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LCLS Project Summary 
 
 
Good technical progress continues across the LCLS Project.  Injector, Linac and 
Undulator subsystems have added engineering staff and continue to refine the 
design of the LCLS.  The Undulator subsystem, in particular, has added 
significant staff to transition from conceptual layout to full engineering design and 
address outstanding technical challenges of the Undulator. 
 
An advertisement soliciting interest in the Architectural and Engineering (A&E) 
services for LCLS was publicized, and a number of interested parties have 
responded with interest.  The A&E award is scheduled for October 2003.  
 
With the approval of LCLS Long-Lead Procurements (CD-2a) for fiscal year 
2005, LCLS has established an earned-value system based upon a set of interim 
milestones for its Project Engineering and Design (PED) funds.  This milestone 
reporting system will provide performance data on LCLS until the full resource-
loaded LCLS cost/schedule baseline is available.  Earned-value performance, 
variances and indices are shown in the Cost and Schedule Performance Section, 
along with a list of the L2 (DOE) milestones.  For the month ending July 2003, 
LCLS has scheduled work (BCWS) of $2.23M, and accomplished work (BCWP) 
of $2.12M, with actual costs (ACWP) reported as $1.96M.  Actual costs are being 
collected and reported monthly to the LCLS Project Office at SLAC, and the 
remaining FY03 LCLS funds will be allocated to the partner Laboratories (ANL, 
LLNL, SLAC) shortly. 
 
The LCLS Project Office has added a team of four professionals from Applied 
Integration Management (AIM) to assist Subsystem Managers in developing the 
full resource-loaded Work Breakdown Structure (WBS) for the LCLS project.  
This will provide the cost, schedule and resource basis for setting the 
performance baseline of the LCLS.  
 
In anticipation of LCLS becoming a separate division of SLAC, ten offices have 
been reserved for LCLS personnel at SLAC in Building 280B.  Approximately 
twenty additional offices are necessary in order for the LCLS team to be centrally 
located.

 2



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

 
Technical Progress 

 
 
WBS 1.1       Project Management 
 
For July 2003, the main emphasis of LCLS Project Management has been to 
establish the functions of a Project Office and prepare the LCLS team for a CD-
2b review in March 2004.  Below are some highlights of our recent progress;  
 
Project Management Control System (PMCS) – LCLS has retained the services 
of Applied Integration Management (AIM) to provide support in establishing a 
functional PMCS for the LCLS Project.  AIM has provided a team of four persons, 
led by Jeff Chan.  AIM has extensive experience in setting up PMCS for large 
DOE projects that comply with DOE Order 413.3.  Jeff, in particular, has 
experience with setting up and managing the PMCS for the GLAST and SPEAR 
III projects at SLAC.  Primavera (P3) has been chosen as the scheduling tool for 
the LCLS Project with COBRA as the cost accounting software. 
 
Work Breakdown Structure (WBS) – The AIM team plans to begin translating the 
LCLS WBS from its current form in MS Project to Primavera (P3).  The WBS 
schedule will be fully integrated and resource-loaded.  Current plans call for a 
draft resource-loaded schedule for the LCLS in late September 2003. 
 
Milestones – With the approval of CD-2a, LCLS has established an interim set of 
Level 3 (LCLS) and Level 2 (DOE) milestones in preparation of CD-2b.  A copy of 
the milestones is attached to this report.  Each Level 3 milestone has an 
associated dollar value to be used for earned-value (EV) reporting.  Though a 
primitive system, this milestone EV reporting should provide real feedback on the 
progress of LCLS as it prepares its full performance baseline (CD-2b). 
 
Procurement – With Long Lead Procurement (LLP) budget approved for FY05, 
LCLS has negotiated with SLAC to assign a Senior Procurement Officer, Janet 
Adams, who is matrixed into LCLS from SLAC Business Services, as the single 
point of contact for LCLS project procurements.  Janet will initially provide advice 
on planning and strategy on large procurements, and later provide support and 
advice as LCLS prepares its Advanced Procurement Plans. 
 
Office Space – The LCLS has secured ten offices in B280 which will be the 
primary location for LCLS personnel during the construction of LCLS.  As LCLS 
continues to ramp up staff in preparation for the full construction phase, at least 
twenty additional offices will be needed.  To facilitate the planning and 
organization of the LCLS, additional space is B280 is the preferred solution. 
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Personnel – The LCLS group at SLAC is recruiting talented individuals for the 
LCLS engineering and construction effort.  The positions and their respective 
assignments are; 
 

• Administrative Aide (Project Office).  To provide overall administrative and 
logistical support for the LCLS group in B280.  This position is expected to 
evolve into an Administrative Assistant to Associate Director John 
Galayda, once LCLS is a separate division of SLAC. 

• Optical Engineer (Injector).  To provide support for the layout of the Drive 
Laser for the Injector. 

• Controls Engineer (Injector).  To provide controls programming and design 
for the LCLS Injector.  This position may evolve into controls programming 
for all of LCLS.  

