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Project Overview and Assessment 

 
 
Highlights: 
 

• All Applied Integration Management (AIM) team are now on-site and working 
full-time with the System Managers in developing the LCLS resource-loaded cost 
and schedule. 

• LCLS added a number of key professionals to its core team; 
• Dayle Kotturi, SLAC (Injector Controls Engineer) 
• John Noonan, ANL (Undulator Manager) 
• Josh Stein, ANL (Undulator Controls Engineer) 
• Regina Soufli, LLNL (X-Ray Optics Physicist) 
• Helen O’Donnell, SLAC (LCLS Administrative Aide) 

• An announcement was published (week of August 11) in a national trade 
publication (Engineering News & Record) requesting soliciting interest in firms to 
provide the LCLS Title I and Title II design services.   

• A geotechnical subsurface investigation was performed by subcontractor 
Rutherford & Chekene, and their report was submitted to LCLS management.  
The geotech report noted generally favorable conditions for proposed tunnel 
project of the LCLS. 

 
Assessment and Issues: 
 

• The LCLS Project continues to co-locate its staff in SLAC’s B280, which is the 
preferred location for LCLS personnel during the construction of LCLS.  Current 
estimates show ~35 additional LCLS staff are needed to build a core LCLS team, 
and a phased transition into B280 over the next nine months has been proposed to 
SLAC management.   

• The milestone for the 1st prototype undulator report, due at the end of August, was 
not met.  From an early draft report it was clear that additional measurements of 
the prototype undulator were necessary. The remeasurement has been delayed due 
to the remeasuring and tuning of APS undulators, during a regularly scheduled 
APS shutdown.  The 1st prototype is scheduled to be remeasured by the middle of 
September, with a revised undulator report mid-November. We are also currently 
working to increase the level of priority of the LCLS undulator work within APS. 

• August cost and schedule performance has degraded from last month.  This is 
primarily due to a slower performance on developing the overall cost and 
schedule baseline information for the LCLS project, which has been affected by 
the slower rampup of the AIM team and by mandated vacation time at SLAC. 
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Technical & Programmatic Progress 

 
 

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

• The resource-loaded schedule for WBS 1.1 is fixed down to Level 4.  The full 
WBS for 1.1 is expected to be completed by the end of September. 

• Treaty points, or physical boundaries setting the scope of each LCLS system, 
were established to define limits of system responsibility and to establish 
communication for common concerns. 

• An Administrative Aide, Helen O’Donnell, has been hired to provide overall 
administrative and logistical support for the LCLS group.  This position is 
expected to evolve into an Administrative Assistant to Associate Director John 
Galayda, once LCLS is a separate division of SLAC. 

• LCLS is beginning to organize a project database, to act as a central repository for 
all LCLS scientific and engineering design documentation, including drawings.  
The LCLS database will allow access and sharing of the baseline LCLS 
documentation from each of the three partner laboratories. 

 
Assessment and Issues: 
 

• This is the second month that the LCLS project has reported earned value making 
all cumulative measurements susceptible to large swings in performance. 

• Overall progress on establishing the cost and schedule baseline for the LCLS is 
slower than target, caused by the slower than planned rampup of the AIM team 
and by the SLAC mandated vacation policy for HEP personnel.  The vacation 
policy is expected to have an impact on LCLS in September as well. 
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• WBS 1.2, 2.2 Injector System 
 
Highlights: 

 
• Injector studies show that micro-structures in the longitudinal phase space can be 

amplified by the longitudinal space charge force. Possible modifications to the 
present injector beamline will be required to warm up the beam if the instability 
proves to be too large.  It is currently estimated that no more than 1 or 2% 
modulation amplitude around 1 micrometer wavelength would be required to 
damp this instability.  As a possible solution, the inclusion of a “beam-heater” in 
the injector is under discussion. 

• For the injector’s drive laser support, effort continues in identification of critical 
prototyping requirements, identification of engineering design issues, and 
preparations for a planned LCLS drive laser review.  

• Existing SLAC mechanical support designs are being modified to reduce the 
engineering and design effort.  In general the engineering of the base, dipole, 
quadrupole and corrector supports are completed, their locations in the injector 
are specified and the drawings are in progress. 

• A controls engineer, Dayle Kotturi, has been hired from within SLAC and will 
begin working at a 30% level until Jan 2004, after which she will be full time on 
LCLS injector. 

