject of the overall construction 

Each ring will have an energy of up to 7 TeV. At four positions around the two rings known as 
interaction regions the individual beams will be made to collide with each other. At another 
position in the rings, rf energy is coupled to the beams to accelerate and control them. It is at 
these points that the much of the work of the U.S. contribution will be focused. U.S. physicists 
are also important collaborators in two LHC experiments that will explore particle physics up to 
the TeV mass scale, and the U.S. contribution to the construction of the LHC will shorten the 
time required to bring the device into operation. Importantly, U.S. efforts will provide a vehicle 
for U.S. national laboratories to take part in forefront hadron collider research and to build the 
world wide cooperation that will be necessary to construct future colliders beyond the LHC. 

1 project. The LHC consists of two accelerator storage rings with counter rotating proton beams. 

The major technical deliverables of the U.S. LHC Accelerator project focuses on the IRs 
and the rf straight section of the LHC. This involves the design, fabrication, and integration of 
the specialized components required to provide the precise beam handling in these regions, 
especially the superconducting magnets and associated support hardware. The project is 
responsible for providing CERN with integrated inner triplet magnet systems, including 
feedboxes, for the four IR at points 1,2,5, and 8. The project will also design and fabricate the 
front absorbers and neutral beam absorbers that are required at the high luminosity IR at 
positions 1 and 5 where two of the detectors are located. In the rf straight section at point 4, the 
project will provide specialized superconducting magnets and will collaborate with CERN 
concerning the integration of these magnets into this region. 

In addition to these magnet fabrication activities, the project will help CERN in the 
design and construction of LHC by providing technical support in several areas. U.S. 
laboratories will participate in the R&D and perform production testing of the superconducting 
wire and cable in order to characterize it for use in the main LHC magnets. The project will also 
work with CERN on a number of special accelerator physics topics of mutual interest, which are 
focussed primarily, but not exclusively, on issues related to project provided hardware. 

I 
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2.2 Interaction Regions 

The quality of the two beams in LHC at the point of interaction is highly dependent upon 
the integrated focusing quadrupole inner triplet magnet systems placed just before the interaction 
points (IP). These systems are placed at four IRs denoted as points 1 ,2 ,5  and 8. The project 
will develop, design, and fabricate half of the high magnetic gradient quadrupole cold masses 
that make up the final focus system. The KEK Laboratory in Japan will provide the remainder. 
The cold mass consists of the superconducting coils, high strength supporting collars, and 
magnetic flux return yokes. The project will design and fabricate cryostats for all of the 
quadrupoles, and assemble both the U.S.-built and Japanese-built cold masses together with 
correction coils and beam and cryogenic instrumentation provided by CERN into complete 
systems. Additionally, the project will design and fabricate cryogenic feedboxes that provide the 
interface between the superconducting triplet systems and the CERN cryogenic, power, and 
instrumentation systems. 

Figure 2-1 is a schematic illustration of an assembled LHC IR inner “triplet.” Each inner 
triplet consists of four cold mass assemblies, three multipole correctors and two beam position 
monitors supplied by CERN, and supplementary heat absorbers. The overall length is 
approximately 30 meters, not including the feedbox. 

Figure 2-1 also shows a typical cross section through any of the inner triplet quadrupoles 
at a cold mass support location. Each cold mass is supported at two places along its length by 
top-mounted supports oriented at f 45 O from the cold mass centerline. Using two supports 
produces a much more rigid cold mass mounting system than one single pedestal support and 
should help to attain the stringent alignment requirements for quadrupoles in the IR. The cross 
section also illustrates the sub-lambda heat exchanger mounted external to the cold mass. 

The high gradient quadrupole magnets are state of the art superconducting devices. The 
magnetic field developed at the pole pieces pushes the limits of niobium titanium 
superconducting technology for devices operated below 1.9 K. The design uses a two layer 
winding which has required the development of wide Rutherford superconducting cable. Strands 
for the cable are surplus from the SSC project. 
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At the four intersection or beam collision points a transition must be made from the 
cryogenic environment in the magnets. It is the function of the cryogenic feedboxes to transfer 
cryogens from the CERN cry0 feed line to the magnet assembly. Eight different variants of the 
IR cold boxes will be needed because each triplet system is unique due to the tunnel slope, the 
operating slope, and whether the adjacent type D1 dipoles are normal or superconducting. The 
design is further complicated by the use of high temperature superconductor current leads. These 
devices have not been reduced to industrial practice at this time. However, the project can 
substitute conventional counter cooled leads which would result in a higher heat load. Handling 
this load would be CERN’s responsibility. 

2.3 IR Absorbers 

In the operation of the LHC at its designed high luminosity there will be about 1.25 kW 
of power in collision products leaving the IR in each direction. Small angle elastic and 
diffraction scattering of the primary protons carry off some of this power and it stays inside the 
beam tube until leaving the IRs. However, significant fractions are carried off by particles 
leaving the beam tube in the IR. Special purpose absorbers must intercept this power at the front 
end of Q1 quadrupole (front quadrupole absorbers) and between the beam separation dipoles 
types D1 and D2 (neutral beam absorbers), in order to prevent quenching superconducting 
magnets in the IRs. 

Preliminary designs of the absorbers have been completed. The final design is dependent 
mainly on machine parameters that will be fixed within two years. However, the design of the 
support structure for the front absorber is dependent on the final design of the experimental 
shielding, which may not be available for up to three or four years. This delay will not affect the 
delivery. 

2.4 RF Region Dipoles 

At the rf position of the collider rings, the two counter rotating beams must be separated 
and guided into the rf cavities. The project is taking advantage of leveraging existing technology 
at Brookhaven National Laboratory (BNL) by using technology developed for the Relativistic 
Heavy Ion Collider (RHIC) project. To separate the beams (and bring them back together) four 
dipole pairs (1 each D3a, D3b, D4a, and D4b on each side of the insertion) are used. The 
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superconducting coils are the exact cross section as those used in RHIC with a slightly modified 
conductor. Brookhaven is planning to use RHIC cold masses for two pairs of the dipoles. For 
the remainder, the coils will be put into a two-in-one configuration. 

2.5 Superconductor 

The U.S. national laboratories have developed extensive technology in the development 
of cabling techniques for Rutherford cable and have also established the premier facility for the 
testing and evaluation of the electrical properties of superconductor cable. At Lawrence Berkeley 
National Laboratory (LBNL) there is a cable development test center. In addition, the staff at 
that laboratory has continued the development of automated, in-process quality control 
instrumentation. This instrumentation, as well as some fabrication machinery and devices have 
been lent to CERN for the duration of the LHC project. Lawrence Berkeley will supervise the 
fabrication of cable from SSC surplus superconductor strand for use in Fermilab’s fabrication of 
high gradient quadrupoles. 

Brookhaven is to perform the final electrical acceptance testing of the superconductor 
cable to be used in the fabrication of the main accelerator magnets at CERN. Twenty-five 
percent, or 3,435 of the finished cables will be tested at 6-7 Tesla and 4.2 K; ten percent of these 
will be tested 8-9 Tesla and 1.9 K, near the actual operating parameters in LHC. Brookhaven 
will also short sample test 3,900 samples of the strand used to fabricate the cable. Performance 
requirements of the LHC require that the cable performance fall in a narrow window. The test 
center at BNL, which is certified by the National Institute of Standards and Technology (NIST), 
will ensure that this happens. 

2.6 Accelerator Physics 

The major component of the accelerator physics effort is devoted to the critical task of 
determining specifications for the IR quadrupoles and other high-quality magnets. The program 
should also assure that all magnets and associated hardware delivered to CERN (including the IR 
quadrupoles to be provided by KEK) will lead to excellent LHC performance. In addition, there 
are design and quality assurance efforts associated with other physical deliverables such as beam 
absorbers. Finally, there is other accelerator physics work, not directly related to deliverable 
hardware, that answers important questions, will improve performance of the LHC, and 
capitalizes on existing BNL, Fermilab, and LBNL expertise. 
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3. TECHNICAL SYSTEMS EVALUATIONS 

3.1 Interaction Regions 

3.1.1 IR High-Gradient Quadrupoles (WBS 1.1.1) 

3.1.1.1 Summary 

The U.S. LHC Accelerator project is responsible for providing CERN with integrated 
inner triplet magnet systems for the four IRs at points 1,2,5, and 8. The Fermilab-LBNL team 
will design, develop, and fabricate half of the high-gradient quadrupole cold masses that make up 
the final focus system, the other half are to be provided by the KEK Laboratory in Japan. The 
U.S. laboratories will also develop and build cryostats for all the quadrupoles. In addition, the 
laboratories will assemble the US.-built and Japanese-built quadrupoles together with the CERN 
provided correction coils and beam and cryogenic instrumentation into complete systems. 
Fermilab will lead this effort. Final assembly of components and testing of the quadrupoles will 
be carried out at that laboratory. The available scientific and engineering resources are more than 
sufficient to complete the tasks at hand in a timely fashion. 

The total base-funding request of $26.7 million, with a contingency of $7.9 million is 
adequate to complete the project. 

The seven-year program, set by the LHC project at CERN, leads to an inefficient use of 
engineering, design, inspection, and administration (EDIA) resources, and hence raises the cost. 

The management in place has considerable experience in the production of magnets, and 
will meet the technical and schedule requirements of the LHC. 

3.1.1.2 Technical Scope 

Findings 

This task requires the design, fabrication, assembly, test, and delivery of 40 operational 
quadrupole cold masses in cryostats, which include 20 US.-built and 20 Japanese-built 
quadrupole cold masses and an appropriate set of correctors and beam position monitors (BPMs) 
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provided by CERN. The scope also includes a development program that calls for the production 
and testing of a group of model and prototype quadrupoles, as well as the fabrication and testing 
of a full-scale quadrupole heat exchanger test cell of the type planned for the cryostats. 

There appear to be no obvious show-stoppers, but a myriad of important technical details 
that require good engineering oversight. 

It was not clear how possible negative results from the proposed test programs lead in a 
planned way to remediation. As an example, more attention may need to be given to the 
transition between the testing of short models and the full-length models or prototypes. 

