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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 January with the 
overall LCLS resource-loaded schedule finalized by the end of February 2004. 

 
• A Technical Design Review was held on 12 December 2003 for the LCLS Linac 

System. The review included presentations on Project Management, Beamline 
Design, Beam Dynamics and Instabilities, Diagnostics and Controls, Component 
Specifications, Linac Engineering, Linac-to-Undulator Beamline and the LCLS 
Beam Dump, RF Systems and RF Waveguide and Structures. 

 
• A meeting of the LCLS Scientific Advisory Committee (SAC) was held on 1-2 

December 2003, to discuss the process for selection of experiment proposals and 
the proposal process.  Topics covered in the SAC meeting were experimental 
evaluation criteria, identification of key issues, R&D efforts needed to address 
key technical issues, and commissioning and operation of the LCLS 
experimental stations. 

 
• A commissioning plan for the LCLS is under development that will provide the 

initial strategies and proposed methodologies necessary to commission the LCLS 
machine, and will address early electron beam commissioning in the LCLS 
Injector to FEL operations.  The LCLS Commissioning Plan also serves as the 
technical scope for the LCLS commissioning resource and cost estimate which is 
estimated in the LCLS Other Project Costs (OPC).    

     
 
Assessment and Issues: 
 

• December 2003 cost and schedule performance indices are 0.96 and 0.74, 
respectively.  The schedule variance, which dropped from a 0.86 in November, 
primarily reflects the delay in finalizing the LCLS resource-loaded WBS. 

 
• The delay in the award for the LCLS Title I / Title II / Title III services is 

currently the critical path for the completion of Title I into April 2004. 
 

• The APS Associate Laboratory Director and APS Divisions Directors have 
discussed the allocation of effort resources to support the LCLS project.  
Resources have been allocated (or promised) to cover all critical activities for the 
LCLS in FY04.  Negotiations and meetings will continue once the LCLS has 
refined its resource-loaded schedule for the life of the project.
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Technical & Programmatic Progress 

 
 

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

• A Preliminary Safety Assessment Document (PSAD) is under development 
which will identify and assess hazards associated with the design, construction 
and operation of the LCLS.  The PSAD is required for approval of the LCLS 
Performance Baseline (CD-2b) and will be available in draft form in February 
2004. 

 
• The LCLS Project Management Plan is in draft form, but will not be made 

available until the cost estimate, resource profiles and overall schedule, which 
are appendices of the Project Management Plan, have been finalized by the 
LCLS Project Office. 

 
• The LCLS Project Office has established a Technical Addenda to the LCLS 

MOU between SLAC and ANL/LLNL which is used to identify resources and 
milestones for the ANL and LLNL groups working on the LCLS and to 
appropriate funds to each group per fiscal year.  Each LCLS Technical Addenda 
will be based upon the approved resource-loaded LCLS WBS. 

 
 
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.   
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WBS 1.2, 2.2 Injector System 
 
 
Highlights: 
 

• The draft Injector System resource-loaded WBS is still under development and is 
expected to be completed in January 2004.  Concentrated effort continues to 
finalize the WBS and refine the overall schedule, logic, manpower and resources.  
This is the highest priority for the Injector group. 

 
• Effort continues to establish a new baseline for the cathode quantum efficiency 

(QE), since a review of this issue indicated that the 1x10-5 for the quantum 
efficiency specification is too conservative, i.e. too low.  A low QE places 
excessive demands on the drive laser design and the current baseline will require 
500 micro-joules of UV at the cathode.  Recent analyses provide a more realistic 
and promising QE is 3x10-5 reducing the drive laser requirement to 200 micro-
joules of UV at the cathode.  This energy now makes the use of a diode-pumped 
amplifier possible. 

 
• Work has proceeded to change the layout of the injector beamline to 

accommodate the laser heater in a position downstream from the second linac 
section, which resulted from the adoption of a chicane design for the laser heater, 
and to put the undulator in the straight portion of the chicane. 

