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Director’s Review of US CMS Detector Project

Plans for Installation and Commissioning

and

Maintenance and Operations

April 11-12, 2001

Review Committee Report

Executive Summary

A Review of the planning and cost estimate for the Compact Muon Solenoid (CMS) installation and commissioning (I&C) and maintenance and operating (M&O) activities was held at Fermilab April 11-12, 2001. The committee charge, list of members the agenda for the review is attached. 

The committee commends the US CMS collaboration for substantial progress in planning the transition from detector construction to operations. The resources required for installation and commissioning the US CMS sub-systems are a part of the CMS detector construction project. These estimates were not presented in detail at this review and therefore the committee cannot comment on them.  The committee was informed that the Installation and Commissioning costs were in the process of being revised to reflect improved technical knowledge and a new LHC installation and start up schedule. The collaboration presented estimates of the required financial and labor resources for detector pre-operations and for M&O of the CMS detector. Estimates were presented for both “common” M&O resources and for the M&O resources required to support the sub-systems built by US CMS.  Resource estimates for detector upgrades were also provided. Planning assumes both DOE and NSF will provide M&O funding. Both agencies are assumed to contribute significant M&O resources through both the US HEP base program and through funds allocated to and managed by Fermilab, the US host laboratory for US CMS.

The committee encourages the collaboration to complete its re-estimate of required I&C resources and to improve the estimates for M&0. In particular, the boundary between commissioning and operations should be clearly defined for each sub-system and to the extent possible the subsystems estimates should be done more consistently. The committee notes that there is considerable uncertainty in the estimated M&O costs. These uncertainties will become smaller as some commissioning and operational experience is gained with the US CMS sub-systems. We note that several sub-systems assume substantial M&O cost savings when compared to a simple extrapolation of the M&O costs from similar sub-systems in previous experiments. As a result, the M&O estimates should be revisited periodically as the detector nears its operational phase to verify that the assumptions are correct. The committee notes that there is considerable uncertainty in the required funds for “common” items because of the uncertainty in which “common” expenses CERN will provide in its role as the host laboratory for CMS.  It is appropriate that some amount of management reserve be provided for M&O. A mechanism for establishing the amount and for providing oversight in the allocation of this management reserve should be developed. 

The M&O estimates currently contain R&D for detector upgrades as well as estimates for the upgrades themselves. The collaboration also hopes to use remaining project contingency for detector scope restoration.   Upgrade and scope restoration estimates should be separated from the M&O estimates. A review mechanism external to CMS should be established to weigh the physics benefits of such upgrades and/or scope changes in light of the estimated cost and HEP priorities.

During the construction of the experiment US CMS receives resources from the US CMS detector construction project, the base HEP program, and a separate computing and software project.  In the operational phase of the experiment these activities become less separable. The same personnel may often work on M&O for the detector, computing and software, and/or physics research.  To insure the optimal balance of resources it may be more efficient that these activities to be managed by a single management structure in the M&O phase of the program.

Installation and Commissioning Overview

1) Planning for the installation and commissioning of the US CMS components of CMS.  Review the costs for these activities including additional costs incurred by performing these functions abroad; such as travel, per diem, etc.

Findings:

The US CMS presentation to the review committee focused on plans for Maintenance and Operations.  Presentation of information on installation and commissioning was spare and incomplete.  This was largely because the US CMS collaboration is in the process of revising the plans for installation and commissioning in light of the one year delay in the availability of the detector hall for installation.  A first pass at the cost of the delay suggests an incremental cost of $1.5M.  Without more detailed information we cannot respond adequately to this part of the charge.  The information presented, however, allows us to make some cautionary recommendations.

Recommendations:

1) The committee recommendations that US CMS make the necessary schedule adjustments and understand the cost impact on installation and commissioning as early as possible.  This rebaseline exercise should occur before more scope recovery activities are undertaken.  The cost impact will be a necessary ingredient in planning the conclusion of construction and transition to operations. 