A clear definition and understanding of how the quadrupoles would be aligned seemed to 
be lacking (both as a triplet set and in the tunnel as a part of the whole machine). This needs to 
be addressed before proceeding to a more detailed design. 

The He II cryostat design team does not have extensive experience, but the staff is 
competent, cognizant of the problems, and has established an appropriate test program in 
collaboration with CERN that should lead to success. 

The program for delivering cable and wedges for the windings appears to be appropriately 
laid out and already progressing well. 

3.1.1.3 Cost 

Findings 

Total projected cost for the IR quadrupoles is $34.6 million comprising an estimated base 
cost of $26.7 million and a contingency of $7.9 million. The base includes $1 1.3 million of base 
EDIA. The total EDIA includes $4.2 million contingency. 

Cost estimates are very conservative for the scope described. 
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The high estimates appear to result in part from an non-optimized program, which leads 
to a less than optimal use of professional, technical, skilled labor, and infrastructure. A 
compression of the project that uses the resources to their best levels would yield tangible fiscal 
benefits. In addition, makebuy options have not been fully investigated. 

The high contingency (nearly 30 percent) reflects both a concern for the definite limits on 
total funding but also the real technical risks associated with the required high performance of the 
quadrupoles and the substantial number of interfaces to non U.S.-supplied equipment that has not 
been fixed. 

3.1.1.4 Schedule and Funding 

Findings 

The important milestone for beginning the installation of systems in the IR is June 2003. 
Other installations occur from May 2004 through June 2005. Model quadrupole development is 
now underway with testing of a single full-length prototype planned for 2000. Quadrupole 
production is planned to begin in 2001. The average production is roughly one cold mass per 
month. Testing of the prototype He II heat exchanger is slated for completion in mid-1999. 
There is flexibility in the schedule to permit an extension of the development phases if needed. 

The present schedule is clearly longer than needed to accomplish the planned tasks, 
primarily bounded by the anticipated completion of the R&D phase and by the fact that the first 
system will not be needed for installation before 2003. 

The cold-mass production rate, half or less than that for SSC dipoles or Tevatron low- 
beta quadrupoles (tasks of comparable scale), is very low. 

As a consequence to the extended schedule, there is potential for a sagging interest and 
loss of sharpness within the production team especially during the production run. 
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It appears that deliveries could start earlier and finish faster without compromising quality 
(a strong sentiment was expressed that a more compressed schedule would be more efficient, 
thereby improving quality and reducing risk). 

3.1.1.5 Management 

The IR quadrupole systems are primarily the responsibility of Fermilab. James Kerby is 
the Fermilab-LHC Project Manager. Working with Mr. Kerby are Alexander Zlobin, 
Thomas Peterson and James Holt, with direct responsibility for the quadrupole systems, IR 
integration, and accelerator physics, respectively. A competent and experienced staff at all levels 
supports this team. 

Technical performance appears to have been emphasized during project planning while 
optimum schedule and cost have not. 

Some important requirements, specifications, and interface definitions remain 
undetermined. 

Principal contacts at CERN have been identified more by technical competence than by 
responsibility or authority. 

The communication of design information among the laboratories, especially CERN, 
lacks formality. 

3.1.1.6 Recommendations 

1. Revisit project planning from the perspective of optimizing schedule and cost. 

2. Implement a system for more efficient definition and control of requirements, 
specifications, and interfaces. 
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3.1.2 IR Feedboxes, Absorbers, and Integration (WBS 1.1.3,1.1.4, and 1.1.5) 

3.1.2.1 IR Feedboxes 

3.1.2.1.1 Summary 

The IR feedboxes provide the cryogenic and electrical interfaces between the IR 
quadrupoles, dipoles, correctors, and the CERN provided utilities. With the exception of the 
high temperature superconducting leads, also being developed in parallel by CERN, the technical 
risk for these units is low. There is also no cost or schedule risk associated with these units. It is 
the feelings of the subcommittee that cost can be reduced and that the schedule for delivering 
these units can be shortened. 

3.1.2.1.2 Technical Scope 

The IR feedboxes provide the cryogenic and electrical interfaces between the IR 
quadrupoles, dipoles, correctors, and the CERN provided utilities. These utilities include 
cryogens, electrical power, instrumentation, and vacuum. Additionally, the feedboxes provide a 
beam tube interface between the quadrupole string and the dipole, and a portion of the 
cryosystem infrastructure require for achieving the magnet operating temperature of 1.9 K. There 
are eight different feedboxes. The differences depend upon the source providing the quadrupole 
cold-mass (KEK provided quadrupoles have a different diameter and lower operating current 
than those supplied by the U.S.), location with respect to the LHC cryoplants, the slope of the 
tunnel, and whether the adjacent dipoles are conventional or superconducting magnets. 

These feedboxes are to be designed, fabricated, tested, and delivered for installation in the 
IR of LHC. 

The proposed subsystem scope is complete and adequate. 
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The high-risk areas for the IR feedboxes are the high temperature superconducting current 
leads. A hybrid between a standard vapor cooled lead and superconducting elements made from 
high temperature superconductors, these units are in the developmental stage. The CERN LHC 
program, which requires hundreds of these leads, is pursuing a parallel development program. If 
the U.S. program is not successful in obtaining these leads, the fallback position is to use the 
CERN developed lead. If the CERN program is unsuccessful, standard vapor cooled leads would 
be used, which would have almost no impact on the U.S. contribution, but would have a 
significant impact on the size and design of the LHC cryoplants. 

The remainder of the scope is low risk. 

3.1.2.1.3 Cost 

The base cost presented assumed that LBNL personnel would perform the design and 
manufacture of the feedboxes, with a number of the internal components procured from industry. 
The base cost for fabrication of eight feedboxes is $3.62 million, of which roughly a third is the 
cost of the high temperature current leads. The EDIA is placed at $1.194 million, with shipping 
estimated to be $1 11 K. The rolled up cost is $4.924 million. A total contingency for this WBS 
element of 28 percent or $1.395 million is included for a total WBS cost of $6.3 19 million. 

Cost Evalu- 

For comparison purposes, the subcommittee performed a top down estimate of the cost 
for producing the eight feedboxes. Based on a firm fixed price obtained in mid-1993 for two 
pairs of feed and end cans for SSC quadrupole magnets, and using engineering judgment, the 
subcommittee concluded that, if a performance specification was issued to industry, a component 
cost of $500 K per feedbox free-on-board (FOB) was achievable. Assuming that CERN interface 
control documents and specifications are in place, the development of a performance 
specification for the feedboxes, selecting a vendor and obtaining the necessary approvals, and 
monitoring the manufacturing process would require twelve and a half months of a full time 
equivalent (FTE), and three months of a full time designer (FTD). Shipping the feedboxes to 
CERN was estimated to cost $25 K, based on the known cost for shipping magnets from the 
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Stanford Linear Accelerator Center (SLAC) to Japan ($5 K per 20 foot long shipping container). 
The total estimated cost for eight feedboxes FOB to CERN is $4.3 million, which is roughly 
15 percent below the current base cost of $4.92 million. 

3.1.2.1.4 Schedule and Funding 

Schedule Findings 

The schedule for this project is effectively set by CERN that leads to a proposed schedule 
that is unnecessarily long. The highest risk component required by this project is the high 
temperature superconducting leads to be provided as part of the IR feedboxes. As noted 
previously, these will be purchased from industry. Failure of the U.S. project to procure leads 
should not have an impact on the schedule if a reasonable envelope is allowed to permit 
retrofitting of a CERN procured lead assembly. The possibility of retrofitting the CERN leads at 
CERN should be considered in the design effort so that procurement delays do not impact 
feedbox delivery schedules. Since vapor cooled leads typically will fit into an envelope that is 
smaller than or equal to that of a high temperature superconducting lead, retrofitting of these 
leads should also not cause significant complications or impact schedule. 

With the budgetary estimate performed by the subcommittee, a schedule estimate was 
also performed. Making the same assumptions concerning the availability of CERN 
specifications and interface control documents, and the issuing of a performance specification, 
delivery of all feedboxes should take roughly three years. This includes six months to complete 
U.S. interface development, one month to write the performance specification, six months to 
obtain proposals, select a vendor and get CERN approvals, and to monitor the procurement. It 
was assumed a first article would be completed in eleven months, during which spools for the 
remaining units would be prepared, and three months for each additional pair of units. 

3.1.2.2 IR Absorbers 

3.1.2.2.1 Summary 

Absorbers are required to shield the superconducting components from showers of 
interaction products. The technical risk for these units is low. There is also no cost or schedule 
risk associated with these units. It is the feeling of the subcommittee that cost can be reduced 
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and that the schedule for delivering these units can be shortened. Since the absorbers are not 
needed until 2004, the start date for commencing with work on these units can be significantly 
delayed. 

3.1.2.2.2 Technical Scope 

Absorbers are required to shield the superconducting components from showers of 
interaction products. There are two types of absorbers. The first are the neutral beam absorbers 
(TAN), that are located between IR dipoles D1 and D2, which will be designed to absorb 330 W 
of dissipated energy. The second type are front quadrupole absorbers (TAS), which are located 
upstream of the Q1 quadrupoles in the IR triplets, which will be design to handle 145 W. Four 
units of each type are required. Since these units will become radioactive over time, they must 
be designed for easy replacement. This requirement is constrained by the LHC tunnel crane 
capacity of five tons. These items have no high technology components. 

The proposed subsystem is complete and adequate. 

The risk for this scope of work is low. 

3.1.2.2.3 Cost 

The cost presented assumed that LBNL personnel would perform the design and 
manufacture of the eight absorbers, with a number of the components procured from industry. 
The base cost for fabricating eight absorbers is $2.142 million. The EDIA is estimated at 
$1.253 million, with shipping estimated to be $137 K. The rolled up cost is $3.532 million. A 
total contingency for this WBS element of 29 percent or $1.008 million is included for a total 
WBS cost of $4.540 million. 
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Cost Evaluation 

The subcommittee performed a cost estimate for designing, fabricating, and shipping the 
absorbers to CERN and did an order of magnitude verification of its calculations based on 
informal communications with a reputable manufacturer. The fabrication costs for 
manufacturing the eight absorbers is estimated to be $750 K. An engineering estimate for 
manufacturing of the ionization chambers led to a cost of $15 K each, resulting in a total of 
$120 K for the eight units. No adjustment was made in the prototype ionization chamber 
fabrication costs. The total estimated fabrication cost is $901 K. Shipping was conservatively 
estimated as $50 K, based on $5 K per 20 foot shipping container. Assuming that CERN 
specifications and interface control documents are in place, it would require approximately one 
FTE for four months, and one FTD for two months, to design the absorbers and produce drawing 
packages, select a vendor and obtain the necessary approvals, and follow the manufacturing 
process. The total base cost is estimated to be $1,07 1 million FOB CERN. This is 70 percent 
less than the current base cost. 