 
• Also, after considering the specifications for the chicane bend magnets, it was 

decided to use the nearly completed DL1 dogleg bend magnet design for the 
chicane magnets.  Considerable cost and schedule can be saved by adopting the 
existing design, and the layout is in progress assuming the dimensions of these 
dipole magnets. 

 
 
Assessment and Issues: 
 

• Work continues on the draft resource-loaded WBS for the Injector System.  This 
is the highest priority for the Injector.   
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WBS 1.3, 2.3 Linac System 
 
 
Highlights: 
 

• The draft Linac System resource-loaded WBS was completed in November 
2003.   Effort continues to finalize the WBS and refine the overall schedule, 
logic, manpower and resources.  The Linac System WBS is expected to be 
complete in January 2004. 

 
• A Technical Design Review was held on 12 December 2003 for the LCLS Linac 

System. The review included presentations on Project Management, Beamline 
Design, Beam Dynamics and Instabilities, Diagnostics and Controls, Component 
Specifications, Linac Engineering, Linac-to-Undulator Beamline and the LCLS 
Beam Dump, RF Systems and RF Waveguide and Structures. 

 
• The LCLS Beam Dump optics design is stabilized but in draft form.  Further 

refinement is required by SLAC Radiation Physics. 
 
 
Assessment and Issues: 

 
• The LCLS Linac Controls Engineer assigned to assist in completing the 

resource-loaded WBS was not able to devote full effort to the LCLS Project until 
late-December.  This is due to priority conflicts between LCLS and SPEAR-3 
commissioning.  This is now resolved but did have some impact on the 
development of the Linac WBS. 

 
• The LCLS Commissioning Plan needs to be completed in order for the Linac 

group to validate cost estimate and assess and finalize its diagnostic component 
types and specifications. 

 
• SLAC Radiation Physics concerns need to be addressed to finalize the dump 

vault design to support the Conventional Facilities Title I design.  These issues 
will be addressed in January 2004 once the A/E firm has begun the LCLS Title I 
effort. 
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WBS 1.4, 2.4 Undulator System 
 
 
Highlights: 
 

• The draft Undulator System resource-loaded WBS was completed in December 
2003.  Concentrated effort continues to finalize the WBS and refine the overall 
schedule, logic, manpower and resources.  The Undulator System WBS is 
expected to be complete in February 2004. 

 
• The final review report for the Undulator Design Review held on 14 November 

2003, has been received from the review committee.  The committee 
recommended continuation of prototype studies by testing modifications to the 
first prototype, rather than building a second prototype incorporating significant 
design changes. The committee further recommended that LCLS identify 
experienced vendors to construct two “first articles” to provide sufficient value 
engineering to the undulator design.  The full report of the Undulator Design 
Review is available in the LCLS Project Office.   

 
• Work on the undulator field control shunt has been completed. Components 

required to test the “canted pole” design idea have been ordered. 
 

• Marion White has agreed to start to help and ultimately take over from John 
Noonan the role of WBS level 3 system manager for the undulator magnet 
systems. Marion is fresh off from work on the SNS, and her experience with the 
SNS will be very helpful.  

 
 
Assessments and Issues: 
 

• The inter-undulator x-ray diagnostics system must satisfy very difficult 
performance criteria. In particular, at this time, there does not appear to be any 
known material that will survive a direct hit of the high-power x-ray pulse near 
saturation of the FEL process for the long wavelength operating point.  LCLS 
will continue to explore the use of laser wires or gas jets for diagnosing the x-ray 
pulse near the end of the undulator system when saturated conditions have been 
achieved. 

 
• Meetings with the APS Associate Laboratory Director and the APS three 

Divisions Directors have been held to discuss the allocation of effort resources 
required for the support of the LCLS project.  Resources have been allocated (or 
promised) to cover all critical activities for the LCLS in FY04.  Negotiations and 
meetings will continue to further refine the allocation and scheduling of effort 
assigned to the LCLS project, once the LCLS has refined its resource-loaded 
schedule for the life of the project. 
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WBS 1.5, 2.5       X-ray Transport, Optics & Diagnostics System 

 
 
Highlights: 
 

• The draft X-Ray Transport, Optics and Diagnostics (XTOD) System resource-
loaded WBS was completed in December 2003.   Effort continues to finalize the 
WBS and refine the overall schedule, logic, manpower and resources.  The 
XTOD WBS is expected to be complete in February 2004. 

