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

 
Project Overview and Assessment 

 
 
Highlights: 
 

• Work continues on developing bottoms-up resource loaded schedules for each 
LCLS System.  At month-ending January 2004, draft bottoms-up cost and 
schedule are available for all seven LCLS systems.  Project Management, X-Ray 
Endstation and Conventional Facilities have been finalized and are consistent 
with a September 2008 CD-4.  All LCLS systems are expected to be finalized by 
the end of February 2004. 

 
• A workshop was held at UCLA on January 19-20 to discuss the LCLS 

diagnostics and the commissioning plan.  One outcome of the workshop is that 
the scope of the intra-undulator diagnostics was reduced and the x-ray 
diagnostics that were originally planned have been relegated to a minor R&D 
activity. 

 
• The Architectural/Engineering (A/E) contract for Title I, Title II and Title III 

Services has been awarded to Jacobs Engineering.  The scope of this work is for 
all new construction on the SLAC site and some demolition in the SLAC 
Research Yard. 

 
• The first of three ‘charrettes’, a meeting used to transfer the design details from 

LCLS scientists and engineers to the A/E architects and engineers, was held on 
January 22-23.  During the two-day event, several key SLAC managers were 
present to provide detailed information about the SLAC site (i.e., cable utilities, 
road allowances, life safety regulations, etc.) such that the A/E firm has adequate 
information to begin the Title I effort.  

     
 
Assessment and Issues: 
 

• January 2004 cost and schedule performance indices are 0.97 and 0.74, 
respectively.  The schedule variance primarily reflects the delay in finalizing the 
LCLS resource-loaded WBS, a delay in the LCLS Risk Management Plan and 
LCLS Advance Procurement Plan. 

 
• 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.



 

 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: 
 

• Work continues on developing bottoms-up resource loaded schedules for each 
LCLS System.  At month-ending January 2004, draft bottoms-up cost and 
schedule are available for all seven LCLS systems.  Project Management, X-Ray 
Endstation and Conventional Facilities have been finalized and are consistent 
with a September 2008 CD-4.  All LCLS systems are expected to be finalized by 
the end of February 2004. 

 
• The LCLS Advance Procurement Plan is being prepared and a draft copy will be 

available by the end of February 2004. 
 
• Most of the remaining offices in the second floor of B280 have been vacated, 

and the LCLS Project continues to co-locate its staff.  A phased transition into 
B280 over the next few months is planned. 

 
• The response from ANL-APS to John Galayda’s request to commit additional 

resources to the LCLS project has had a positive effect on the LCLS Undulator 
system.  Currently, work is progressing in a satisfactory manner. 

 
 
 
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 LCLS system to ensure a common approach to the 
WBS methodology and to provide additional resources and/or expertise where 
necessary. 

 
• The LCLS Project Office has prepared a Technical Addenda (TA) to the LCLS 

MOU between SLAC and ANL/LLNL which is based upon the approved 
resource-loaded LCLS WBS.  The TA describes the detailed scope, budget and 
resources necessary per year agreed upon between SLAC and ANL/LLNL on 
behalf of the LCLS project.  Currently the TA document is being finalized 
between LCLS and SLAC Business and Information Services (BIS).  It is 
important to finalize this document soon so that the remaining funds for FY04 
can be transferred to ANL and LLNL. 
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WBS 1.2, 2.2 Injector System 
 
 
Highlights: 
 

• The draft Injector System WBS and bottoms-up resource-loaded schedule was 
completed in January.  Effort continues to refine the WBS format including 
logic, man-power and resources. 

 
• Injector Laser Engineer, Sasha Gilevich, reported on a study of the conversion 

efficiency from IR to UV of the frequency tripler proposed for the LCLS drive 
laser.  This work is important since in the present laser design the conversion 
efficiency is assumed to be only 10%, and the efficiency strongly affects the size 
and expense of the power amplifier.  An angular alignment of better than 50 
microradians is needed to keep the efficiency within 20% of its optimal value of 
15% conversion. 

 
• The laser system at the Sub-Picosecond Pulsed Source, SPPS, is being used to 

determine the timing jitter between a laser oscillator and the linac electron beam.  
Phase noise measurements on the laser oscillator running at 102MHz have 
shown a timing stability of less than 100fS rms jitter.  The phase measurement 
was done by locking the laser to a clean RF reference oscillator at 2856MHz.  
The output of the 102MHz pulsed laser oscillator was detected with a diode, the 
2856MHz components run through a band-pass filter, and mixed with the input 
RF.  Further measurements are required to determine how the laser will lock to 
and track an RF source with higher noise components as found in the accelerator.   