3.1.2.2.4 Schedule and Funding 

The CERN personnel stated during the review that final details with respect to the 
experimental areas, required for the design of the front absorbers support structure, might not be 
available until 2003. With the budgetary estimate performed by the subcommittee, a schedule 
estimate was also performed. Assuming the existence of the appropriate documentation from 
CERN, and a decision to procure the absorbers with a “build to print” approach, the absorbers 
should be deliverable in less than a year. With a need date in 2004, work on the absorbers could 
be delayed. 

3.1.2.3 IR Integration 

3.1.2.3.1 Summary 

The IR integration is responsible for establishing and defining the interfaces between 
equipment provided by CERN, the three U.S. laboratories, and KEK. This effort is currently on 
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track, but must remain a high priority task for the project. The subcommittee feels that every 
effort needs to be made to solidify lines of communication with CERN, and between the U.S. 
contributors to facilitate interface definition and control. 

3.1.2.3.2 Technical Scope 

IR integration is responsible for establishing and defining the interface between 
equipment provided by CERN, the three U.S. laboratories, and KEK. These interfaces include 
but are by no means limited to the following: 

Quadrupole cold mass (Fermilab or KEK) to cryostat (Fermilab) 
Quadrupole cold mass (Fermilab or KEK) to corrector cold mass (CERN) 
Quadrupole cryostat (Fermilab) to cryogenic feedbox (LBNL) 
D1 cryostat (CERN) to cryogenic feedbox (LBNL) 
Feedbox (LBNL) to transfer line (CERN) 
Current leads (LBNL) to high current bus (CERN) . 
Quadrupole cryostat supports (Fermilab) to alignment jacks (CERN) 
Neutral absorber supports (LBNL) to tunnel (CERN) 
Front absorber supports (LBNL) to experimental shielding (CERN) 

Deliverables include an interface control document for each of these interfaces. 

Subsvstem Evaluation 

This effort is currently on track, but must remain a high priority task for the project. 

3.1.2.3.3 Cost 

The base cost for IR integration, which consists entirely of EDIA, is $1.5 18 million. A 
contingency of 29 percent, or $434 K, is included for a total WBS cost of $1.953 million. 
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Cost Evaluation 

The subcommittee felt that the cost for IR integration was reasonable for the scope of 
work. 

. 3.1.2.3.4 Schedule and Funding 

Schedu le and Fu nding 

Without specifications and interface control documents from CERN, work performed by 
the U.S. LHC project will be significantly curtailed; without interface control documents for the 
various units being contributed, meaningful work will be delayed. As noted elsewhere, in many 
areas the schedule is loose and start dates could be delayed. The time needs to be devoted to 
firming up requirements and generating the necessary docyments needed so that the WBS 
managers can proceed directly with design efforts when start dates are reached. 

3.1.2.4 Management-IR Feedboxes, Absorbers, and Integration 

It is the feeling of the subcommittee that very good communications have been 
established between Fermilab and LBNL personnel with respect to the IR feedboxes. 
Improvement might be achieved in the area of drawing transfer. Current procedures are 
cumbersome, but functional. This quality of communication needs to be established and 
improved between other elements of the program, both in the U.S. and at CERN. Identification 
of key interface project personnel must be accomplished. Additionally, a system must be set up 
to receive, process, and distribute CERN drawings and changes by the appropriate U.S. liaison 
(a system integration plan). 

3.1.2.5 Recommendations-IR Feedboxes, Absorbers, and Integration 

1. Since CERN must also develop and procure a large number of high temperature 
superconducting leads, allow an appropriate envelope in the design for all potential 
lead options. 

2. LBNL should consider completing the feedboxes and absorbers in tandem or delay 
starts. 
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3. Complete a value engineering and a makebuy analysis for the IR absorbers and the IR 
feedboxes. 

4. Move the integration and interface function to the project management area of the 
organizational chart. 

5. Place in contingency the difference between the values estimated by the subcommittee 
and the LHC team for the absorber and feedbox WBS elements. 

3.2 RF Region Dipoles (WBS 1.2) 

3.2.1 Summary 

The dipoles required in the rf re'gion of the LHC have field and aperture requirements 
close to those of the RHIC arc dipole magnets, which could be used cost-effectively in a dipole 
design that satisfies CERN's requirements. As far as possible, the magnets will be fabricated at 
BNL using tooling constructed for the RHIC program and tested at the BNL test facility. The 
Committee identified potential problems that may result from the distributed responsibility for 
the interface definitions. Close coordination will be required between CERN and BNL to ensure 
that they meet all requirements for operation in the LHC. 

The management team in place has considerable experience in the production of magnets, 
and will meet the technical and schedule requirements of the LHC. 

The available scientific and engineering resources are more than sufficient to complete 
the tasks at hand in a timely fashion. 

The total base funding request of $14.4 million, with a contingency of $2.0 million is 
adequate to complete the project. 

The seven year program, set by the LHC project leads to an inefficient use of EDIA 
resources, and hence significantly raises the cost. 
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3.2.2 Technical Scope 

Finding 

This task calls for the design, fabrication, test, and delivery of twelve operational twin- 
aperture dipoles (including two, plus one spare in each of the required four different aperture 
spacings) housed in their cryostats. The program also calls for the production and test of two 
three-meter models of this set to confirm readiness to enter production. 

Evaluation 

The processes for producing the scoped systems have been well defined. The process 
involves the adaptation of a similar design, including designing and fabricating the required 
tooling, training and qualifying skilled labor, fabricating the components, assembling the 
systems, and assuring ultimate quality. 

The planned production facilities are clearly capable of much higher volume which tends 
to inflate the unit cost of product. 

Planned test facilities, also adapted from prior use, will have more than adequate 
capacity. 

3.2.3 Cost 

Total projected cost for the rf dipoles is $16.4 million, comprising an estimated base cost 
of $14.4 million and a contingency of $2 million. The total includes $8.9 million of EDIA 
($8.0 million base and $0.9 million contingency). The magnet production costs not including 
tooling or interconnects are estimated at $4.6 million ($4.0 million base and $0.6 million 
contingency), roughly half of the total EDIA. 

fivaluation 

Costs for all facets (design, tooling, production, and test) are based on the dominant 
fraction of work being done within BNL. Makebuy options have not been fully investigated. 
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Many credits can and have been taken for facilities and tooling used on previous projects, 
but possibly there may be more benefits to be had from the translation of engineering solutions 
from previous projects. 

Costs might be significantly reduced if the design of the D3-series dipoles used a more 
direct design adaptation of a pair of RHIC dipole cold masses. 

Unit costs could be reduced if more systems of similar design were produced. 

The EDIA cost estimates have been made primarily on the basis of a cost factor applied to 
more detailed estimates of design effort, with specific additions for special functions (e.g., 
quality assurance, administrative support, etc.). No credit has been taken in the estimate for 
reduced cost due to production experience. 

Manpower estimates appear to have been made as a part of a broader planning exercise 
for the magnet fabrication facilities rather than strictly for what is needed for the tasks of this 
project. 

The high estimates appear to result in part from a fitting of EDIA to a seven-year 
program, which leads to a less than optimal use of professional, technical, and skilled labor. A 
compression of the project to four years would yield tangible fiscal benefits. 

3.2.4 Schedule and Funding 

Findings 

The schedule is pinned to planned installation of the rf dipoles, which will begin in mid- 
2004. Production will begin in mid-2002. Deliveries begin in the third quarter of 2002, the total 
being spread over approximately 20 months. Purchase of materials begins in the first quarter of 
2001 and extends over 18 months. Design, development, and testing precedes all other work 
being completed at the end of 2000. 
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fivaluation 

The schedule for production is very relaxed for the volume of systems to be produced. 

CERN needs to be made aware that progress on the design of the rf region dipoles could 
be held up if specifications are not defined early enough. 

3.2.5 Management 

Findings 

The rf-dipole task is entirely the responsibility of BNL. Erich Willen is both the BNL 
LHC Project Manager and the RF-Dipole Project Manager. Competent and experienced staff 
have been committed at all levels to support him in the design, development, production, and test 
areas. The design integration and coordination functions are not a specific responsibility of 
anyone other than the Project Manager. 

Important requirements, specifications, and interface definitions remain unfixed. 

Nevertheless, the required systems can easily be delivered within the production plan 
before they will be needed at CERN. 

The planned production facilities and processes, adapted from those used for RHIC and 
planned for SSC, have the capabilities for much higher volume and rate that approaches 200 per 
year. 

As presently conceived, the staffing profile appears to be less than optimal, spread over 
too long a period. 

Efficient interface control appears to be artificially burdened by extraction of the rf dipole 
subsystems from a more logically contiguous system that would include the rf quadrupoles. 
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3.2.6 Recommendations 

1. Revisit project planning from the perspective of optimizing the schedule and cost. 

2. Restore single (Dl) and double aperture (D2) dipoles to the scope. 

3. Restore original scope of work for the rf region of the LHC to ensure a more logical 
interface definition. 

3.3 Superconducting Wire and Cable (WBS 1.3) 

3.3.1 Superconducting Wire and Cable Testing (WBS 1.3.1) 

3.3.1.1 Summary 

This task supports the testing and evaluation of the superconducting wire and cable 
production for the LHC during the entire conductor production period 1999-2004. During the 
initial period 1997-1998, R&D on the strand and cable testing/evaluation is performed. The 
cable test facilities are being upgraded to be able to test at both 4.2K and 1.9K, with additional 
test facilities being developed to handle the peak cable production rates. 