• Discussions on minor modifications to the shield wall at Sector 20 are in progress 
in order to make room for the possible inclusion of a “heater undulator” and the 
pps stopper.  Tilting the stub wall appears to give enough room for the undulator 
and using some lead in the full wall allows it to be 10 inches thinner.  Details of 
these modifications and the decision of implementing the undulator will be given 
in next month’s report, after a Sept 16 internal design review. 

• Controls, power and cooling requirements have been defined to facilitate the 
conventional facilities for the LCLS injector.  These requirements show that 
modifications to the conventional facilities at Sector 20 are needed both upstairs 
in the alcove area and downstairs in the off axis linac housing.  

 
Assessment and Issues: 
 

• It is essential that the disassembly and construction of the shield wall is 
accomplished during the 2004 downtime (~July-August 2004) to allow work in 
the injector housing and construction of the Sector 20 alcove beginning in 
October 2005.Failing to meet this milestone will significantly affect the injector 
schedule.  The FY2004 PED plan is to have the conventional facilities budget pay 
for the shield wall engineering and design, and the injector to pay for its 
installation. 
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WBS 1.3, 2.3 Linac System 
 

Highlights: 
 

• The Linac WBS structure was reviewed and modified to better reflect the project 
structure. In addition, the estimate for the Linac manpower resources is being 
collected. 

• A Linac device specification database is being formulated to aid in disseminating 
consistent information to the different engineering groups involved in the Linac.  

• Engineering analysis continued on the Superconducting Wiggler Magnet based on 
modification of the recent BIMP wiggler design for BESSY. Pole shape and 
nested coil parameters were investigated. Preliminary design started on the 
cryogenic cooling system. Power supply and quench protection design issues 
were investigated.  A review team has been selected (and invited) for the 
conceptual design review to be held in October. 

• The design of the Modulator tank for the X-Band system was started. 
• DL2 and Main Dump conceptual designs were explored to define Conventional 

Facilities requirements.  
• The electron beam dump enclosure shielding conceptual design was studied to 

determine its adequacy in light of recent changes to the dump line.  It appears that 
few changes will be required.  

• Interface issues between the Linac and neighboring systems was explored. A 
“treaty point” document was generated to aid in defining limits of responsibility 
and to assist in cooperation in areas of common interest.  

• Applications were received for a third Mechanical Engineer to begin DL2 and 
Main Dump layout in parallel with the optics design. 

 
 
 
Assessment and Issues: 
 

• The Superconducting Wiggler is not the ideal instrument for damping possible 
longitudinal space charge e-beam instabilities, and we are investigating possibly 
utilizing a laser beam heater as a damping tool (see Injector System section). 

• Final Conventional Facilities specifications for DL2 and the Main Dump 
beamline are pending completion of the optics design in these areas. 
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WBS 1.4, 2.4 Undulator System 

 
Highlights: 
 

• In an agreement between SLAC and ANL the longitudinal gaps between 
undulators have been increased. This is the direct result of the decision to move 
the undulator system downstream from its original location within the SLAC 
FFTB hall. There is now more longitudinal space for the undulator system. This 
increase of the gap helps immensely in our efforts to accommodate the desired 
diagnostics systems. 

• A change the operational energy of the LCLS from 14.35 GeV to 14.1 GeV is 
being considered. As a result the maximum magnetic field of the undulator 
required to reach the goal of 1.5 Angstrom decreases and so the gap of the 
undulator increases to something larger than what we currently have. Furthermore 
this modifies the longitudinal spacing between the undulator required to achieve 
proper phasing. We are replanning the undulator system to take these changes into 
account. 

• Additional work has begun on the overall support of the structure and the 
finalization of interfaces between SLAC and ANL. This work will continue for 
the next couple of months until all parties agree to the interface points and 
responsibilities. As the various mechanical interface issues are the most 
complicated between diagnostics, vacuum systems, and support and alignment 
systems the mechanical engineer responsible for the vacuum and diagnostics 
systems has been given the responsibility to ensure overall responsibility for the 
interface issues, both within ANL and in collaboration with the relevant people at 
SLAC. 

• An initial mechanical design of the RF cavity beam position monitors based on 
the SLAC design but specific to the LCLS undulator system has been generated. 
Ties between the ANL engineer responsible for this system and his counterparts 
are SLAC have been made both via Email and via a person-to-person meeting at 
SLAC. 