 
• Modifications to the scope of work for the ultra-low noise source being built by 

Wenzel Corporation were done to allow the unit to be able to measure phase 
noise.  The units were shipped to SLAC in January of 2004. 

 
• The LCLS controls consultant, Bob Dalesio, has begun working with Dayle 

Kotturi on the injector controls system.  As one of the original authors of EPICS, 
Bob Dalesio has extensive expertise in the design of EPICS control systems and 
will make a very positive impact on the LCLS controls system. 

 
Assessment and Issues: 
 

• Work continues on finalizing 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: 
 

• Work continued on finalizing the manpower loaded schedule. January’s work 
centered on cost validation, linking tasks and resource leveling.  The Linac cost 
and schedule should be completed by the end of February. 

 
• Diagnostics and feedback concepts for the linac were presented at the LCLS 

Undulator Diagnostics and Commissioning Workshop. A commissioning plan 
for the linac-to-undulator beamline is in draft form and will be published as a 
LCLS Technical Note once it is completed. 

 
• Radiation safety review of the electron dump beamline revealed the need for a 

thick steel muon shield in the beamline housing upstream of the near-hall 
hutches. Optimization of the beamline design to reduce required shielding 
thicknesses was started. 

 
 
 
Assessment and Issues: 

 
• The LCLS Commissioning Plans needs to be completed and reviewed to validate 

cost estimate for commissioning. 
 
• The electron dump beamline design needs to be modified to address SLAC 

Radiation Physics concerns. The optics and shielding design concepts need to be 
matured to the point where conventional facilities requirements can be finalized 
for Title 1 design. 
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WBS 1.4, 2.4 Undulator System 
 
 
Highlights: 
 

• Concentrated work continues on the completion of the resource loaded schedule. 
The various WBS Level 3s of the undulator system have been linked together 
and refinement of the logic is continuing. Scope associated with SLAC has also 
been incorporated. This includes the Magnet Measurement Facility at SLAC and 
the fixed support units. 

 
• Components required to test the “canted pole” design idea have arrived and 

testing has begun. 
 
• Work continues on the refinement of the 1st prototype undulator report and 

completion is expected in the 1st few days of February. 
 
• A workshop was held at UCLA on January 19-20 to discuss the LCLS 

diagnostics and the commissioning plan.  One outcome of the workshop is that 
the suite of end-of-undulator diagnostics coupled with both the ability to move 
the undulators completely and individually out of the beam path, and the concept 
that the SASE process can be halted with appropriate trajectory steering along 
the undulator meets the x-ray diagnostics needs for the LCLS.  This precludes 
the need for intra-undulator x-ray diagnostics.  For this reason the scope of the 
intra-undulator diagnostics has been reduced and the x-ray diagnostics that were 
originally planned have been relegated to a minor R&D activity. 

 
Assessments and Issues: 
 

• The draft bottoms-up cost and schedule estimate for the Undulator System came 
in higher than earlier estimates.  The Undulator team is carefully reviewing the 
draft estimate and scrubbing out non-essential components and searching for 
double-counted elements. This scrubbing process will continue until ANL and 
SLAC are comfortable with the final numbers. 



 

 8

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

 
WBS 1.5, 2.5       X-ray Transport, Optics & Diagnostics System 

 
 
Highlights: 
 

• Electrical Engineer Eldon Ables and Mechanical Associate Mark McKernan 
joined the project in January and began work on the Basis of Estimate booklet 
for the LCLS X-Ray Transport, Optics and Diagnostics (XTOD) System. 

 
• The draft of the XTOD resource-loaded schedule is complete.  The resource 

loaded schedule is now being finalized and integrated with the other LCLS 
systems’ resources, schedules and budgets. 

 
• The Commissioning Workshop was held on January 19th and 20th.  PowerPoint 

view graphs of the XTOD portion of the workshop are on posted on the LCLS 
web site. 

 
• To further our work on commissioning we have developed an application for 

viewing the far field spontaneous radiation data generated by Roman Tatchyn.  A 
preliminary release is available as version 1.0. 

 
 

Assessment and Issues: 
 

• Changes in the Commissioning Plan, the location of Halls, and the number of 
beams in the tunnel, must be incorporated into the Resource Loaded Schedule 
and Budget. 
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WBS 1.6, 2.6       X-Ray Endstations System 
 
 
Highlights: 
 

• The X-Ray Endstations Controls Engineer, Stephan Mueller, has now joined the 
group.  Currently, Stephan is acting as a Deputy System Manager.  As the X-Ray 
Endstation effort increases, Stephan will take on additional responsibilities in the 
X-Ray Endstations Mechanical Subsystem. 

 
• The X-Ray Endstations WBS and cost/schedule/resource plan is nearly in final 

form.  The X-Ray Endstations budget has received an internal baseline within 
LCLS.  Adjustments to the X-Ray Endstations schedule are now being integrated 
into the overall LCLS schedule. 

