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Project Overview and Assessment 

 
Highlights: 
 

• Work continues on developing bottoms-up resource loaded schedules for each 
LCLS System.  This task is overdue and remains the highest LCLS priority.  
Draft resource-loaded schedules are now planned for the end of November. 

• Technical design reviews (TDR’s) for each LCLS System have been scheduled 
for each LCLS System as a means to carry out an in-depth examination and 
assessment of the technical design of each LCLS System.  The TDR’s will assist 
in validating the scope of work for each system as the LCLS project prepares for 
a baseline review in April 2004.  

• The LCLS Project continues to re-locate its staff to SLAC’s B280 as the core 
location for LCLS personnel during construction of LCLS.  An additional 8-10 
offices will be available for LCLS personnel starting in January 2004, with 
another 10-12 offices opened up to LCLS in or around June 2004. 

• A site visit and job-walk for four architectural & engineering firms was held on 
October 22 at SLAC to view the future site of the LCLS.  The four firms are MW 
Zander, Jacobs Engineering, Parsons and DMJM Technology.  Firm fixed-price 
bids for the proposed LCLS Title I, II and III work scope from all four firms are 
due on November 5, 2003. 

     
Assessment and Issues: 
 

• October cost and schedule performance indices are 0.84 and 0.86, respectively.  
There has been some improvement in the variances indicating better performance 
with respect to our baseline plan.  The 0.84 schedule performance index is 
primarily driven by the delay in developing the LCLS WBS and resource-loaded 
schedule. 

• Staffing at ANL assigned to the LCLS project has been less than requested and is 
adversely impacting on the LCLS Undulator System.  Without the necessary key 
personnel, the WBS and resource-loaded schedule are showing serious delays.  
Additionally, the Undulator System-wide TDR, scheduled for November has 
been rescheduled until January due to inadequate resources to prepare for the 
TDR.  Discussions with the APS management have begun and plans are being 
made as to how to meet the needs of the LCLS project. 

• Funding at LLNL for the LCLS X-Ray Transport and Diagnostics System will 
begin to impact the LCLS project starting in November.  A draft addendum is 
being prepared for transferring funds from SLAC to LLNL, however, the 
Continuing Resolution (CR) requires LCLS to commit only 1/12 of its FY03 
funds ($6.0M PED), which will have an adverse effect on the LCLS group at 
LLNL if the CCR is extended beyond December. 



 

 4

 Linac Coherent Light Source Stanford Synchrotron Radiation Laboratory 
Stanford Linear Accelerator Center 

 
Technical & Programmatic Progress 

 
 

WBS 1.1, 2.1 Project Planning, Management and Administration 
 
Highlights: 
 

• The resource-loaded schedule for WBS 1.1 is 90% complete with WBS 
Dictionary, resources and contingency estimates.  Bottoms-up costs are in line 
with the top-down costs shown at the CD-2a review. 

• The LCLS L2 System, Installation and Alignment, WBS 1.7 and 2.7 has been 
deleted and all tasks and resources have been included into each of the LCLS 
technical systems (Injector, Linac, Undulator, etc.).    Capturing installation and 
alignment tasks into each of the technical systems allows an integrated work 
scope and WBS for each LCLS System that includes all tasks from design to 
procurement and/or fabrication to assembly and installation and commissioning.  
This is similar to the approach taken to including all LCLS controls effort into 
each of the LCLS technical systems. 

• The LCLS Project Management Plan is currently being drafted and a copy for 
distribution to DOE and Lab management is scheduled for early December.  

 
Assessment and Issues: 
 

• Integrated resource-loaded cost estimates and schedules for each LCLS system 
continue to be the highest priority for the LCLS project.  The LCLS Project 
Office is working with each L2 system to ensure a common approach to the 
WBS methodology and to provide additional resources and/or expertise where 
necessary.  The LCLS Project Office will base its FY04 work plan and the 
Technical Addenda to the LCLS groups at ANL and LLNL on the resource-
loaded schedules of each LCLS system when complete. 
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WBS 1.2, 2.2 Injector System 
 
Highlights: 
 

• Preparations are complete for the November 3, 2003 Injector Technical Review. 
• The physics design for the gun and straight ahead spectrometer has been 

completed and included in the engineering layout.  The gun spectrometer design 
required careful consideration of components in the gun-to-linac region to allow 
for two modes of operation for both high resolution and large energy acceptance 
measurements.  The gun spectrometer resolution is 3 keV.  The straight ahead 
spectrometer was designed to have an energy resolution small enough to resolve 
the uncorrelated energy spread deliberately introduced by the laser heater, and 
can also be used with the transverse rf cavity to measure both the longitudinal 
and slice emittance. 