2) The transition from installation and commissioning to maintenance and operations should be defined as cleanly as possible.  For example a definition might be that when the particular detector component is installed and working in the cavern, the M&O begins. Costs for maintenance of the equipment at CERN as a result of delays in installation could, however, be considered as M&O expenses.  The transition to operations should be structured consistently across all of the subsystems.

Maintenance & Operations Overview

2)
Planning for the maintenance and operations of the US CMS portions of the detector and activities to be supported by US physicists and funding agencies. Review of the costs for these activities should include additional costs incurred by performing these functions abroad; such as travel, per diem, etc. The M&O costs are to be the incremental costs related to the maintenance and operations of the detector. For a complete understanding of the US CMS M&O concept one will need to understand what assumptions are being made with regard to ongoing funding from the High Energy Physics base program at the participating Institutions. Then establishing the boundaries between the base program and the M&O activities will be possible.

Findings:

We received documentation and heard a series of talks on the M&O estimate for the following CMS subsystems:  HCAL, ECAL, Muon Chambers, Common Systems, Trig / DAQ, Silicon Tracker, and Pixels.  Each subsystem M&O estimate will be addressed separately below, but first we have some general observations. 

Comments:

In his opening talk, Dan Green noted that the upcoming Lehman review has asked for information on the “handoff” of Installation & Commissioning to M&O.  In general Dan defined work in the surface building SX5 as “on project, installation” and work below ground in building UX5 as clearly “M&O once its fully assembled”, with a less well defined period of “commissioning” in between.  In practice this definition was not consistently used in preparing the estimate different; subsystems use different definitions.

Some of the subsystems include R&D for future upgrades in their M&O estimates and some do not.  Some also include the cost of actual upgrades.  Some assume that M&O costs for post-docs, engineers, and technicians are part of the base program.  Others assume these same costs are part of this M&O estimate.

There are large uncertainties in the M&O estimates in all cases.  Some are based closely on experience operating in Europe, but most are not.  Most of the subsystems are objects at a new scale of channel count and the collaboration assumes that current experience does not scale (e.g. 3.5 M silicon channels vs. 0.7 M in CDF or DZero Run II vs. 0.045 M in CDF Run I).  There are risks with such an assumption.  Generally our view is that the estimates are good to about a factor of two.

Examples of unanticipated M&O expenses can be found at CDF and DZero for Collider Run II.  DZero has a SIFT ASIC that works at 396 nsec but not at 132 nsec and this must be replaced.  CDF has 300 new TDCs with via problems and these must be replaced to obtain the necessary reliability.  Both replacements are examples of M&O expenses and both are at the $ 500 K level. Without additional funding from Fermilab, they would be in trouble.  No CMS subproject has anticipated the possibility of encountering problems with the performance of their devices.  Should such problems occur the M&O costs would increase.    Dan Green argues that this indicates the need for a management reserve in M&O.    It is unlikely that CERN will be a backstop for the CMS detector.  

Manpower estimates are also quite uncertain.  US CMS has made a reality check against CDF Run II plans, but had the same comparison been made with DZero at this moment, it would be off a factor of two.   A low reliability may also require more manpower.   In the long run both CDF and DZero may need  even less manpower than the current CDF plan used for the US CMS reality check.  At Fermilab the reserve for the M&O phase is managed at a higher level than the detector projects so that there is a tension to keep this support at the minimum required level.  The CDF operations MOU will call for quarterly review of operations manpower by the Particle Physics Division.  

If the CMS M&O estimates are low, it is not clear that the requested management reserve would suffice.  If the estimates were high, to what purpose would the available funds be directed?  

The committee questions whether the M&O phase can sensibly be managed like a construction project with a fixed multi-year estimate with contingency.  Instead it is likely that such an estimate will be useful only as a planning device.  Ultimately the M&O costs will require continued reevaluation and review in order to neither over nor under fund the needs.  

Recommendations:

While the estimates presented to the committee are excellent as a first pass at the M&O costs, they need to be sharpened constantly as US CMS gains experience.   