 
• A staffing plan for the X-Ray Endstations System over the next two years has 

been finalized. The out-year staffing plan will still need additional effort as this 
leads into the LCLS operations effort. 

 
• The charrette meetings with the A&E firm working on conventional construction 

have been very productive. 
 

• The Atomic Physics advisory group will meet in early March.  This should help 
to define the R&D budget needs in this area. 

 
• There will be a workshop on advanced detectors at SLAC in mid-March.  This 

should help to finalize plans for LCLS detector development. 
 
Assessment and Issues: 
 

• The X-Ray Endstations schedule must continue to be coordinated carefully with 
x-ray transport and conventional facilities groups.  Currently the critical path for 
X-Ray Endstations is driven by the beneficial occupancy of the Near 
Experimental Hall (NEH) and the Far Experimental Hall (FEH). 

 
• The long-range staffing plan for the X-Ray Endstations needs to be developed 

such that it defines the transition to an appropriate staffing arrangement for the 
LCLS facility operations. 
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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.  The LCLS Project Office has 
approved an internal baseline for the Conventional Facilities System. 

 
• The Architectural/Engineering (A/E) contract for Title I, Title II and Title III 

Services has been awarded to Jacobs Engineering.  The scope of this work is for 
all new construction on the SLAC site and some demolition in the SLAC 
Research Yard. 

 
• The first of three ‘charrettes’, a meeting used to transfer the design details from 

LCLS scientists and engineers to the A/E architects and engineers, was held on 
January 22-23.  During the two-day event, several key SLAC managers were 
present to provide detailed information about the SLAC site (i.e., cable utilities, 
road allowances, life safety regulations, etc.) such that the A/E firm has adequate 
information to begin the Title I effort.  

 
• Design criteria for Sector 20 and Magnetic Measurement Facility for 

procurement of AE services have been submitted to the LCLS Project Office.  
 

• Interface milestones between the LCLS conventional facilities schedule and the 
LCLS technical systems are being coordinated.   

 
Issues and Assessments: 

 
• The Title I A/E (Jacobs) design schedule is very compressed due to delay in the 

award of contract.  Title I documents may be severely impacted in upcoming EIR 
review.  This is the critical path activity for the upcoming LCLS baseline review 
in April 2004. 

 
• The Title II A/E (Jacobs) effort will be deferred or delayed depending on 

available funds in the second half of FY04.  There is sufficient slack in the Title 
II effort to allow for this delay, though there is some concern that Jacobs may 
need to reduce staff for 3-4 months and ramp back up in FY05. 

 
• The Title I, II and III for the Sector 20 effort will continue in FY04.   

 
• There is a need to establish and post two job openings: Facilities Project 

Engineer and a Designer. 



 
 Linac Coherent Light Source Stanford Synchrotron Radiation Laboratory 

Stanford Linear Accelerator Center 

LCLS Cost and Schedule Performance 
 

1.1  Project Management 302 226 237 -76 -11 2,296 1,884 2,285 -412 -400 2,700
1.2  Injector 50 113 110 63 3 1,750 1,054 1,091 -696 -37 1,850
1.3  Linac 56 75 91 20 -16 1,014 658 465 -356 192 1,125
1.4  Undulator 175 69 67 -106 2 1,225 1,024 938 -201 86 1,500
1.5  X-ray Transport 211 128 91 -83 37 983 718 999 -265 -281 1,312
1.6  X-ray Endstations 60 36 21 -24 15 350 281 38 -69 243 350
1.9  Conventional Facilities 16 14 20 -2 -5 290 223 208 -67 14 700

Gen. and Admin.
Undist. Budget 0
Sub Total 870 661 635 -209 26 7,907 5,841 6,024 -2,066 -183 9,537
Management Resrv.
Total 870 661 635 -209 26 7,907 5,841 6,024 -2,066 -183 9,537

31-Jan-04
Cumulative to Date At Completion

Budgeted Variance
Latest 

Revised 
Estimate

Budgeted Cost

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 CostWork 
Scheduled

Work 
Performed

 
 

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 January 2004, LCLS is reporting a cumulative schedule variance (SV) of ($2,066K) and cost variance (CV) of ($183K) against its 
baseline plan.  The unfavorable schedule variance is primarily related with finalizing the LCLS Cost & Schedule (25%), completing 
the LCLS Advance Procurement Plan (30%) and preparation for the CD-2b review (30%).  The Injector subsystem reports the largest 
SV ($696K) 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 LCLS Schedule Performance Index (SPI) and Cost Performance Index (CPI) are 0.74 and 0.97, 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. 
 