• Simulation studies have begun using longer bunches (15 to 17 ps instead of 10 
ps) from the gun.  The longer bunches reduce the space charge forces and allow a 
smaller laser beam on the cathode.  The smaller beam reduces the thermal 
emittance and improves the overall beam quality by more than 10%.  
Simulations from the gun through the linac indicate the same peak current at the 
undulator can be obtained by compressing harder in the bunch compressors.  The 
penalty appears to be in increased sensitivity to variations in the linac RF phase. 

• Engineering progressed on various beamline components.  Engineering drawings 
have been done for the DL1 dipoles and the OTR/YAG view screens.  Work has 
begun on the engineering designs for the gun and gun solenoid region. 

• The laser heater is being incorporated into the injector design and work break 
down structure. 

 
Assessment and Issues: 
 

• The exact location of the undulator and laser optics is under discussion.  The 
problem of the ‘double-horned’ energy distribution appears solvable by using a 
laser beam transversely smaller than the electron beam.  However this solution 
complicates the laser optical design. 

• The current design options for the drive laser include the interleaving of either 
two-60 Hz or four-30Hz amplifiers.  Both approaches raise reliability and 
stability issues especially since these amplifiers are pumped by flash lamp laser 
systems.  Given its large size and complexity, this design leads to installation and 
operation problems.  This large laser system is required to satisfy the 
specification of 500 microjoules/pulse of UV energy at the cathode.  Therefore it 
is important to review this and other drive laser specifications.  If it proves 
acceptable to lower the energy per pulse to ~200 microjoules UV, then a much 
smaller and more reliable diode-pumped system could be considered. 
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WBS 1.3, 2.3 Linac System 
 

Highlights: 
 

• Work continued on developing the Linac manpower loaded schedule. Schedules 
and cost estimates were completed for magnets, area installation and RF systems. 
Expected completion of all Linac systems and components is mid-November. 

• Work continued creating the diagnostics portion of the Linac device specification 
database. The database was used to check component count in the resource-
loaded schedule. A new linac ordinal parts list is in preparation. 

• The superconducting wiggler effort was terminated. The function of the 
superconducting wiggler will be performed by a laser-heater in the Injector 
system. 

• Dog Leg 2 was renamed the Linac-to-Undulator line (LTU) since it incorporates 
DL2, a diagnostics section, a matching section and a collimator array for launch 
and protection of the FEL Undulator. An undulator machine protection study will 
finalize the diagnostics requirements in the LTU. 

• Several iterations were made in designing the Dump Line optics. The optics 
description was modified according to physical constrains in magnet layout and 
the requirements of radiation protection. 

• Tim Montagne was hired as a third mechanical engineer working on the Linac 
System. His previous work at SLAC made him immediately useful. Tim will 
work on the design of the DL2 and Main Dump region of the machine. 

• A mechanical layout of the x-band system was completed. 
 
Assessment and Issues: 
 

• The Linac technical review was postponed due to an unforeseen and unavoidable 
change in availability for a primary presenter. The review has been rescheduled 
for December. 

• The Dump Line optics must be finalized to provide input to Conventional 
Facilities and to complete the manpower loaded schedule. 

• The controls section of the manpower loaded schedule was input from CD1 data. 
This input must be reviewed and validated by SLAC controls engineers. 
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WBS 1.4, 2.4 Undulator System 

 
 
Highlights: 
 

• Concentrated work proceeded on the development of the resource loaded 
schedule. A member of the AIM team visited the APS to help on the progress of 
this task. 

• The specified undulator gap has been opened slightly based on an undulator-
specifications workshop held at the APS. The workshop consisted of LCLS 
members from SLAC, ANL, and UCLA with an additional person from LBNL. 
The strength of the undulator will be set such that 1.5 Angstrom is achieved with 
14.1 GeV of electron beam energy. Harmonics and tapering of the undulator 
field strength will be used to reach significant pulse energies at shorter 
wavelengths. 