 
• Work began on the XTOD portions of the LCLS Commissioning Plan.  The 

XTOD sections include plans for diagnosing the LCLS Free-Electron Laser 
during the very early stages of commissioning using the instrumentation in the 
LCLS Front-End Enclosure. 

 
• To assist in our discussions of commissioning, we have created a PC application 

that calculates the beam sizes and power levels in FEE and the downstream 
hutches.  A zip file for the application installation program has been submitted to 
the LCLS Archives (LLNLAppsDec2003.zip), which are available through the 
LCLS Project Office. 

 
 
Assessment and Issues: 
 

• FY04 PED funds authorization arrived at LLNL on December 1st.  This delay in 
available funds resulted in a disruption of effort on the LCLS project.  A 
standard template for transferring funds from SLAC to its LCLS partner labs, 
LLNL and ANL, is now in place, which should help facilitate the transfer of 
funds in the future. 

 
• The LCLS Commissioning Plan, once finalized will require that the current 

XTOD resource-loaded cost and schedule be updated particularly in the Front-
End Enclosure. 
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WBS 1.6, 2.6       X-Ray Endstations System 
 
 
Highlights: 
 

• The draft X-Ray Endstations System resource-loaded WBS was completed in 
December 2003.   Effort continues to finalize the WBS and refine the overall 
schedule, logic, manpower and resources.  The X-Ray Endstations WBS is 
expected to be complete in January 2004. 

 
• The X-Ray Endstations Controls Engineer position has been filled, and the 

candidate (Stephan Mueller) will start at SLAC on January 5. 2004. 
 

• An external working group of physicists was created to help define the Atomic 
Physics experiments that will be included in the LCLS project. 

 
 
Assessment and Issues: 
 

• The WBS for the X-Ray Endstations needs additional cost estimates for its effort 
and procurements.  This is currently being collected in the X-Ray Endstations 
Basis of Estimate. 

 
• The overall schedule for the X-Ray Endstations System must be carefully 

coordinated with the X-Ray Transport, Optics and Diagnostics System and the 
LCLS Conventional Facilities. 

 
• A long-range staffing plan needs to be developed which defines the transition to 

an appropriate staffing arrangement for the LCLS facility operation. 
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WBS 1.9, 2.9       Conventional Facilities 

 
 
Highlights: 
 

• The draft Conventional Facilities (CF) resource-loaded WBS was completed in 
November 2003.   Effort continues to finalize the WBS and refine the overall 
schedule, logic, manpower and resources.  The Conventional Facilities WBS is 
expected to be complete in January 2004. 

 
• The initial development of the design criteria for the Sector-20 Injector Facility 

and the Magnetic Measurement Facility is complete, and is awaiting approval by 
the LCLS Project Office.  An upgrade to the SLAC Main Control Center (MCC) 
was not originally a part of the CF scope but has now been added.  Development 
of the MCC design criteria has started. 

 
• The CF schedule is coordinating and developing interface milestones with all 

other system managers.   
 

 
Issues and Assessments: 
 

• The delay in the award for the LCLS Title I / Title II / Title III services is 
currently pushing the schedule for the completion of Title I into April 2004. 