• A number of new designs of the vacuum chamber system, other than copper or 
stainless steel pipes, have been discussed. Some involve additional fabrication 
beyond a simple pipe, but provide much better access for quality control purposes 
during fabrication as well as much better vacuum pumping efficiencies. Short 
samples of these will be generated over the coming months. 

• A basic undulator hall layout has been generated that is being used as a starting 
point for discussions on the undulator conventional facilities requirements.  The 
hall layout cross-section is sized to allow two parallel undulator systems with a 2-
meter centerline spacing. 

• An experienced member of the APS management/engineering team, John 
Noonan, has joined the LCLS group to oversee the undulator progress as well as 
all fabrication and contract planning and issues at Argonne. John has been a long 
term member of the APS management/engineering team and has overseen large 
engineering projects. 
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• An electrical/controls engineer, Josh Stein, is now on-board the undulator group 
at roughly 90%, with the remaining 10% devoted to handling emergencies within 
the APS systems. Josh has been working to redo his section of the undulator 
system WBS and is also beginning discussions with others regarding controls 
needs. 

 
Assessments and Issues: 
 

• The WBS for the undulator resource-loaded schedule has been completed down to 
level 4. Level 5 and level 6 are still works in progress, with completion scheduled 
for the end of September. Cost, effort, schedule, and logic will be applied to the 
WBS over the next few weeks. 

• There is still some concern with radiation damage to the undulators. Simple 
scaling from measurements of damaged undulator at the APS and elsewhere 
suggest an extremely low tolerance of the Nd-Fe-Bo magnetic block materials. 
Recent data on SmCo, an alternative material, seems to suggest that it can 
withstand a larger radiation dose without suffering damage, yet extracting a 
quantitative number from the reports relevant to the LCLS parameters is not 
appropriate as the conditions for the measurements are too far from these 
parameters. We will continue to pursue the cause of radiation induced 
demagnetization of the Nd-Fe-Bo as this knowledge is required for the 
determination of the machine protection system. 

• The milestone for the 1st prototype undulator report, due at the end of August, was 
not met.  An early draft report was distributed for comment; however, it was clear 
the report was incomplete, particularly, in the quantitative measure of long term 
stability. This requires remeasuring the prototype undulator on the magnet 
measurement bench. This remeasurement has been delayed due to remeasuring 
and tuning of APS undulators, as these currently have a higher priority.  We 
anticipate the 1st prototype to be remeasured by the middle of September, and the 
results will be included in the revised undulator report. We are also currently 
working on increasing the level of priority of the LCLS undulator work within the 
APS organization. 



 Linac Coherent Light Source

 

 9

Stanford Synchrotron Radiation Laboratory 
Stanford Linear Accelerator Center 

WBS 1.5, 2.5       X-ray Transport & Diagnostics System 
 
Highlights: 
 

• The main thrust of the x-ray transport optics and diagnostics sector continues to 
be the design and costing of the X-ray Transport and Diagnostics System, with 
particular emphasis on the Front End Enclosure (FEE) mechanical systems, as 
well as the principal diagnostic imaging camera.  In addition, design and costing 
of the x-ray transport and utility requirements, Xtr-m3, consisted of developing 
the requirements for the Near Experimental Hall.  Documentation for this effort is 
documented in AutoCAD drawing "NearHallXtrUtilities.dwg". 

• The general x-ray transport optics and diagnostics WBS structure is 100 % 
completed to level 4, and about 60 % completed to level 5. Jolyn Scholes, a newly 
hired AIM consultant, is providing support for the cost and schedule data for the 
X-Ray Transport and Diagnostics System. The latest x-ray transport optics and 
diagnostics outline has been submitted to the August archives (Transport WBS 
rev 1.xls). 

• A report (MachZeinderPulseLengthReport.pdf , submitted to the August archive) 
on the pulse length sensor measurements that we performed in the January and 
March SPEAR runs was prepared and presented at the SPIE meeting. 

• Simulation and analyses of camera data and pulse length studies were analyzed to 
determine the minimum distance between the Undulator and the Far Experimental 
Hall and still allow conventional optics to be used without damage.  The normal 
incidence dose in eV/atom to Mo and Si, common materials used for x-ray 
reflectors, at different distances from the undulator were evaluated and the results 
are summarized below. 