Most of the development activities for determining test procedures and upgrading 
facilities is well underway or completed. This results in little technical risk for this task. The 
cable production rates drive the schedule over the entire duration of the U.S.-LHC program. The 
only risk related to schedule occurs if the cable production pace is not maintained, leading to a 
schedule extension of this task. 

The costs are considered reasonable and developed in good detail based on similar cable 
test activities carried out at BNL for the HERA and RHIC cable production runs. Thus, there is 
little cost risk. The contingencies are low, reflecting the realism of the base cost estimate. The 
Committee suggests that the engineering support (at two FTEs), during the high but steady cable 
production testing periods during the last four years of the project, be reduced to one FTE. It is 
recommended that this reduction be reflected as an increase in contingency of the EDIA 
component of this task. 
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This activity will enhance the U.S. capability for high current cable testing and maintain 
I 

this essential capability over a long period of time. 

3.3.1.2 Technical Scope 

I 
I Finding 

I The scope of this task includes: 

R&D on development of cable testing for critical current (I,) at 4.2 K and 1.9 K 
Upgrades to testing facilities to handle LHC cable production testing 
- 
- 
- 
- 
- 
- 
3435 Cable I, tests at 4.2 K 
304 Cable I, tests at 1.9 K 
3900 Strand I, tests 
300 Strand magnetization tests 

Test rigs for 4.2 K I, testing 
Test rig for 1.9 K I, testing 
Automating controls for refrigeration systems 
Bringing a second liquefier on line 
Configuring cryogenics, power supplies, and bus work to serve all test fixtures 
Creation of database and data analysis software for test results database 

Evaluation 

This task is well defined for successfully accomplishing the testing of a large and 
representative sample of superconducting wire and cable produced for the LHC magnets. It lasts 
throughout the entire duration of the cable production period through the end of the U.S.-CERN 
LHC collaboration. The initial R&D work has been successful in developing the facilities and 
test methods for the critical current testing at both 4.2 K and 1.9 K. The facility modifications 
are well underway and should be completed on schedule by the end of FY 1998. Cable 
production testing will begin in FY 1999. 

Technical risk areas have been mitigated by bringing on-line an additional magnet and 
cryostat to support the production test rate, and by adding a back up liquefier. The manpower is 
sufficient to accomplish these tasks. At peak production.rates, three of the six technicians 
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required come from within the responsible test group. The other three are available from the 
larger pool of RHIC technicians. During the later years of production testing, after the regular 
test rate has been increased to a high but relatively routine and steady level, the number of 
supporting engineers for testing and analysis could be reduced. 

A potential risk identified is that if for any reason the LHC cable production begins late 
there may be a time in FY 1999 when the people and test facilities at BNL are available for 
testing but with no samples to test. Another risk is that the production rate during the life of the 
project is lower than anticipated and the testing period would have to be extended beyond the end 
of the agreed period. The agreement is for testing a fixed number of samples. 

As a database of test results accumulates, at some point during this project, an evaluation 
of the number of samples, which actually need to be tested to insure good cable quality, should 
be performed. In this case, it may be possible to reduce the total number of samples to be tested, 
and thus reduce total costs. 

3.3.1.3 

Findings 

cost 

The cost presented for this task is $1 1.8 million including a $1.4 million contingency. 
The costs are based on accurate estimates of previous expenditures for similar equipment, 
consumables, and personnel costs used for cable testing of HERA and RHIC cables. Labor rates 
are consistent and reasonable. The distribution of personnel among different categories are 
reasonable. Contingencies in all categories are low but justified. 

Evaluatioq 

The Committee finds that BNL has done a credible cost analysis with sufficient detail to 
justify the proposed base cost. The rates used are reasonable and the costs for cryogenic and 
power services are very low relative to other institutions. Estimates of labor hours are also 
considered reasonable for the defined tasks. A large portion of the cost credibility arises from 
significant previous experience with performing production cable tests for the HERA and RHIC 
magnets. Due to the strong basis for estimating the cost, the contingencies for all categories are 
relatively low. 
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3.3.1.4 Schedule and Funding 

The schedule calls for completing the testing R&D and facility modifications by end of 
FY 1998. Completion of these milestones is expected. The remainder of the scheduled work is 
the performance of the production testing and this presently depends entirely on the cable 
production delivery schedule provided by CERN. 

Evaluation 

The schedule for testing will be driven by the actual deliveries of cable by CERN. The 
test facilities and manpower profile have been developed so that the maximum production rate 
proposed by CERN in the out years can be tested on schedule. If the delivery rate exceeds the 
proposed maximum, BNL can possibly achieve higher testing rates, perhaps with additional 
shifts. The cost is based on the total number of samples, and this should not change, however, 
the cost per sample could be somewhat higher than budgeted if extensive use of overtime is 
found necessary. Another possible scenario is that the maximum production rate is less than and 
flatter than projected. In this case there should be no problem with performing tests at the 
appropriate rate, but the total testing time could be drawn out beyond the end of the projected 
deliveries in 2004. 

If CERN doesn’t begin delivering cable samples in early FY 1999 as projected, BNL will 
face a ready test facility and personnel with nothing to do. 

3.3.1.5 Management - 
The entire management of this task is at BNL, principally within a single group. Most of 

the equipment and personnel are controlled within the group. 
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Evaluation 

Management of this task should be straightforward with no significant complications 
envisioned. The only potential problems identified would arise if the extra test technicians 
required during years of peak production are not made available from the RHIC project, or if 
there is a conflict between cryogenic system needs for this program and magnet testing for other 
BNL projects. 

3.3.1.6 Recommendations 

1. Define samples that are production samples so that the number of tests completed can 
be accurately counted against the total. 

2. Brookhaven management should insure availability of personnel and cryogenic 
facilities during duration of this task. 

3. Reduce projection of test/analysis engineers from two FTEs to one FTE during the 
last four years of this activity. This would result in a base cost reduction of 
approximately $600 K. 

4. This FTE should be spread over at least two engineerhientists (as already planned) 
to allow for sufficient coverage of this activity while allowing these engineers to also 
contribute to other less routine projects. 

5. At periodic times during production testing evaluate, in agreement with CERN, the 
need to test as many samples as projected, and adjust downward if technically 
justified. 

3.3.2 Superconducting Cable Production Support (WBS 1.3.2) 

3.3.2.1 Summary 

This task supports the production of the LHC cable, primarily by performing cable 
manufacturing R&D early in the cable development program. It is based on U.S. expertise at 
LBNL gained over many years, most recently with SSC cable development and production. 
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Some cable manufacturing and measuring equipment developed and built for the SSC are being 
modified for LHC cable manufacturing and are being provided to CERN. During LHC cable 
production, one scientist will provide consultation on manufacturing by visiting the cable 
manufacturers. 

Activities in the area of cable R&D, under this task, add to the U.S. database in 
understanding what the effect of cable manufacturing parameters is on alternating current losses, 
current distribution, and mechanical integrity. 

Much of the work (-70 percent) has already been completed, and there is little remaining 
technical, cost, or schedule risk. 

3.3.2.2 Technical Scope 

FindingS 

The scope of this task is to provide cable manufacturing R&D, cable measuring 
equipment and cable production support for the LHC superconducting cables: 

R&D on cable manufacturing parameters such as strandcable coatings, amount of 
compaction and evaluation of cable cores 
Five Cable Measuring Machines (CMM) modified or built to LHC cable 
specifications 

One eddy current cable testing machine 
One powered Turks head 

Cable production manufacturing support 

The purpose is to provide CERN with knowledge and expertise in manufacturing high 
quality cables gained from SSC and other cable development programs in the U.S. Four of the 
CMMs to be provided were built for SSC and have been modified to LHC cable specifications. 
The fifth CMM will be built new. The powered Turks head also comes from the SSC program. 
The eddy current cable test machine was partially developed under the SSC/Small Business 
Innovative Research (SBIR) program with recent additional development provided to enhance 
the ability to locate cold welds in LHC cable. Previously owned equipment is being loaned to 
CERN on a long-term basis. 
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Cable R&D adds to the U.S. database in understanding the cable manufacturing 
parameters effect on cable performance such as alternating current losses, current distribution, 
and mechanical integrity. 

This task is well in hand, being approximately 70 percent complete. Four of the five 
CMMs have been modified and delivered to CERN. Lawrence Berkeley personnel will go to 
CERN soon to help set up the machines. The fifth machine has been quoted and the procurement 
will be released after experience is gained operating the others on the LHC cable, to allow for 
any final modifications or adjustments. The powered Turks head is available and will be shipped 
to CERN during FY 1998. Some development work still needs to be done on the eddy current 
cable test machine. 

Most of the cable R&D has been completed with recommendations made to CERN for 
cable compaction, strand surface preparation or coating, and cable core effect. 

Cable production support will be provided as necessary during the remainder of FY 1998 
throughout the LHC cable production over the next several years. It is comprised primarily of 
consultation by trips to cable manufacturers (four in Europe and one in the U.S.). 

Since much of this activity has already been successfully completed, there is little 
technical risk in the remaining activities. 

3.3.2.3 Cost 

The total cost for this task is $1,300 K including contingency, of which about 70 percent 
has been expended. The equipment costs are based on vendor quotations. Cable development 
costs are based on estimates of time required for different spooling and cabling activities, vendor 
quotes, and previous experience with manufacturing cables. Personnel costs are based on labor 
rates at LBNL and estimates of time required to perform the various manufacturing and analysis 
tasks. 
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The projected base costs are considered reasonable for the R&D activities. Moderate to 
high levels of contingency are included because of the R&D nature of some of these tasks. The 
costs for vendor procurements are reasonable. 

3.3.2.4 Schedule and Funding 

Many of the activities have already been completed in N 1997. The remaining work in 
FY 1998 should be completed on time. The only longer-term activity is the cable production 
support that lasts throughout the duration of the cable production. This only requires travel to 
cable vendors at appropriate times. 

Evaluation 

As many of the activities are already completed and the remaining ones are well 
underway, the Committee therefore considers there to be little schedule or funding risk for the 
remainder of work to be completed under this task. 

3.3.2.5 Management 

Findings 

The work is carried out within a single group at LBNL, whose principal interaction is 
with CERN personnel. Procurements and R&D activities have been coordinated and completed 
in a reasonable manner. 