 
• The Design Criteria for the Sector-20 Injector Facility and the Magnetic 

Measurement Facility need to receive management approval so that the work can 
be approved.
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LCLS Cost and Schedule Performance 
 

1.1  Project Management 260 154 214 -106 -60 1,994 1,659 2,048 -335 -390 2,700
1.2  Injector 455 79 85 -376 -6 1,700 941 981 -759 -40 1,850
1.3  Linac 321 77 48 -244 29 958 583 374 -376 208 1,125
1.4  Undulator 309 203 105 -106 98 1,050 955 874 -95 81 1,500
1.5  X-ray Transport 141 3 47 -138 -45 772 590 905 -182 -315 1,312
1.6  X-ray Endstations 180 45 0 -135 45 290 245 0 -45 245 350
1.9  Conventional Facilities 46 18 20 -28 -2 274 209 189 -65 20 700

Gen. and Admin.
Undist. Budget 0
Sub Total 1,712 578 520 -1,133 58 7,038 5,180 5,372 -1,857 -191 9,537
Management Resrv.
Total 1,712 578 520 -1,133 58 7,038 5,180 5,372 -1,857 -191 9,537

31-Dec-03
Cumulative to Date At Completion

Budgeted Variance
Latest 

Revised 
Estimate

Budgeted Cost

Work 
Scheduled

Work 
Performed

LCLS Cost Performance Report - Work Breakdown Structure

WBS
Work 

Scheduled
Work 

Performed

Actual 
Cost Work 
Performed

Current Period

Budgeted Cost Variance

Schedule Cost

Actual 
Cost Work 
Performed

Variance

Schedule Cost

 
 

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. Feb 2004). 
 
For December 2003, LCLS is reporting a cumulative schedule variance (SV) of ($1,857K) and cost variance (CV) of ($191K) against 
its baseline plan.  Approximately 85% of the unfavorable schedule variance is related with meeting the “Resource-Loaded Cost & 
Schedule Complete” milestone for each LCLS system.  All LCLS Systems are on schedule for finalizing their WBS by February 2004.  
The Injector subsystem reports the largest SV ($759K) due to slower than planned progress, primarily due to the Injector draft 
resource-loaded schedule.  Other systems with large variances are the Project Management (WBS 1.1) and Linac (WBS 1.3); both 
variances are related to overall preparation for the LCLS baseline.  The cumulative Cost Variance is modest at this time.  
 
The LCLS Schedule Performance Index (SPI) and Cost Performance Index (CPI) are 0.74 and 0.96, respectively.
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DOE (Level 2) Milestones 
 

Milestone ID LCLS WBS/Subsystem DOE (L2) 
Milestone

Complete 
Forecast

1.1 / Project Management
Mgmt-m2 Project Management Plan (PMP) Complete 31-Oct-03 31-Mar-04
Mgmt-m7 Risk Management Plan Complete 31-Jan-04 29-Feb-04
Mgmt-m8 Preliminary Safety Assessement Document Submitted 31-Jan-04 29-Feb-04

Mgmt-m12 LCLS Performance Baseline Complete 31-Mar-04 30-Apr-04
 1.2 / Injector  

Inj-m3 Injector Design Review Complete 30-Nov-03 3-Nov-03
Inj-m5 Injector Advance Procurement Plans Complete 29-Feb-04 29-Feb-04

 1.3 / Linac
Lin-m2 Linac Design Review Complete 30-Nov-03 12-Dec-03
Lin-m5 Linac Advance Procurement Plans Complete 29-Feb-04 29-Feb-04

 1.4 / Undulator
Und-m3 Undulator Design Review Complete 30-Nov-03 15-Feb-04
Und-m7 Undulator Advance Procurement Plans Complete 29-Feb-04 29-Feb-04

 1.5 / X-ray Transport
Xtr-m5 X-ray Transport (Preliminary) Design Review Complete 30-Nov-03 20-Feb-04
Xtr-m7 X-ray Transport Advance Procurement Plans Complete 29-Feb-04 29-Feb-04

 1.6 / X-ray Endstation
Xes-m2 X-ray Endstation Design Review Complete 30-Nov-03 2-Dec-03
Xes-m5 X-ray Endstation Advance Procurement Plans Complete 29-Feb-04 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 14-Jan-04
CnF-m6 CF Advance Procurement Plans Complete 29-Feb-04 30-Apr-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. 
 