 
 
 
 
 

 
 
 
 
The damage thresholds for these materials are believed to lie somewhere between 
0.1 and 1 eV/atom.  The dose is photon energy dependent so the table provides 
the safe distance at the minimum and maximum LCLS energies as as well as the 
safe distance at the photon energy were the absorption is highest (All).  The 
distances are conservative as they are for normal incidence which does not 
consider the increase in survivability at grazing incidence angles employed on the 
LCLS, nor take into account the fact that the melting points of these materials are 
significantly above 0.1 eV/atom.  Nevertheless, the x-ray optics, 250m away from 
the Undulator, will find the environment of the Far Hall "toasty". 

 

Distance from undulator for dose < 0.1 eV/atom: 
Photon energy 800 eV 8261 eV All 

Si 100 m-
150 m 

100 m 200 m-
300 m 

Mo 350 m 350 m > 450 m 

• Work continued on the prototype direct imaging sensor, the workhorse LCLS 
Beam diagnostic.  Details of the analysis procedure are found in the archived file 
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CameraSensitiviyAugustAnalysisSteps.txt and plots of the results are contained in 
CameraSensitivityPlots.ppt. The results are summarized in the table below for the 
different runs, Beam lines, scintillator material, scintillator thickness, and 
microscope objective.   

 
Run Beam 

Line 
Scintillator Scintillator 

Thickness, 
um 

Microscope 
Objective 

Measured 
QE, % 

Predicted 
QE, % 

Jan 
2003 

10-2 LSO 50 2.5 x 
Common 

7.4 ± 0.3 7 

Jan 
2003 

10-2 LSO 50 2.5 x 
Common 

6.8 ± 0.1 7 

Feb 
2003 

2-3 LSO 25 2.5 x Zeiss 
Fluar 

25.8 ± 0.1 13 

Feb 
2003 

2-3 LSO 25 5 x Zeiss 
Fluar 

40.6 ± 0.6 58 

Mar 
2003 

10-2 LSO 25 2.5 x Zeiss 
Fluar 

18.5 ± 0.6 13 

Mar 
2003 

10-2 LSO 25 2.5 x Zeiss 
Fluar 

21.4 ± 0.1 13 

 
The direct imager will not survive the full FEL Beam, but instead will monitor the 
0.01% reflection of off of a Beryllium mirror at 1 degree.  The Beryllium will 
survive in the FEE above energies of 4 kV but the 1 degree grazing angle results 
in the transmitted Beam going through a large amount of Beryllium potential 
integrating its quality for the user.  The report (BeB4CMirror.doc, submitted to 
the August archive) suggests that 20 degrees may work.  Further work on this 
concept continues. 

• Regina Soufli, a physicist in I Division at LLNL, has joined the project.  Regina 
has significant experience in multi-layer x-ray optics and will be working on the 
physics and simulation issues.  A potential post-doc candidate was also 
interviewed in August.   
 

 
Assessment and Issues: 

• Good technical and organizational progress continues. 
• No issues. 
 



 

 11

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

WBS 1.6, 2.6       X-Ray Endstations System 
 
 
Highlights: 
 

• The old WBS section for the LCLS X-Ray Endstations, 1.3.2, began to be 
transferred into a new WBS section 1.6.   

• Discussions with the conventional facilities group led to a nearly final design for 
the LCLS Near Hall, and a first draft design for the LCLS Far Hall.   

• Discussion was initiated with Prof. Sol Gruner, of Cornell, regarding an R&D 
program to develop an advanced x-ray detector system for LCLS.  

 
 
Assessment and Issues: 

 
• There is a need for a project engineer, ideally with a background in controls 

and/or Electrical Engineering, to oversee and support the design and construction 
planning for the X-Ray Endstations System. 
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WBS 1.7, 2.7  Installation & Alignment 
 
Highlights: 
 

• No highlights this month. 
 
 
 
Assessment and Issues: 
 

• As there is no manager currently responsible for WBS 1.7 and 2.7, the estimated 
costs, resources and schedule for the installation and alignment of the LCLS will 
be provided by each System manager.  This is identical to the approach taken for 
the CD-1 cost and schedule estimate.   
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WBS 1.8, 2.8       Conventional Facilities 

 
Highlights: 
 

• Weekly on-going meetings were held with the AE selection committee to discuss 
preparation of upcoming AE review sessions. 