• Mechanical Engineer (Linac).  To provide support for the overall Linac 
layout and detailed design decisions on the Linac beam dump and 
articulating chicanes. 

 
Project Management Plan – A Project Management Plan (PMP) for the LCLS is 
being prepared.  A draft copy is planed for distribution in late September 2003. 
 
 
WBS 1.2       Injector Subsystem 
 
Injector Layout – Nominal beam energy for the injector has been redefined at 135 
MeV, having been lowered from 150 MeV.  The lower energy was chosen to 
reduce the accelerating gradient in the L0-2 section to less than 25 MV/m and 
avoid excessive field emission from the linac section and increase the 
operational reliability.  In addition, two quadrupoles have been placed between 
L0-1 and L0-2 to control the beam size through L0-2 and into the matching 
quadrupoles. 
 
Physics design for the gun e spectrometer is nearly complete, and the 
engineering of the vacuum chamber with wakefield mitigation is in progress.  The 
spectrometer has been designed to allow energy measurements with both high 
resolution and large energy spread. 
 
Mechanical Engineeering/Design – For the linac section supports, it was decided 
to modify the existing SLAC design which already meets the mechanical stability 
and earthquake proof requirements.  The engineering is complete and the 
drawings are in progress. 
 
Similar to the linac section supports, existing SLAC 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. 
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120 Hz RF Gun – Thermal analysis of the 120 Hz LCLS gun indicates the 
thermal distortions can be controlled by regulating the water temperature to keep 
the gun body temperature constant.  
 
Alan Todd from Advanced Energy Systems (AES) visited SLAC on July 17 to 
discuss their possible engineering and fabrication of the 120 Hz gun.  AES has a 
wide range of experience building accelerator components including s-band 
guns.  The LCLS injector group will write a gun design specification document 
which will be sent to AES for a budgetary and delivery schedule quotation.  This 
information will be used to develop the acquisition plan for the 120 Hz gun. 
 
The RF gun prototyping effort during the past few months has concentrated on 
the installation and testing of a magnesium cathode, which has higher quantum 
efficiency than copper.  The higher quantum efficiency will lower the technical 
risk of the drive laser.  However since magnesium is expected to have a larger 
thermal emittance than copper, it is important to measure the emittance in the 
LCLS prototype gun at the Gun Test Facility (GTF).  The gun with the new 
magnesium cathode has been conditioned to 105MV/m and beam tests are 
about to begin. 
 
During the month of July the GTF drive laser experienced problems with the 
regenerative amplifier which delayed the scheduled beam tests.  The usual 
maintenance schedule of rod and flash lamps changes was complicated by the 
departure of the laser operator and various component failures.   

RF – Measurements during the past year have shown that the SLAC Linac 
frequency reference requires a lower phase noise to achieve the 70fS rms jitter 
required for LCLS beams to reliably obtain the short bunch lengths.  Wenzel 
Corporation has offered to build low noise oscillators for the LCLS project.  The 
phase noise levels of these oscillators are lower than any test equipment at 
SLAC.  With the arrival of the oscillators, one of them will be installed in the front 
end of the linac and the other two will be used for testing and development for 
low phase noise RF systems. 
 
Solid State Sub-Boosters (SSSB) to drive the 5045 klystrons are under 
development.  160W bipolar transistors have been purchased.  A prototype 
board to determine the matching circuit for the transistor has been laid out and 
will be sent out for fabrication next month.  The SSSB are required to individually 
control each klystron and will allow pulse to pulse feedback for stabilizing the RF. 
 
Instrumentation and Controls – Physics, controls and engineering for the wire 
scanners are nearly complete.  Two of the wire scanners will be modifications of 
existing SLAC designs. 
 
The physics and engineering for the BPM’s are complete and the drawings are 
near completion.  Existing SLAC stripline designs will be used with some 
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modification in locations where space is tight, such as the gun to linac region.  
Effort is still needed to define the controls interface and data acquisition system. 
 
The locations of the injector toroids have been defined and the plan was to 
modify an existing SLAC design.  However a new commercial device has 
become available which is being considered for the injector.  This toroid has a 
much smaller insertion length than the SLAC design, making it attractive in 
places where space is a premium, as in the region between the gun and linac, 
and between the two linacs.  A cost and technical comparison of the SLAC and 
commercial toroids is in progress. 
 
The physics and engineering design for the Bunch Length Monitors is complete 
for the transfer line optics, the vacuum chamber, crystal holder and in-vacuum 
mirrors.  Drawings are complete for the transfer line and the vacuum chamber.  
The transfer line has been fabricated and is installed.  The vacuum chamber, 
crystal holder and actuator mechanism are in fabrication.  The layout for the 
polarization optics near the vacuum chamber is being finalized. 
 
Personnel – A new laser operator/technician has been hired and should start 
working full time in September.  In the meantime, the laser manufacturer 
(Positive Light) was called in to fix the amplifier.  The drive laser system is now 
operational and beam tests are expected to begin again in August. 
 
The injector has listed a job posting for an optical/laser engineer to aid in the 
design and construction of the injector drive laser.  The engineer will support the 
lead laser physicist and the interface with the various laser vendors.  He/she will 
also perform engineering designs for the various injector optical systems. 
 