The US CMS project should develop a consistent definition of M&O as distinct from I&C and apply it uniformly across the project.  

Action Items:

Future upgrades are not maintenance and operating activities.  Remove the R&D for future upgrades and the cost of upgrades themselves from the M&O estimate and treat them as separate activities.  Upgrade R&D and construction estimates are valuable to provide a long range forecast on possible funding requirements.  There should be another mechanism to set priorities for the proposed upgrades in the national HEP program before proceeding.  

HCAL M&0

Findings:

Jim Freeman presented the overview of this system.  M&0 for HCAL starts with a very preliminary vertical slice test in SX5 and includes a Burn-In period starting in 3/03 and continuing through 10/04.  They move into UX5 in 11 / 04 and then the cabling task (on project) begins.

The M&O plan has 34 separate lines and calls for 2.5 FTE engineers, 3.1 technicians, and 8 Post-docs (cost of post-docs involves only the incremental  costs of maintaining people at CERN).  Additional M&S items include replacement of 50% of PMTs, replacement of 1/3 of HE scintillator, workstations, stockroom, computer system maintenance, travel, and office supplies.  No R&D for future upgrades or actual costs of future upgrades are included.

The total M&O estimate is for $ 381 K in 2003 and $ 600 – 800 K per year in subsequent years.  The estimates have large uncertainties.

Comments:   

This is an example where the split from Installation (& Commissioning) to M&O is not clear due to the delayed beneficial occupancy in UX5.  The “Burn-In” period at CERN was originally on project and is now on the M&O.  The Level 2 manager indicates that the burn-in on project is now an electronics burn-in at Fermilab with an estimate of $266 K.  

There is a reasonable level of detail in the cost estimate and the Level 2 manager has tried to include everything, including transportation at CERN.  The error in the estimate is large, and is probably even larger than indicated by the $600 – 800 K range.  Because the US is system leader for all of HCAL in CMS the committee is concerned about risk to the cost of type B M&O costs that arise should other HCAL collaborators be unable to provide funds for this.  

Recommendations:

The US CMS project should develop a consistent definition of M&O as distinct from I&C and apply it uniformly across the project.  

Refine this M&O cost estimate after the first half of the burn-in period, about the time of the magnet test in 1/2004 when CMS will have initial experience as a guide.

ECAL M&0

Findings:

We did not hear a talk on this L2 project but were provided with an M&O cost estimate.  Roger Rusak connected by video for a few minutes to answer some basic questions about the documentation.  The M&O effort starts in FY05 at $ 140 K and reaches a steady state level of $ 293 K per year.  Techs and engineers are used only in major shutdowns.

There are no pre-ops or R&D in this estimate.


Comments:   

This detector is inaccessible so the manpower is applied only in shutdown periods.  There is a laser calibration light source that takes 0.5 FTE to maintain.

Recommendations:

None

Action Items:

None

EMU M&O

Findings:
The cost estimate rises from $590K in FY03 to $980K in FY06-08.  This includes technical support, travel and repair of electronics and chambers

Comments:
Salaries for engineers and technicians represent more than two thirds of the total cost estimate.  Their salaries are estimated significantly higher than the other sub-projects.  The cost estimates do not include gas, test stands, computers, software, etc.  The manpower estimate appears to be high and the M&S cost low.

Recommendations:

The cost estimate should be revised to be consistent with the other sub-projects.  

Common Operation M&O

Findings:
It is by far the largest M&O cost item: rising from $1.2M in FY03 to $6.6M in FY06-08.  Besides CMS common funds this includes Upgrades, Management Reserves and a virtual control room.

Comments:
The bulk of the Common Operations estimate is for Upgrades and for Management Reserves.  That portion of the estimate that is actually for M&O seems low compared to ATLAS and does not fully overlap with the items on Heinrich’s list.

Recommendations:

Take Upgrades and Management Reserves out of the Common Operations.  

Reevaluate the need for Management Reserves.  The reserve or contingency should be estimated bottoms-up by considering separately the risks for each sub-project.