Evaluation 

Project management is considered excellent for this task. 
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3.3.2.6 Recommendation 

1. Evaluate present expenditure status and projections for future expenditures. Since 
remaining technical and schedule risks are low, remaining contingency should be 
available for other uses. 

3.4 Accelerator Physics (WBS 1.4) 

3.4.1 Summary 

Assuming that injection and acceleration phases operate satisfactorily, the quality of the 
IR quadruples and the beam-beam interaction are the determining factors for the ultimate 
performance of the LHC at its design collision energy. Therefore, it is essential that the IR 
quadrupoles be optimally designed and that the interplay between IR quadrupole effects and 
beam-beam interaction effects be well understood. 

3.4.2 Technical Scope 

The major component of the accelerator physics effort is devoted to the critical task of 
determining specifications for the IR quadrupoles and other high-quality magnets, and assuring 
that all magnets and associated hardware delivered to CERN (including the IR quadrupoles to be 
provided by KIEK) will lead to excellent LHC performance. In addition, there are design and 
quality assurance efforts associated with other physical deliverables such as beam absorbers. 
Finally, there is other accelerator physics work, not directly related to deliverable hardware, that 
answers important questions, will improve performance of the LHC, and capitalizes on existing 
BNL, Fermilab, and LBNL expertise. 

. .  i n d l n g s d  Evalu- 

Overall, the proposed work is excellent and the staff is well prepared and qualified. 

However, there are two items for possible concern. There are, at present, no plans to 
incorporate beam-beam effect aspects into the process of defining the field quality of the IR 
quadrupoles. Since the field quality of these quadrupoles is expected to limit the dynamic 
aperture to a rather low value on the order of ten times the rms beam size, it appears likely that 
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there may be a rather strong interplay between the non-linearity of the beam-beam force and the 
nonlinear field errors of the IR quadrupoles. Particles in the amplitude range of several sigma, 
which are subject to strong beam-beam forces, see at the same time noticeable field errors from 
the IR quadrupoles. Therefore the presence of the beam-beam interaction is expected to 
influence the required field quality of the IR quadrupoles. 

At this early stage of the project, some state of the art tools have not yet been employed 
sufficiently in computing the effect of field errors. For example, various procedures exist for 
computing beam element transfer maps from spinning coil measurement data. For this purpose it 
is necessary to have measurements made with a short coil at many points along the magnet, and 
preferably at many radii. Such data are readily available using existing measurement equipment 
and techniques. By calculating transfer maps directly from magnetic data, all fringe-field, end- 
field, and body-field effects are automatically taken into account. 

3.4.3 cost 

The 36 FIE year number attached to the accelerator physics tasks seems sufficient to 
complete the work. In particular, considering the effort to define the field quality for the IR 
quadrupoles and splitting dipoles and their alignment, the time attributed to these tasks appears to 
be quite generous. However, it must be kept in mind that these tasks are critical, and the 
schedule of this activity is tightly coupled to the magnet design schedule and is therefore 
stretched out in time. 

3.4.4 Schedule and Funding 

The accelerator physics effort associated with the magnets is governed by the schedule for 
magnet production. Therefore, should that time scale be altered, the accelerator physics team 
affirmed that the associated accelerator physics efforts would be altered accordingly. The time 
scale for the accelerator physics effort associated with absorbers is governed by key documents to 
be issued by CERN. Finally, the accelerator physics team intends to review its efforts on a 
regular basis to determine if some of its efforts should be redirected to respond to additional, yet 
unknown problems, or to other and possibly additional tasks, which are yet to be identified. In 
view of this uncertainty, the Committee recommends that the contingency associated with the 
accelerator physics tasks be increased to 20 percent while keeping the total cost unchanged. 
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3.4.5 Management 

The management team and management plans are excellent. Several key milestones have 
already been established, and a series of several mini-workshops have already been scheduled to 
assure that the milestone objectives will be met. Of particular note is the need to make decisions 
in September-October 1998 concerning the required field quality in IR quadrupole magnet ends. 
Considerable thought and planning has been given to the difficult task of coordinating the efforts 
of the three U.S. laboratories, CERN, and KEK. 

While the Committee believes that there is every indication that this collaborative effort 
will be successful, there is one item for possible concern. The specification of the field quality of 
the magnets to be produced in the collaboration is part of the deliverables. There are credible 
plans to develop and establish an iterative design procedure that involves both magnet designers 
and accelerator physicists. It will be very important to incorporate the design effort at KEK for 
their IR quadruples into this iterative process in order to assure that the KEK-built magnets are 
consistent with the U.S.-produced magnets as far as tolerances and field quality are concerned. It 
is also important to incorporate any CERN effort on beam stability at collision energy into the 
iteration process in order to allow CERN to adjust its engagement in the process of magnet 
specification without loss of continuity and without loss of the effort made by the U.S. 
collaboration. 

3.4.6 Recommendations 

In connection with the items of concern noted in Sections 3.4.2 and 3.4.5, the Review 
Committee makes the following recommendations: 

1. Explore the possible cross talk between the beam-beam effect and the nonlinear field 
components of the IR quadrupoles. After this exploration, determine whether beam- 
beam effects have to be included in the process of defining the field quality 
requirements, and in the process of defining the shimming and correction system of 
the IR quadrupoles. 

2. Explore the use of procedures for computing exact transfer maps based on measured 
field data at many cross sections along the magnet axis, either adopting them as a 
standard or validating existing methods based on integrated multipole data. The 
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existing predictions and forthcoming field measurement results should be tightly 
integrated into the simulations and optimally used. 

3. Develop a direct link to the KEK magnet designers in order to arrive at an appropriate 
field quality specification for the IR quadrupoles as a whole. Explore any firm CERN 
management impediments to having direct communication between the U.S. and KEK; 
if there are no objections, it is recommended that direct channels of communication be 
established between the U.S. and KEK. List key contacts at KEK, as well as at CERN. 
In addition, CERN accelerator physicists should participate in the design iteration 
process to assure that the U.S. effort is merged efficiently with the CERN effort. 

4. Establish and maintain excellent communication with all parties including, where 
appropriate, various possible voluntary contributors from the outside such as 
universities and scientists at non-participating laboratories. 

5. Wherever possible, include CERN, KEK, and U.S. participants in the determination 
of major milestone objectives and the mini-workshops. 

6. The U.S.-LHC Technical Design Handbook should be on the Web, with links to and 
from the CERN Yellow Book. It should list the authors or persons responsible for 
various sections along with E-mail addresses. It should also list key U.S., CERN, and 
KEK contacts for various tasks. 

7. As much technical information should be put on the Web as possible. This 
information could include magnetic field data and (perhaps with password protection 
if required) LHC lattice data. 

8. Make the Technical Design Handbook more extensive and more uniform. The 
Committee believes the general contents of the Technical Design Handbook are good, 
particularly considering that it is a first draft. In future drafts, provide more detailed 
descriptions, and all key concepts and criteria should be well documented. 

9. Publish any findings that are deemed too specific, or otherwise not suitable for 
inclusion in the Technical Design Handbook, as laboratory reports or in conference 
proceedings and scientific journals as appropriate. Reference any such publications in 
the Technical Design Handbook. 
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10. Capitalize on strengths at other laboratories and institutions. The Review Committee 
recognizes that there is considerable outside expertise on subjects associated with the 
various accelerator physics tasks, and recommends that where appropriate, every 
effort should be made to utilize other institutions. 
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4. COST ESTIMATE 

4.1 Summary 

A very substantial effort was made by the U.S. LHC group to develop this detailed cost 
estimate. A full contingency analysis was done. The U.S. LHC collaboration presented a cost 
estimate of $1 10 million (then year dollars), with an overall contingency of $16.6 million 
(Appendix D). The project has obligated $9.9 million through the first quarter of FY 1998. 

4.2 Methodology 

The U.S. LHC Accelerator work breakdown structure (WBS) was developed to aid in the 
organization of costing and scheduling efforts and to track the U.S. part of the LHC Accelerator 
through design, construction, delivery, and integration into the LHC Accelerator. The following 
is a summary of the current U.S. LHC Accelerator WBS: 

U.S. LHC WBS 

1.1 Interaction Regions 
1.2 RF Straight Section 
1.3 SC Wire and Cable 
1.4 Accelerator Physics 
1.5 Project Management 

Each element in the WBS at the lowest level includes only a single institution. In 
addition, each task may have M&S (material and services), Labor, and General and 
Administrative. 

The cost estimates for each Level 3 task, including the contingency estimates, have been 
developed “from the bottom up” by estimating costs at the finest level of detail feasible with 
respect both to materials and services, purchases, and labor. All estimates have been made in 
FY 1997 dollars. A contingency allowance is made for each item at the lowest level based on a 
standard scale that reflects the degree of understanding or engineering backup concerning the 
item estimated. The contingencies, so estimated, are rolled up to Level 3 and compared with a 
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top-down analysis that evaluates the overall risk of the program, and adjustments may be made as 
necessary. The difference between the total estimated cost (TEC) and the $1 10 million funding 
cap is added to the contingency. 

The Subsystem Managers organized by the WBS prepared cost estimates. All estimates 
are initially made in FY 1997 dollars and include all labor and material required to complete the 
work comprising the U.S. LHC project and specified in the Implementing Arrangement. These 
costs are summed to a single line that will be controlled by the DOE Project Office. Escalation is 
based on January 1997 DOE factors. 

The following internal reviews were conducted that further refined the cost estimate: 

May 1997-“peer” review 
September 1997-Project Manager’s review, with CERN’s consultation, resulting in an 
approximately 15 percent scope reduction made in consultation with CERN and DOE 
October 1997-Fermilab Director’s review, resulting in a re-evaluation of 
contingency on the IR quadrupoles 

Performance management tools are being developed for the U.S. LHC project. The 
project has yet to produce monthly project performance reports. Reporting has started for the 
BNL portion. Full reporting of all of the participating laboratories (BNL, Fermilab, and LBNL) 
is planned for project performance through the June 1998 period. 

4.3 Evaluation 

In general, the cost estimates from the various estimators in the U.S. national laboratories 
involved in this project are very conservative. To varying degrees, all participating labs seem to 
be trying to maintain a “stable” of the necessary people during the entire seven year period of 
performance for this program. The consequence of this is that the project is not efficiently 
producing the devices to be provided to CERN, thus all of these estimates appear conservative. 