• Work has continued on the engineering of the field control shunt with initial 
measurements to be made soon. 

• A full 3-D model in Pro-Engineer of the 1st prototype undulator is 100% 
complete. This model is being used as the baseline for the 2nd undulator 
modifications. 

• Work continues on the x-ray diagnostics. The plan at present is to pursue the 
development of a low-power and high-power version. This is needed in order to 
cover the very large range of power densities expected along the undulator 
system. 

• A review of the undulator magnet by a group of undulator and magnet experts 
has been scheduled for November 14th at the APS. The goal of this review is to 
receive confirmation that the design and 1st prototype as it stands has met the 
performance specifications. The review will also look critically at the 
modifications that will be incorporated in the 2nd prototype. The committee will 
also be asked to comment on the acquisition plan and schedule for the second 
prototype and the production magnets. 

 
Assessments and Issues: 
 

• The decision to put the undulator gap back to near its original value should lower 
the overall risk of achieving the stated goal of saturation at 1.5 Angstrom, and we 
feel comfortable with the undulator requirements needed to meet these 
specifications. 

• Although a number of APS people have been made available to work on the 
LCLS project, additional resources are needed, which will start to place a large 
burden on the technical engineering capacity of the APS. Discussions with the 
APS management have begun and plans are being made as to how to meet the 
needs of the LCLS project. 
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WBS 1.5, 2.5       X-ray Transport & Diagnostics System 
 
Highlights: 
 

• The main thrust of the x-ray transport optics and diagnostics management was 
the drive to reduce the burn rate for October so that the LCLS project would 
cross the FY04 financial boundary with a positive balance. Through a 
combination of vacations, the short financial month, and the deferral of FY04 
projects, the project lowered its burn rate by 31% in October entering November 
with +$16K of carryover FY03 funds remaining. 

• High priority was given in October to the Draft Resource Loaded Cost and 
Schedule (Xtr-m4). In October we completed the transfer of the XRTOD 
resource plan contained in a series of Excel spreadsheets to the AIM team, 
approximately 2000 records. This was compressed to ~300 items by combining 
multiple small tasks in the Excel sheets into single tasks in the P3 while 
preserving the amount of resources. By the end of October the AIM team had 
developed resource loaded schedules for approximately 50% of the deliverables 
and printed them out for checking. 

• Good agreement between predicted and measured camera performance means 
that camera design is well understood. 

 
Assessment and Issues: 
 

• The biggest concern stems from the impact of the Congressional Continuing 
Resolution on the near-term integrity of the XRTOD team now in place. The 
graph below shows the $1.3 M PED spending plan for meeting the CD-2b review 
milestone, and shows the need to increase staff, now conflicts with the lower 
burn rate imposed by the continuing resolution.  In addition to the extra 
management oversight required to take the project through these “squeeze 
points”, the XRTOD management must decide on whether to continue with the 
new staff member, which would keep us on schedule but risks losing the entire 
staff before the Continuing Resolution is resolved, or shedding staff in order to 
preserve key members of the team. 
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WBS 1.6, 2.6       X-Ray Endstations System 
 
 
Highlights: 
 

• The WBS was finalized to level 5, and the scheduling logic is nearly complete.  
Next is to begin to do the resource-loading process.  A draft resource-loaded cost 
and schedule for the Endstation system is scheduled for early December. 

 
• Two good candidates were interviewed for the X-Ray Endstations Controls 

Engineer position.  This position is foreseen as a project engineering position for 
the LCLS Endstation system.   

 
Assessment and Issues: 
 

• The Endstation schedule must continue to be coordinated with x-ray transport 
and conventional facilities groups. 

• A design review is scheduled for December to review the preliminary design of 
the LCLS Endstation System. 

• A long-range staffing plan needs to be developed which defines the transition to 
an appropriate staffing arrangement for facility operation. 
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WBS 1.9, 2.9       Conventional Facilities 

 
Highlights: 
 

 
• Continued progress was made in developing a resource loaded schedule in WBS 

format including logic, man-power and resources. 
 

• Began developing the design criteria for the Sector 20 Injector Facilities and 
Magnetic Measuring Facility  

 
• Main Control Center Upgrades were not originally a part of the CF scope but has 

now been added.  Development of the design criteria has started. 
 