Re-evaluate CMS common M&O costs, and account for all common costs not covered by CERN.  

Review within the US CMS collaboration physicist support for a virtual control room.

Trigger M&O

Findings:

Wesley Smith from the University of Wisconsin presented a cost scheme for the trigger based on previous experience with the ZEUS trigger from 1992-2000.  It is foreseen that M&O will begin in October 2005, immediately after integration with DAQ is completed.

Day-to-day trigger operations will include writing and maintaining test programs and data validation and will require 24x7 on-site support.  In addition, problem diagnosis/repair will require technical support from an engineer and technician, who will make trips to CERN a few times a year.

The trigger will need to evolve as necessitated by LHC operating conditions.  This will be the responsibility of a team of graduate students and other physicists.  All personnel costs including the technician and engineer will come from the base program.

Comments:

Using ZEUS as a model for the cost estimate (80 K$ per annum) seems reasonable as the two projects have similar scales.  Trigger upgrade estimates to accommodate luminosities beyond 1034 were also presented but we feel these should be kept separate from M&O as mentioned elsewhere in the committee report.

Recommendations:

None.

DAQ M&O

Findings:

No presentation was given.  However a cost estimate was listed at 20 K$ for FY03 ramping up to 355 K$/yr for FY06-08.  200 K$ is allocated for operations at CERN, with the rest going toward shutdown maintenance and materials and services during steady-state operation.

Comments:

We are unable to judge the validity of this estimate based on the limited documentation.

Recommendations:

We recommend a cost estimate based on personnel requirements and component repair/replacement expectations, scaling from previous experience.

Silicon Tracker M&O

Findings:

Joe Incandela from UC-Santa Barbara presented the cost estimates.  It was initially foreseen that the US would be responsible only for R&D and fabrication, but recently the scope of US involvement has increased to include M&O as well.  Therefore the estimate provided at this review is somewhat preliminary.  Incandela feels that the relative simplicity of the system does not imply that the resources required will scale with the number of channels as compared to CDF/D0.  During the M&O period he foresees 5 to 7 CERN-resident physicists, one engineer, and one technician.  M&O costs are expected to be 765 K$ for FY06-08, assuming base-program-support for postdoc salaries (but not dislocation expenses).

Comments:

The committee feels that the expected personnel requirements are likely under estimated, based on the number of people involved with silicon at CDF and D0.  It will very likely have to be adjusted upward as more experience is gained.

Recommendations:

We recommend the estimates be re-evaluated in light of the CDF/D0 silicon projects.

Forward Pixels M&O

Findings:
No presentation was given, but a detailed breakdown of personnel costs was provided in the WBS Dictionary.  M&O will require a technician, two postdocs and two grad students resident at CERN, with salaries coming from the base support program and incremental costs from M&O.  Some number of visits by engineers will be needed and these differential costs are included in the estimate.

Comments:

We find it hard to assess the validity of the estimate.

Recommendations:

A model for comparison would be useful.

M&O Costs (CERN-LHC)

3)
Understand the CERN LHC (Large Hadron Collider) experimental operating paradigm with regard to M&O costs (and any other costs) expected to be born by the detector collaborations. Assess US CMS plans and estimates aimed at providing for these costs
Findings:

The CERN LHC experimental operating paradigm with regard to M&O costs has not yet been negotiated between CERN and the ATLAS and CMS collaborations and funding agencies.  It is anticipated that the paradigm for LHC will be different than that for LEP.  It is expected that the detector collaborations will be asked to bear more of the M&O costs for LHC than was done for LEP.

A maintenance and operations task force (MOTF) has been established by the CMS collaboration to develop a proposal to CERN management for such a paradigm.  A first draft proposal addressing Category A and Category C costs(see the next paragraph for definitions of these cost categories) has been provided to CERN management.  The initial CERN management response to the first draft of the MOTF would have the collaboration paying larger M&O costs than the collaboration proposed.  A Research Phase MOU between the detector collaborations and CERN will be negotiated between now and the Resource Review Board meeting this fall.