This project provides completed components for the overall CERN LHC Accelerator 
project. That project will be integrated technically and scheduled by the CERN LHC 
management. Therefore, the costs and contingency required to install, commission, and integrate 
all of the LHC accelerator systems will not be required on this project. 
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There is an additional $90 million for CERN purchases for LHC from the U.S. industry. 
Under the terms of the Accelerator Protocol, CERN is responsible for all aspects of procurement 
contracts with U.S. industry. The Department reimburses CERN, after CERN has paid the 
vendor and presented an invoice to DOE. CERN accepts that the U.S. reimburse it each year 
only to the extent funds are available, with the balance being paid in a later fiscal year. Regular 
communication with CERN keeps the project abreast of their procurement and payment plans. 

U.S. LHC presented a cost estimate of $1 10 million (then year dollars); this estimate 
included a 20 percent overall contingency. The estimated total contingency of 20 percent appears 
adequate for this project since there are no areas with large technical risk. 

No “make versus buy” analysis was presented concerning component manufacturing. If 
such an analysis is done, there could be potential considerable savings to the project. 

The EDIA at 39 percent appears extremely high for a project of this type (see Table 4-1). 
The project appears to place a high emphasis on the project’s secondary goal, “to present a 
significant opportunity for U.S. national laboratories to maintain or improve their technological 
capabilities.” This contributes to the high EDIA and project management estimate of 49 percent 
of the total base estimate. The high estimated costs for project management maybe justified 
considering the management constraints (see Section 5.2). 

The total estimated funds for travel ($2.8 million) for the project could be reduced by the 
effective use of dedicated videoconference systems at each major site and other communication 
technologies. It appears that international travel could be reduced by as much as 50 percent and 
domestic travel by 25 percent, for a net saving of $1.06 million. 

The Committee did a preliminary review of the cost estimate and suggested some 
changes. The U.S. LHC cost estimate and the Committee’s suggested changes, including 
justification, are shown in Appendix D. Note that the Review Committee did not produce an 
independent cost estimate or validate the U.S. LHC estimate. After considering the Committee’s 
suggested cost estimate changes, the contingency available for the project is about 39 percent. 
With the additional contingency and some success, the project should be able to add additional 
scope in the project. After the project is re-optimized using the suggestions in this report the 
baselined estimate should be revised as part of the change control process. 

41 



Table 4-1. EDIA and PM Estimate 

EDIA and PM % of 
Tota 
m 

EDIA $3 1.970 39% 
PM $8.594m 
Total $40.564 49% 

Component Fabrication 
M&S $3 1.734 
Labor $9.868 
Total $4 1.602 

Total Base 

Contingency 

Escalation 

$82.166 

$ 16.553 

$ 11.270 

39% 
12sri 
51% 

100% 

20% 

11% 

[TEC $109.989 

4.4 Recommendation 

1. U.S. LHC project management should consider the changes in cost estimates 
suggested by the Committee. 
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5. SCHEDULE AND FUNDING 

5.1 Summary 

A very conservative schedule exists and poses no schedule risk. The LHC Project Office 
should develop plans and decision dates for increasing scope as the actual costs accrue and 
contingency may become available. 

5.2 Assumptions 

The funding for the U.S. national laboratory participation in the LHC Accelerator effort is 
$1 10 million that includes $16.6 million of contingency. In addition there is $90 million for U.S. 
industrial goods (“cash”). There is no NSF contribution to the accelerator part of the LHC 
project. 

The program was optimized with the following boundary conditions: 

Capped Budget of $1 10 million 
The split between BWermilab/LBNL must be approximately 40/40/20 percent 
The funding profile was considered a fixed constraint 
Each laboratory must be funded for the entire seven years 
Project management, EDIA, space charges, and travel were required for the full seven 
years 
The schedule was calculated on the latest completion dates 

5.3 Technical Deliverables 

The scope of U.S. deliverables to CERN has been reduced substantially from the program 
as originally envisioned. These reductions have been in response to a reduction in the total 
funding planned (-$128 to $1 10 million) and in an effort to develop conservative baseline and 
contingency estimates. The most recent scope reduction agreed upon with CERN in 
September 1997 resulted in the deletion of the following deliverables: 

Five (four + one spare) single aperture IR dipoles (Dl) 
Eight twin aperture IR dipoles (D2) 
Ten (eight + two spare) rf region quadrupoles 
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These scope reductions have exacerbated an already challenging situation regarding 
interface management and control. In particular, the U.S. is no longer responsible for the entire 
inner quadrupole triplet system with an awkward split of responsibility between the U.S. and 
CERN. The resulting complexities are a major driver in EDIA costs and result in a rather high 
cost per magnet for the remaining scope of work. 

The CERN LHC Project Leader would like to see the scope returned to the previous plan. 
Committee discussions with the LHC Project Manager indicate the following order of priorities 
if it becomes possible to make additions to the current list of U.S. deliverables: D1, D2, then rf 
region quadrupoles. 

5.4 Key Milestones 

The milestones are controlled by CERN as required to support the LHC installation 
schedule. 

Major Milestones: 

October 1999 IR Quadrupole Engineering Design Review 
June 2003 
January 2004 First Absorber Installation 
July 2004 RF Dipole Installation 
January 2005 Last IR Quadrupole Installation (IR2) 

First IR Quadrupole Installation (IR8) 

The detailed list of major milestones and the LHC project schedule are given in 
Appendix E. 

5.5 Evaluation 

None of these tasks are seven-year efforts; in fact significant savings can be achieved by 
compressing each to its optimum cost. 

Due to the fact that CERN has flexibility in the spending profile of the $90 million, there 
are significant funds available to accelerate and also optimize the U.S. tasks. This amounts to 
$26 million (FY 1998, $2 million; FY 1999, $14 million; and FY 2000, $10 million). 
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To accelerate and optimize the U.S. tasks, some specifications and interfaces under the 
control of CERN must be frozen earlier than first expected (e.g., the hardware concerned being 
.designed and built at CERN). Recognizing the advantage of an early start on the tasks currently 
in the US. scope of work, which could result in a release of contingency that would allow 
additional scope to be restored, CERN has agreed to provide the required information on an 

.accelerated basis. 

The LBNL feedboxes and absorber tasks are both extremely low risk items. With the 
exception of the high temperature superconductor (HTS) power leads either project could be 
completed in three years or less from finalization of the interfaces. Therefore, stretching both of 
these to seven years is highly inefficient; the Committee, therefore, found that both of these 
projects should be significantly shortened. One option, which would permit LBNL manpower 
leveling, would be to put these tasks in tandem. This may also be required since the 
requirements for the absorbers in the two detectors (“TAS”) may not be finalized before 2003. 
These requirements are not entirely controlled by the accelerator project but are negotiated with 
the ATLAS and CMS projects. 

5.6 Recommendations 

1. The LHC Project Office should develop plans and decision dates for increasing scope 
as the actual costs accrue and contingency may become available. The deliverables 
and the dates then need to be agreed upon with CERN in order to minimize 
duplication of effort at LHC. 

2. The LHC Project Office should determine if the availability of additional 1998- 2000 
cash flow can be used to optimized the tasks (e.g., completing some tasks at the end 
of 2000 or 2001). 

3. The LHC Project Office should consider putting the LBNL feedboxes and absorber 
tasks in series rather than in parallel, thereby eliminating seven years of project 
management and EDIA on both tasks. 

4. Reevaluate boundary conditions in order to optimize the project. 
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6. MANAGEMENT (WBS 1.5) 

6.1 Summary 

The Committee concluded that the proposed scope of U.S. deliverables to CERN can be 
readily accomplished within the $1 10 million total cost baseline for the project. The current list 
of deliverables should serve as the baseline scope with the expectation that the additional 
deliverables will be included in the baseline as the project moves forward. The Committee 
supports the FY 1998 work plan and scope of deliverables but recommends that the re-evaluation 
of costs and schedules with the goal of producing a plan for increasing the list of U.S. 
deliverables to CERN. This plan should provide precise dates when scope decisions must be 
made. Commitments to additional deliverables should not be made until this plan is approved. 

6.2 Management Organization and Responsibilities 

The U.S. LHC Accelerator project is one of the four components of the U.S. contribution 
to the LHC project at CERN. Its execution is the responsibility of only one funding U.S. 
government agency: DOE. There is a hierarchical sequence of agreements on organizational 
relationships and responsibilities. These agreements are described in a series of signed 
documents: 1) The Accelerator Protocol to the International Co-operation on the Large Hadron 
Collider Activities between the European Organization for Nuclear Research (CERN) and the 
Department of Energy of the United States of America, 2) The Implementing Arrangement to the 
Accelerator Protocol between the European Organization for Nuclear Research (CERN) and the 
United States Department of Energy Concerning Scientific and Technical Co-operation on the 
Large Hadron Collider, and 3) The U.S. LHC Project Execution Plan which includes the 
individual Project Management Plans. 

6.2.1 DOE Management Structure 

The Joint Oversight Group (JOG) is responsible for the overall execution of the U.S. 
LHC Program per the Interagency Memorandum of Understanding (MOU) between DOE and 
NSF. This MOU is in the stage of final negotiation. The JOG is co-chaired by the Director of 
the DOE Division of High Energy Physics (DHEP) and the Director of the NSF Physics 
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Division. While the JOG coordinates the overall activities with the U.S. LHC program, there is 
no real time NSF responsibility for the accelerator portion. Therefore, the oversight 
responsibility for the U.S. LHC Accelerator project is with DOE. 

The organizational relationships within DOE relevant to this project are shown in 
Figure 6-1. The LHC Program Office is established within the DHEP. The DOE-LHC Program 
Manager, yet to be appointed, will have the day-to-day programmatic responsibility consistent 
with the typical practice of the DHEP. 

The DOE Chicago Operations Office (CH) has the contractual responsibility to oversee 
Fermilab. The DOE-LHC Project Manager carries out DOE'S day-to-day responsibilities. The 
CH Fermi Group is the home of the DOE-LHC Project Manager. This Project Manager will 
receive guidance from the DOE-LHC Program Manager. 