• A geotechnical subsurface investigation was performed by subcontractor 
Rutherford & Chekene, and their report was submitted to LCLS management.  
The scope of work began with the boring of (5) five holes ranging from 45 to 105 
feet deep, and then to provide a tunneling memo (deliverable) describing the 
proposed tunneling conditions (including ground behavior and groundwater 
conditions) and construction considerations (including excavation methods, initial 
and final lining systems).  Also included was a rough order of magnitude 
indicating cost.  The geotech report noted generally favorable conditions for 
proposed tunnel project of the LCLS. 

• Each LCLS System submitted their requirements indicating utility, space and 
other program needs in preparation for design criteria to be submitted to AE in 
development of Title I and Title II documentation. 

• An announcement was published (week of August 11) in a national trade 
publication (Engineering News & Record) requesting notice of intent from firms 
indicating their interest to provide Title I and Title II services.   

• Initial implementation was made in developing a resource loaded schedule in 
WBS format. 

• The sector 20 shield wall radiation physics design is finished and has been 
approved by the SLAC Radiation Safety Committee.  The wall design, and the 
positions and functions of the radiation monitors defined.  The vacuum 
engineering is 90% complete, and the drawings are 65% complete.  Earthquake 
analysis is in progress. 

 
 
 
Assessment and Issues: 
 

• No issues at this time 
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LCLS Cost and Schedule Performance 
 
 

LCLS Cost Performance Report - Work Breakdown Structure        

1.1  Project Management 156 56 195 -100 -139 1,195 1,027 980 -168 47 2,700
1.2  Injector 335 185 113 -150 72 731 550 526 -181 24 1,850
1.3  Linac 189 82 38 -106 44 367 141 138 -227 2 1,125
1.4  Undulator 242 49 115 -194 -66 475 355 434 -120 -79 1,500
1.5  X-ray Transport 115 77 179 -38 -101 377 381 588 3 -207 1,312
1.6  X-ray Endstations 50 14 0 -36 14 75 43 0 -32 43 350
1.7  Installation and Alignment
1.9  Conventional Facilities 57 24 42 -33 -18 152 107 60 -44 48 700

Gen. and Admin.
Undist. Budget 0
Sub Total 1,144 487 681 -656 -194 3,372 2,603 2,726 -769 -123 9,537
Management Resrv.
Total 1,144 487 681 -656 -194 3,372 2,603 2,726 -769 -123 9,537

Work 
Sch

Work 
Perf

WBS Budgeted Cost

Current Period

Actual 
Cost of 

Work Perf

Variance

Sch Cost

Variance

Sch Cost

Budgeted Cost

Work 
Sch

Work 
Perf

31-Aug-03

Actual 
Cost of 
Work 
Perf

Cumulative to Date At Completion

Budget Var
Latest 
Rev 
Est

 
 
 

Cost and Schedule Narrative 
 
The LCLS 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 use by the LCLS Project Office (est. Dec 2003). 
 
For August 2003, LCLS is reporting a cumulative schedule variance (SV) of ($769K) and 
cost variance (CV) of ($123K) against its baseline plan.  The Linac subsystem reports the 
largest SV ($227K) due to slower than planned progress in (1) the overall conceptual 
design of the Linac (2) the Linac draft resource-loaded schedule.  Resources have been 
added to the Linac group to recover schedule.  There were also slips in the Project 
Management (WBS1.1), Injector (WBS1.2) and Undulator (WBS 1.3) that were related 
to preparation of the draft resource-loaded system schedules for the LCLS baseline.  
Progress in establishing the baseline schedule is improving with the full AIM team now 
on the SLAC site.  
 
The CV is dominated by the X-ray Transport system, caused by some management tasks 
left off of the original work plan.  Budget will need to be reallocated to cover this 
variance. 
 
The LCLS Schedule Performance Index (SPI) and Cost Performance Index (CPI) are 
0.77 and 0.95, respectively.   For FY03, there is no explicit contingency reserve for LCLS 
as funds are fully committed. 
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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 Oct-03
Mgmt-m7 Risk Management Plan Complete Jan-04
Mgmt-m8 Preliminary Safey Assessement Document Submitted Jan-04

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

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

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

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

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

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

 1.8 / Conventional Facilities
CnF-m2 CF Criteria/Bldg Prgram Complete Sep-03
CnF-m4 CF Title I A/E Contract Awarded Oct-03
CnF-m6 CF Advance Procurement Plans Complete 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. 
 