• Coordinated and developed interface milestones with all other system managers.   
 
• Coordinated and conducted site visit and job-walk for architectural & engineering 

firms in response to the formal request for proposal.  The firms that responded were: 
MW Zander, Jacobs Engineering, Parsons and DMJM Technology.  The site visit 
totaled approximately 40 people.         

 
 
Issues and Assessments 
 

• Need to add staff to CF internal team (i.e. mechanical engineer, electrical engineer, 
facilities coordinator). 

 
• Office space (3 offices) will be needed to accommodate the upcoming staff.   
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LCLS Cost and Schedule Performance 
 

Current Period Cumulative to Date At Completion

1.1  Project Management 223 200 168 -23 32 1,573 1,447 1,601 -127 -154 2,700
1.2  Injector 117 163 139 46 24 1,140 852 777 -289 75 1,850
1.3  Linac 56 119 66 63 52 582 351 244 -231 107 1,125
1.4  Undulator 71 96 92 25 5 708 605 665 -103 -60 1,500
1.5  X-ray Transport 82 21 91 -61 -70 549 587 793 38 -207 1,312
1.6  X-ray Endstations 0 32 0 32 32 110 92 0 -18 92 350
1.9  Conventional Facilities 23 46 22 23 24 211 177 136 -35 41 700

Gen. and Admin.
Undist. Budget 0
Sub Total 571 675 578 104 97 4,874 4,110 4,216 -765 -106 9,537
Management Resrv.
Total 571 675 578 104 97 4,874 4,110 4,216 -765 -106 9,537

LCLS Cost Performance Report - Work Breakdown Structure 31-Oct-03

Variance
Actual 

Cost Work 
Performed

Actual 
Cost Work 
Performed

Latest 
Revised 
EstimateWork 

Scheduled
Work 

Performed

Budgeted
Cost Schedule Cost

WBS Budgeted Cost Variance Budgeted Cost Variance

Work 
Scheduled

Work 
Performed Schedule

 
 

Cost and Schedule Narrative 
The LCLS Project is reporting earned value based upon a set of milestones consistent with defining a performance baseline (CD-2b) 
for the LCLS project in March 2004.  This EV system will track progress (PED funds only) for the LCLS until the full resource-
loaded WBS is approved for performance reporting by the LCLS Project Office (est. Dec 2003). 
 
For October 2003, LCLS is reporting a cumulative schedule variance (SV) of ($765K) and cost variance (CV) of ($106K) against its 
baseline plan.  Both variances show progress over the September performance report indicating that LCLS is improving its 
performance against the baseline plan.  The Injector subsystem reports the largest SV ($289K) due to slower than planned progress in 
(1) the overall conceptual design of the Injector (2) the Injector draft resource-loaded schedule.  Other systems with large variances 
are the Linac (WBS1.3) and Undulator (WBS 1.4) that were related to preparation of the draft resource-loaded system schedules for 
the LCLS baseline.  The development of draft resource-loaded schedules for each system is the highest LCLS priority.  
 
The CV is dominated by Project Management (1.1) and the X-ray Transport system (1.5).  Both of these variances are caused by 
management tasks omitted from the original work plan.  Budget will be reallocated to cover this variance. 
 
The LCLS Schedule Performance Index (SPI) and Cost Performance Index (CPI) are 0.84 and 0.86, respectively. 
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DOE (Level 2) Milestones 
 

Milestone ID LCLS WBS/Subsystem
DOE (L2) 
Milestone Complete

1.1 / Project Management
Mgmt-m2 Project Management Plan (PMP) Complete 31-Oct-03
Mgmt-m7 Risk Management Plan Complete 31-Jan-04
Mgmt-m8 Preliminary Safey Assessement Document Submitted 31-Jan-04

Mgmt-m12 LCLS Performance Baseline Complete 31-Mar-04
 1.2 / Injector  

Inj-m3 Injector Design Review Complete 30-Nov-03
Inj-m5 Injector Advance Procurement Plans Complete 29-Feb-04

 1.3 / Linac
Lin-m2 Linac Design Review Complete 30-Nov-03
Lin-m5 Linac Advance Procurement Plans Complete 29-Feb-04