6.2.2 Laboratory Management 

The Department has given Fermilab the overall responsibility for the successful execution 
of this project. This responsibility is vested in the Fermilab Director who works on this project 
in consultation with the Directors of the other two laboratories within the collaboration. He has 
chosen to appoint a project Advisory Group to advise him on the management and technical 
progress of the project. This group will be made up from the participating laboratories, including 
CERN, but will not involve people directly working on the project. The management 
relationships among the three collaborating laboratories are shown on Figure 6-2. The Fermilab 
Director and the DHEP Director appoint the U.S. LHC Accelerator Project Manager. The project 
organization itself is shown in Figure 6-3. There is an Inter-Laboratory Steering Committee 
charged with resolving inter-laboratory issues and optimizing the resource management of the 
collaborating laboratories. The U.S. LHC Accelerator Project Manager chairs this Committee. 

Other project management functions are described in the draft Project Management Plan 
per traditional organization style of other DOE-Energy Research projects, including cost and 
schedule control systems. Of particular importance, is the configuration control, considering the 
multiplicity of participants and the geographic distances involved. This configuration control is 
envisioned but not yet fully planned. There will be a Change Control Board (CCB). This Board 
is envisioned to be made up of members of the Inter-Laboratory Steering Committee, members of 
the LHC Project Office, and other appointees as seen fit by the U.S.-LHC Accelerator Project 
Manager. 
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The U.S. LHC Accelerator project will establish performance specifications, which will 
be documented and maintained in the Technical Design Handbook. Technical design reviews are 
planned in the traditional sequence: conceptual, engineering, and readiness for production. 

6.3 Evaluation 

6.3.1 Benefits of the Project 

The completion of this project results in delivering a collection of components and 
intellectual property deliverables. Below is a list such deliverables. 

List of hardware deliverables from the U.S. LHC Accelerator project to CERN: 

Integrated inner triplet systems for four IR regions including 20 high gradient 
quadrupoles (Fermilab) 
Twelve rf region dipole magnets (BNL) 
Eight cryogenic service boxes (LBNL) 
Eight beam radiation absorbers (four each TAS and TAN) (LBNL) 
One lot cable production support equipment on loan (LBNL) 

List of intangible deliverables from the U.S. LHC Accelerator project to CERN: 

One lot accelerator physics services (all Labs) 
One lot cable testing services (BNL) 
One set field quality specification for KEK high gradient quadrupoles 
(FermilabBNL) 

List of benefits from the U.S. LHC Accelerator project to U.S. DOE Laboratories: 

The most important benefits to the U.S. domestic high energy physics program are the 
skills and experience developed by the staff members of the national laboratories in 
areas important for the development of future high energy hadron colliders, which 
will help make the U.S. a credible host for future machines. Other benefits include 
the maintenance and development of facilities related to the development of 
superconducting accelerator magnets. 
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Intellectual Infrastructure: 

0 

0 

0 

Staff experienced in development, construction, and testing of state-of-the-art IR 
quadrupoles and integration of hadron collider final focus systems 
Staff experienced in the development, construction, and testing of twin-aperture 
dipole magnets 
Staff experienced in the development of state-of-the art superconducting cabling 
technology 
Staff experienced in accelerator physics and design calculations for state-of-the-art 
high energy hadron colliders 
Staff experienced with large international collaborations for the construction of large 
scientific projects 

Physical Infrastructure: 

Maintenance of facilities for design, fabrication, and testing of superconducting 
accelerator magnets 
Superfluid helium magnet test systems 
Superconducting wire and cable test facility with superfluid helium capability 

6.3.2 Workforce Estimates 

In reviewing this project it appears that the EDIA is almost equal to the cost of the 
materials and services. This should be placed in proper perspective. 

In the cost estimate, as presented, the value of contributed and surplus materials has 
not been included. Typical of these materials is the superconductor strand that will be 
used to construct the Rutherford cable in the high gradient quadrupoles and the rf 
region dipoles. The value of this cable, as well as other materials, is about $8 million 
or about 19 percent of the materials, services, and touch labor. 

This project has very low volume production runs that always have much higher 
proportions of EDIA. 

There is the added cost of managing a multi-site project with its attendant extra 
coordination and travel. 
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An additional effect is the seven-year time scale stretch out of schedule for the low 
production number of items to be delivered. Many of the tasks do not need the whole 
time period to compete their work assignment. The result of several people 
coordinating progress over the extended time period thus adds to the EDIA. 

All accelerator physics is counted in EDIA. This is not conventional practice in all 
DOE projects, most often the accelerator physics is not a part of the construction 
project. While approximately 75 percent of the accelerator physics is directly 
applicable to the design of components, 25 percent is a service to the overall LHC 
project . 

6.3.3 Boundary Conditions for Project Workflow 

There are several boundary conditions that seem to drive the cost estimate, in many 
instances they add to the estimated base cost. These conditions are: 

40/40/20 percent split of task assigned to BNUFermilabLBNL respectively 
Absolutely capped budget $1 10 million 
Leveling EDIA effort over the full project duration 
Funding profile considered fixed as specified 
Work completion schedule calculated on the latest completion dates 

The LHC Project Office has not been in the position to evaluate the influence of 
considering the full $200 million assigned to the U.S. LHC accelerator activity. Considering that 
CERN has some flexibility in how it assigns the $90 million to be expended in the U.S. industry, 
there is room for adjusting the spending profile for each fiscal year and still staying within the 
$1 10 million cap for the DOE-LHC AcceleTator project. Having the flexibility to adjust the 
spending profile makes it possible to reduce the R&D time and accelerate completing production 
of many of the components. 

6.3.4 Configuration Control 

In this project, even more so than others, the methodology chosen for configuration 
control is crucial. Due to many parties participating in the project and their respective 
geographic displacements, many trips for person-to-person communication are planned. A 
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formal document control using the Internet needs to be developed. CERN has such a system 
essentially in place. The LHC Project Office should work on adapting to the CERN system as 
soon as possible. 

The levels defined at the time of presentation for configuration control were not adequate. 
In real time the Project Manager proposed a modified level of control and the Committee is 
satisfied with it. This is shown in Table 6-4. The top level CCB is not completely defined in the 
draft Project Management Plan. The top level CCB should consist of the LHC Project Office, 
including the system integrator, and Inter-Laboratory Steering Committee. 

There appears to be some question of the applicable safety codes to the U.S. delivered 
hardware, there are three possible choices. While this may not appear important at present, it 
could become a real issue as the designs are fixed. The cost of changing the applicable codes 
after the initial design is a potential significant cost burden. 

The established points-of-contact with CERN need to be recognized as empowered to 
approve the configuration updates and not be used just as points of information exchange. 
Alternatively, another formal flow of authority for configuration control through CERN needs to 
be determined. 

6.3.5 Reporting Requirements 

The initial monthly reports to the LHC Project Office are just starting. The samples 
provided to the Committee are of varied level of detail. A more standard format is planned for 
the future. The Committee feels that the proposed standard for the monthly reports requires too 
much level of detail. The standard reports should be to average level four or finer if the size of 
the work package demands. As the specific situation requires, a more detailed level may be 
included in the report. 

6.4 Recommendations 

1. Re-evaluate all the boundary conditions under which the cost estimate was made with 
the object to save time on some of the project components and therefore save costs. 

2. Should the above re-evaluation result in cost savings, consider adding scope to the 
deliverables from the list of the descoped items as prioritized by CERN. 
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6 

Project Manager and Change Control Board Approval 

Project Manager and Change Control Board Notification 

Laboratory or WBS Level 3 Manager Approval 

Contingency 

JOG 

DOE-Project Manager 

Figure 6-4. Configuration Control Levels 

56 



3. The LHC Project Office should develop a plan and decision dates for increasing scope 
as actual costs accrue and contingency may become available. The deliverables and 
the dates should be agreed upon with CERN in order to minimize duplication of effort 
at LHC. 

4. Run the Collaboration as a project with well defined deliverables. 

5. Improve the definition of the Change Control process through adding levels at the top 
and assigning responsibility to the appropriate management level deliverables. 

6. Add a System Integration position to the LHC Project Office. 

7. Expedite completion of the governing documents for the project execution, 
specifically the Implementing Arrangement to the Accelerator Protocol and the 
Project Management Plan . 

8. Consider using more electronic communication to reduce the coordination costs due 
to travel, especially international. 

9. Adopt a document control system using the Internet. 

10. Adopt a standard for the safety code as soon as possible. 

1 1. Standardize monthly reports to even the level of detail submitted to the LHC Project 
Office. 

12. Appoint the Engineering Manager as soon as possible. 
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DOE F 1325.8 
(08-93) 

United States Government Department of Energy 

m e m ora n d u m 
DATE: September 30, 1997 

SUBJECT: Review of the DOE Laboratory Contribution to the Large Hadron Collider 

Daniel Lehman, Director, Construction Management Support Division, ER-8 1 
TO: 

In 1994 the High Energy Physics Advisory Panel recommended significant U. S. participation 
in the Large Hadron Collider (LHC) project at CERN in order for the U.S. high energy 
physics program to remain at the energy frontier and sustain its excellence. Acting on this 
recommendation, the DOE and the National Science Foundation have negotiated a 
cooperation agreement with CERN for U.S. contributions to both the LHC accelerator and its 
two large detectors. The agreement has been initialed by all parties and is expected to be 
signed soon. 

The DOE has offered to provide, through its national laboratories, goods and services valued 
at $1 10 million for construction of the LHC accelerator. (This will, of course, be subject to 
the availability of funds.) A collaboration of three DOE laboratories has proposed taking 
responsibility for specific components and subsystems of the accelerator that they estimate can 
be provided for $1 10 million. 

Because of the size of the proposed U.S. investment in the LHC project, its importance to 
CERN, its impact on the U.S. high energy physics program, and its relevance to U.S. 
participation in hture international science projects, the DOE will need to be able to 
substantiate to the Congress and to elements of the Administration that its investments in the 
LHC project are reasonable and likely to achieve the desired results within the planned budget 
and schedule. 