The CMS M&O costs are divided into three categories by the MOTF:  Category A, concerns equipment built using Common Funds e.g. magnets, or services and operations common to the whole experiment e.g. software licenses; Category B, concerns maintenance of equipment built by a sub-set of the collaboration, mainly sub detectors; and Category C, concerns items for which the host laboratory, CERN, would naturally assume responsibility e.g. access and some safety issues.  Category A costs are prorated among the collaborating countries or institutions according to the number of collaborators.  Category B costs are expected to be covered by the institutions who were responsible for construction of the particular sub detector.

Comments:

The paradigm and estimate provided by US CMS provides significant annual M&O costs during CMS operations (more than $4M per year). 

Furthermore, CERN management seems to be pushing for even larger contributions during the M&O phase.

Recommendation:

US CMS management, Fermilab management and DOE and NSF should examine carefully the implications of entering into the arrangement.

Schedule and Funding Profile

4)
Review and assess the match of the planned funding profile to the activity schedule. 

Findings

The US CMS group has made a good, though not yet complete, plan for M&O activities, a transition to those activities beginning in FY 03 and an associated funding profile.  The funding profile they propose, however, may be impractical as Jim Yeck, USLHC DOE Project Manager, points out because the agencies will not be able to match the sum of construction project + M&O + software in FY03, 04 and 05.  When the upgrades and R&D for upgrades are called out separately it will clarify the problem in the early years of M&O e.g. the upgrade work may be postponed in favor of M&O.

US CMS Funding Agency Arrangements

5)
Understand possible US funding agency arrangements for the M&O phase of CMS.  Comment on these arrangements as appropriate.

Findings:

US CMS proposes to include incremental travel costs for physicists, engineers and technicians working on Maintenance and Operations.  They propose that salaries be included in the direct grants from the agencies to the institutions, but that Fermilab would have a more direct role in the incremental travel costs.

US CMS proposes that the Management Reserve be part of WBS 8 – Common Operations.  They propose that changes in the baseline be under change control with a threshold of $100K requiring approval of the US CMS Operations Manager and a threshold of $1M requiring FNAL Directorate signature.

US CMS proposes to include any upgrade R&D within the subsystems operations WBS but the actual upgrades under the WBS 8 – Common Operations.  There was no discussion about the method of including specific upgrades into the baseline.

From the discussion the US CMS M&O activities report to Ken Stanfield who chairs the Project Management group while the US CMS Software and Computing activities reports to Michael Shaevitz who is deputy chair of the PMG.  

The Operations Management Plan speaks about measuring performance – the traditional Schedule Variance.

Comments:

Some physicists will work part time on M&O while spending other portions of their time on computing and physics research.  While there is good reason to directly have some leverage to insure that the operations work gets done, the Committee believes that it is unwise to change the mode of funding for scientists.  However, the need for detailed MOUs which give the specifics of every named individual remains and will be a vehicle for communicating with the institutions and funding agencies.

The Management Reserve could be handled analogously with contingency in the Detector Project.  Therefore it should have its own level 2 WBS line so that it is clearly visible.  The Committee believes that the thresholds are too high for change control in the M&O phase.  We note that for the Detector Project every change is now discussed and documented with the PMG.

Any upgrades need a formal peer reviewed procedure so that they can compete with other aspects of the U.S. program at that time.  The Committee also believes that the Upgrades should not be a part of the M&O but should stand alone as a separate part of the research phase of CMS.  .

There was no example of how the schedule had enough information to justify performance measures as is common in construction projects since most of the work is level of effort even if it increases or decreases with time.

Recommendations:

5-1:
Consider allowing funding any travel expenses in the yearly SOWs for scientists to be included in direct grants from funding agencies to institutions.

5-2:
Designate the Management Reserve as a separate WBS and consider lowering the thresholds for changes dramatically.  

5-3:
Create an external process for any upgrade project.  Include Upgrades as a portion of the research phase of CMS separate and distinct from the M&O costs.