 1.4 / Undulator
Und-m3 Undulator Design Review Complete 30-Nov-03
Und-m7 Undulator Advance Procurement Plans Complete 29-Feb-04

 1.5 / X-ray Transport
Xtr-m5 X-ray Transport (Preliminary) Design Review Complete 30-Nov-03
Xtr-m7 X-ray Transport Advance Procurement Plans Complete 29-Feb-04

 1.6 / X-ray Endstation
Xes-m2 X-ray Endstation Design Review Complete 30-Nov-03
Xes-m5 X-ray Endstation Advance Procurement Plans Complete 29-Feb-04

 1.9 / Conventional Facilities
CnF-m2 CF Criteria/Bldl Prgram Complete 30-Sep-03 26-Sep-03
CnF-m4 CF Title I A/E Contract Awarded 31-Oct-03
CnF-m6 CF Advance Procurement Plans Complete 29-Feb-04  
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LCLS Glossary 

 
 
Actual Cost of Work Performed (ACWP) – Actual cost as reported through the LCLS cost accounting 
systems, plus any accruals, for a specific WBS#, subproject, or project. 
 
Actual Year Dollars (AY$) – Actual dollars in the year spent.  Budgeted funds also reported in AY$ to 
estimate of out-year expenditures and inflation.  LCLS uses the escalation rate guidance as recommended 
by the Department of Energy for Energy Research projects. 
 
Budget Authority (BA) – Cumulative funds currently allocated and authorized by the Department of 
Energy that may be committed and spent by LCLS for project-related activities. 
 
Budget at Completion (BAC) – The total budgeted cost of the project at completion for a given 
subproject, or project.  BAC is the budgeted cost of the project excluding contingency. 
 
Budgeted Cost of Work Performed (BCWP) – Budgeted value of planned work for a specific WBS#, 
subproject, or project physically accomplished to date. 
 
Budgeted Cost of Work Scheduled (BCWS) – Budgeted value of planned work time-phased to the 
schedule for a specific WBS#, subproject, or project. 
 
Commitments – Funds allocated for approved work.  

Cost Performance Index (CPI) – The ratio of the value of the work performed to actual cost; CPI = 
BCWP/ACWP.  Values less than 1.0 represent “cost overrun” condition, and values greater than 1.0 
represent “cost underrun” condition.  

Cost Variance (CV) – Difference between the estimated value of the physical work performed and the 
actual cost expended for a specific WBS#, subproject, or project.. CV = BCWP-ACWP. A negative result 
is unfavorable and indicates the potential for a cost overrun.  

Estimate at Completion (EAC) – Forecast of the final cost for a specific WBS#, subproject, or project 
based on the current ACWP plus a management assessment (ETC) of the cost to complete the remaining 
scope of work.  

Estimate to Complete (ETC) – A realistic appraisal of the cost to complete the remaining scope of work.  

Other Project Cost (OPC) – LCLS “supporting” costs not directly contributing to the construction project.  
OPC costs generally include research and development and pre-operation (start-up) activities.  

Percent Complete – The ratio of the work accomplished (earned-value) to the Budget at Completion for 
any WBS#, subproject, or project. % Complete = BCWP/BAC. 

Percent Contingency Remaining – The ratio of available contingency dollars (TPC-EAC) to remaining 
work (EAC-BCWP). 

Project Engineering and Design (PED) – Funding used to support the engineering and design effort for 
the LCLS. 
 
Schedule Performance Index (SPI) – The ratio of the value of work performed to work scheduled, SPI = 
BCWP/BCWS.  Values less than 1.0 represent a “behind schedule” condition, and values greater than 1.0 
represent “ahead of schedule” condition. 
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Schedule Variance (SV) – Difference between the value of the physical work performed and the value of 
the work planned (scheduled). SV = BCWP-BCWS. A negative result is unfavorable and indicates a behind 
schedule condition.  

Total Estimated Cost (TEC) – The total capital funds authorized for the LCLS project for the construction 
phase of the project.  TEC includes contingency but does not include OPC. 
  
Total Project Cost (TPC) – The total capitals fund authorized for the LCLS project, including TEC and 
OPC. 
 
WBS (Work Breakdown Structure) – A method of hierarchically numbering tasks in a traditional outline 
numbering format.  The WBS provides a basis for the LCLS work plan which is used to track all resources, 
schedules, and costs. 
 