Therefore, I am requesting that you conduct a review of the DOE laboratory contribution to 
the LHC accelerator. The review committee should assess the technical feasibility and 
expected performance of the designs proposed by the collaborating U.S. laboratories. The 
committee should carefidly review the cost estimate, understand in detail the basis for the 
estimate, identi@ uncertainties, and judge the overall validity of the estimate. The realism of 
the plans for meeting the required schedule should be carefully evaluated in view of the 
expected funding profile and the resources available at the participating laboratories. The 
manner in which the work will be accomplished, including how it will be managed, should be 
reviewed and assessed. In summary, the committee is to review and assess the technical 
feasibility of achieving the proposed contribution of the DOE laboratory collaboration, the 
credibility of the associated cost and schedule estimates, and the adequacy of the management 
plan to accomplish the scope of work. 
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The review should take place this calendar year and should include visits to all three 
participating laboratories. I endorse your plan to invite senior CERN technical personnel 
responsible for LHC construction. Please provide me with a completed report within two 
months of your review. 

I wish to thank you for agreeing to chair this review, and I look forward to receiving your 
committee's report. 

cc: 
M. Krebs, ER-1 
J. Decker, ER-1 
P. Rosen, ER-20 
M. Johnson, ER-80 
R. Eisenstein, NSF 
C. Llewellyn Smith, CERN 
L. Evans, CERN 
P. Bond, BNL 
J. Peoples, FNAL 
J. Strait, FNAL 
C. Shank, LBNL 

Director 
Division of High Energy Physics 
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DOE Ofnce of Energy Research 
Review Committee of the 

DOE Laborato~ Contribution to the LHC Accelerator 

Fermi National Accelerator Laboratory 
23-26 February 1998 

REVISED AGENDA 

Mondav, Februarv 23.1998 
8:OO am 
9:oo am 
9:lO am 
9:20 am 
9:40 am 

10: 10 am 
1030 am 
1050 am 
11: lO am 
11:30 am 
1150 am 
12: 30 pm 
1:30 pm 
2:30 pm 
250 pm 
3: 10 pm 
3:40 pm 
355 pm 
4:15 pm 
4:30 pm 
4:45 pm 
5:OO pm 

DOE Executive Session-Comitium 
Welcome-Curia II ............................................................................ John Peoples 
Introduction to the Review Process .............................................. Daniel Lehman 
LHC Project Status and US Role ................................................... Lyndon Evans 
Project Overview . TechnicaVCost/Schedulc/Management .............. James Strait 
Fennilab Oversight Role .................................................................. John Peoples 
BREAK 
Management of the Project ................................................................ James Strait 
Cost Estimate and Cost-Schedule Control System ............................ Doug Fisher 
IR System Overview and System Integration (WBS 1.1.5) ............. Tom Peterson 
IR Quadrupoles (WBS 1.1.1) ..................... ;..............................Alexander Zlobin 
LUNCH 
Tour of FNAL magnet facilities 
IR Feed Boxes (WBS 1.1.3) .............................................................. Jon Zbasnik 
IR Absorbers (WBS 1.1.4) ................................................................. Egon Hoyer 
RF Region Dipoles (WBS 1.2.1) ...................................................... Erich Willen 
BREAK 
Superconductor Testing (WBS 1.3.1) .................................................. Ghosh 
Superconductor Cable Production Support (WBS 1.3.2) ................. Ron Scanlan 
Accelerator Physics (WBS 1.4) ......................................................... Steve Peggs 
Summary and Wrap Up ..................................................................... James Strat 
DOE Full committee Executive Session-Comitium 



Februarv 24, 1998 - Tuesdav 

8:30 am Subcommitee PresentationslDiscussions 
12:OOpm LUNCH 

1 :00 pm S u b c o d t e e  PresentationsDiscussions 
4:OO pm DOE Subcommittee Executive Sessions 
5:OO pm DOE Full committee Executive Session-Comitium 

Februarv 25, 1998 - Wednesdav 

8:30 am Subcommitee Working SessionsDiscussionsReport Writing 

Subcommitee Working Sessions /Discussions/Report Writing 
DOE Subcommittee Executive Sessions 
DOE Full Committee Executive Session-Comitium 

12:OOpm LUNCH 
1:OO pm 
3:OO pm 
4:OO pm 

Februarv 26. 1998 - Thursday 

8:OO am S u b c o d t e e  Working Sessions 
11:OO am 
12:30pm LUNCH 
2:OO pm 
3:30 pm 

DOE Full Committee Executive Session/Dry Run-Curia 11 

DOE Summary and Close Out with U.S Accelerator Managment-Curia 11 
Adjourn/Final Draft Reports Submitted Before Departing 
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L 
US-LHC Accelerator Project Cost Estimate (FY 1997 $) Comparison Table 

US LHC Collaboration Est. DOE Suggestions Variance 
Base Cost Contingency Total Base Cost Contingency Total 

WBS System or Item KS KS % KS KS KS % KS KS Ref. 

1.1 Interaction Regions 36,638 10,786 29% 47,424 32,679 10,786 I 33% 43,465 3,959 
I 

US LHC Acc. Total Estimated Cost (AYS) 

Revised Contingency Calculation 

1.1.1 IR Quadrupoles 26,664 7,949 30% 34,613 
I .I .3 IR Cryogenic Feed Boxes 4,924 1,395 28% 6,319 
I .I .4 IR Absorbers 3,532 1,008 29% 4,540 
1 .I .5 IR Layout and Integration I ,518 434 29% 1,953 
1.2 RF straight section 14,424 2,013 14% 16,437 
I .2.1 RF Region Dipoles 14,424 2,013 14% 16,437 
1.3 SC wire and cable 11.817 1.384 12% 13.201 

109,989 109,989 

27,827 39% 

1.5.2 BNL-LHC Accelerator Project 7,043 774 11% 7,817 
1.5.3 FNAL-LHC Accelerator Project 2,271 340 15% 2,61 I 
1.5.4 LBNL-LHC Accelerator Project 1,986 326 16% 2,312 

US LHC Acc. Total Estimated Cost (1 997$) 82,l 66 16,553 20% 98,719 

Escalation 11,270 
Additional Contingency 

10,260 1,905 19% 
3,194 465 15% 
5,030 774 15% 
1,622 340 21 % 
1,475 

16% 

11,301 600 3A 

4,779 479 4A 
1,300 

2,280 

1,668 

12,165 1,062 SA 
3,659 

5,805 2,012 5B 
1,962 649 58 
1,801 51 I 5 8  

87,445 11,274 
11,270 
11,274 

3/17/9811:58AM 
2-98rev8.xls Page I of I 



variance 

Summary Explanation of Committee Changes 

Reference 

1A 

1B 

1c 
~ 

I 4A 

I 5A 

I 5B 

Variance 
($K) 

WBS Subsystem 

1.1.1 IR Quadrupoles 874 

1.1.3 IR Cryogenic Feed 624 

1.1.4 IR Absorbers 2461 
Boxes 

1.2.1 RF Region Dipoles 2002 

1.3.1.3 SC wire and cable - 600 
EDIA 

1.4 Accelerator Physics 479 
I 

1.5 I Project Management - I 1062 

11274 

Comment 

Resources allocations fitted to 4 year program. 

Engineering Estimate / Vendor Quotes. 

Engineering Estimate / Vendor Quotes. 

Resources allocations fitted to 4 year program. 

Reduce to 1 Engineering FTE last 4 years for 
testing. 
Lower base by 10% increase the contingency 
accordingly. 
Reduce Foreign Travel by 50% and Domestic by 
25%. 
Reduction in PM office due to shortened project 

2-98rev8.x Is 
311 7/98 
11:47 AM Page 1 of 1 
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Department of Energy 
US-LHC Accelerator 

Proposed Funding Profile 
(Then-year $M) 
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GLOSSARY 

ATLAS 

BNL 

BPM 

CCB 

CERN 

CH 

CMM 

CMS 

D1 

D2 

DHEP 

DOE 

EDIA 

Fermilab 

FOB 

FTD 

FTE 

HTS 

4 
IP 

IR 

JOG 

LBNL 

LHC 

M&S 

MOU 

A Toriodal LHC Apparatus (one of the two large general purpose LHC detectors) 

Brookhaven National Laboratory 

beam position monitors 

Change Control Board 

European Laboratory for Particle Physics 

Chicago Operations Office 

cable measuring machines 

Compact Muon Solenoid Detector 

(one of the two large general purpose LHC detectors) 

single aperture IR dipoles 

twin aperture IR dipoles 

Division of High Energy Physics 

U.S. Department of Energy 

engineering, design, inspection, and adminis.:ation 

Fermi National Accelerator Laboratory 

free on board 

full time designer 

full time equivalent 

high temperature superconductor 

critical current 

interaction points 

interaction regions 

Joint Oversight Group 

Lawrence Berkeley National Laboratory 

Large Hadron Collider 

material and services 

Memorandum of Understanding 
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NIST 

NSF 

rf 
RHIC 

SBIR 

SLAC 

ssc 
TAN 

TAS 

TEC 

TeV 

WBS 

National Institute of Standards and Technology 

National Science Foundation 

radio frequency 

Relativistic Heavy Ion Collider 

Small Business Innovative Research 

Stanford Linear Accelerator Center 

Superconducting Super Collider 

neutron beam absorbers 

front quadrupole absorbers 

total estimated cost 

tera electron volts 

work breakdown structure 
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ACTION ITEMS 

Action 

1. Approve Project Baseline 

2. Prepare Revised Plan 

Resulting from the February 23-26,1998 
Department of Energy Review of the 

U.S. LHC Accelerator Project 

. . .  PesDonsi brlity 

DHEP/DOE 

- Optimize Costs and Schedule 
- Identifj, Potential Scope Additions U.S. LHC Accelerator ProjecVCERN 

U.S. LHC Accelerator Project 

3. Conduct the Next Review 

., , d Strait, Project Manager 
' U.S. LHC Accelerator Project 

B. Strauss, D o h  P G a m  Manager 

D0EW.S. LHC Accelerator Project 

Due Date 

March 1998 

August 1998 
August 1998 

September 1998 

r)ep(Projex Manager VDivision of High Energy Physics 

Review Chairman Fermi Group 
Chicago Operations Office 

I 

U.S. LHC Accelerator Project 
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