5-4:
Construct a way where during the operations phase, there can be funding communication below the Fermilab Directorate on the funding needs of M&O.  Upgrades and Software and Computing since the agencies will likely have a single funding number for the sum of all activities.

5-5:
Consider dropping the performance measures in the reporting.  Consider quarterly reports instead of monthly.

6)
Review the planned organizational structure for CMS and US CMS during the M&O phase.  This includes the relation of US CMS to international CMS and the relationship of international CMS to CERN.  Comment on the planned organization(s) as appropriate.

Findings:

We were told that CMS has not planned for any changes in the organizational structure for the M&O phase.  Now US CMS has a significant role in the CMS management structure and we expect this will continue.

Appendices

Appendix A

Director’s Review of the US CMS Detector

Installation & Commissioning and
Maintenance & Operations

April 11-12, 2001 - WH7N Crossover – Racetrack

Committee Charge

Perform a review of the planning and cost estimating for the (Compact Muon Solenoid) installation & commissioning (I&C) and maintenance and operating (M&O) activities. The principle object of the review is to understand the planned I&C and M&O scenarios for CMS and to assess the appropriateness of the cost estimates for these activities.

Specific questions to be considered and commented upon by the committee include the following

1) Planning for the installation and commissioning of the US CMS components of CMS. Review of the costs for these activities should include additional costs incurred by performing these functions abroad; such as travel, per diem, etc

2) Planning for the maintenance and operations of the US CMS portions of the detector and activities to be supported by US physicists and funding agencies. Review of the costs for these activities should include additional costs incurred by performing these functions abroad such as travel, per diem, etc. The M&O costs are to be the incremental costs related to the maintenance and operations of the detector. For a complete understanding of the US CMS M&O concept one will need to understand what assumptions are being made with regard to ongoing funding from the High Energy Physics base program at the participating Institutions. Then establishing the boundaries between the base program and the M&O activities will be possible.

3) Understand the CERN LHC (Large Hadron Collider) experimental operating paradigm with regard to M&O costs (and any other costs) expected to be born by the detector collaborations. Assess US CMS plans and estimates aimed at providing for these costs
4) Review and assess the match of the planned funding profile to the activity schedule
5) Understand possible US funding agency arrangements for the M&O phase of CMS. Comment on these arrangements as appropriate

6) Review the planned organizational structure for CMS and US CMS during the M&O phase. This includes the relation of US CMS to international CMS and the relation of the international CMS to CERN. Comment on the planned organization(s) as appropriate
Examine the cost estimates for items 1 - 3 above for completeness and appropriateness; is there enough detail? Are they credible? Comment on the idea of contingency for an M&O activity (note this situation may be different than that of a large detector operation embedded in a US laboratory).
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Director’s Review of the

US CMS Detector Installation & Commissioning and
Maintenance & Operations

April 11-12, 2001

WH7N Crossover – Racetrack
Agenda

Wednesday, April 11, 2001

8:30 – 9:00
Welcome/Executive Session
K. Stanfield/E. Temple

9:00 – 9:30
US CMS Detector Project Overview
D. Green

9:30 – 10:00
CERN and the CMS MOTF (Maintenance



& Operation Task Force) – (Video)
H. Foeth

10:00 – 10:20
Break


10:20 – 10:50
US CMS Operations Management Plan
M. Reichanadter

10:50 – 11:15
US CMS WBS Template + WBS9
J. Hanlon

11:15 – 12:00
US CMS Common Ops (CAT A) WBS 8
D. Green

12:00 – 1:00
Lunch

1:00 – 2:30
US CMS Level 2 Operations
Level 2 Managers (1-7)

2:30 – 3:00
Break

3:00 – 4:00
Discussion/Questions

4:00 – 5:00
Executive Session

Thursday, April 12, 2001

8:30 – 10:30
Committee Report Preparation

10:30 – 11:00
Executive Session/Closeout Dry Run

11:00 – 12:00
Closeout with Directorate

12:00
Adjourn
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