 
WBS 1.3       Linac Subsystem 

 
Linac System – Critical interface issues were defined including modifications to 
Dog Leg One (DL1) and the Main Dump design to resolve beamline height 
questions and to accommodate possible future upgrades.  Modifications to the 
Dog Leg Two (DL2) and Main Dump design were also explored to establish the 
undulator and experimental hall height relative to the SLAC accelerator beamline 
height and to accommodate possible future expansion.  
 
A comprehensive specification sheet was generated for BC1 Bend magnets. The 
specification sheet will be modified for use in collecting and organizing design 
data for all LCLS Linac Magnets. 
 
Linac Long-Lead Procurements - Engineering design optimization continued on 
the Superconducting Wiggler Magnet upstream of the second bunch compressor 
chicane. The Oxford/BNL 13 pole wiggler was ruled out due to uncertainties in 
performance at desired field and lack of availability of spares. Modification of a 
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wiggler design by BIMP for BESSY looks favorable since the recently completed 
magnet has exceeded the field required for LCLS. Preparation has begun for a 
preliminary design review on the Superconducting Wiggler system in October. 

 
Minimum aperture issues are a concern for the X-Band structure proposed 
upstream of BC1. Discussions continue on mitigating the issue. X-Band system 
cost estimates were reviewed and restructured in preparation for incorporating 
into the LCLS manpower loaded schedule.  
 
Personnel – Two Mechanical Engineers were acquired to work on the LCLS 
Linac. Mechanical layout of the bunch compressor chicanes was started. Further 
staffing issues required to complete a Linac system review and to prepare for 
CD2b.  
 
 
WBS 1.4       Undulator Subsystem 
 
Undulator Management/Organization - Recent effort has been focused on three 
areas:  

• the building of the team required to ensure that the undulator system is 
built as per the specifications;  

• establishing proper and clear interfaces with SLAC;  
• developing a proper WBS for the undulator system as per the guidance of 

the LCLS project office. 
 
Although a bottoms-up resource loaded schedule has not yet been generated it 
is clear that there were certain skill needs that required hiring of new people. To 
that effect a mechanical engineer was recently hired on full time to oversee the 
vacuum and diagnostics systems. Another mechanical engineer has been 
assigned responsibility for the magnet systems, with an additional 
electrical/controls engineer identified to lead up the effort for the undulator 
controls system.  
 
We are currently looking for a post doctoral candidate to help offset some of the 
effort required in the design of the x-ray diagnostics system. We will have a much 
more clear idea of resource skill needs once the loaded schedule is completed. 
At present we are drawing from people within the existing technical groups of the 
APS. 
Following up from the May DOE review, regular monthly visits to SLAC have 
been implemented. During these visits, many one-on-one and item specific group 
discussions regarding the undulator system and the various interfaces are held, 
issues are brought up and resolutions sought. These visits have proven to be 
very valuable. Simultaneous to these, regular phone calls are being held 
between the undulator systems management and the management of the other 
subsystems (linac, x-ray beamline, conventional facilities, etc.). Regular biweekly 
meetings the APS Associate Laboratory Director were also implemented early 
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this year. So far these have been most useful as a means of reporting progress; 
however, they are intended as a means to resolve conflicts as they arise in the 
project and will be used for this purpose as the need arises. 
 
The WBS for the undulator system that was created over a year ago is not 
consistent in many aspects with the format as established by the LCLS project 
office. Nor was the construction well aligned with responsibilities. Nevertheless, it 
was used as the basis of the initial schedule and cost estimate. We are now in 
the process of completely redoing the WBS in a manner more correctly aligned 
with responsibilities. This will be used as the basis for a complete resource 
loaded, logically driven schedule and cost estimate. The plan is to have the first 
draft of this by the end of September 2003. 
 
Undulator Magnet System - Last year the first full-length undulator prototype was 
completed and measured. These showed that the magnet could meet the 
performance specification of the project if the temperature was controlled to 
within +/-0.2 degrees Celsius. Because this is considered too difficult to achieve 
within the radiation enclosure, efforts were expended to come up with solutions 
that are integral to the undulator magnet system. This has resulted in the design 
of phase correction end poles that can compensate the phase error induced by 
temperature changes. Ideas have also been generated to temperature stabilize 
and control the entire undulator. Although these ideas are feasible, none have 
yet been developed to the point of practical implementation. Recently another 
idea has been offered that allows us to partly shunt the magnetic fields of the 
undulator and thus provide a modest amount of field control to the fixed gap, 
permanent magnet design. This may have enough range to compensate the 
remaining temperature susceptibility without the need to resort to complicated 
and inherently slow temperature control systems. 
 
Current work is focused on solving the temperature susceptibility issue as well as 
compiling a complete report on the first prototype. This report is due to the LCLS 
project office by the end of September 2003 and will include the following: 
Detailed description of the undulator as built as well as a set of as built drawings; 
a complete description of the measurements; a detailed listing and explanation of 
“things learned” together with what needs to be done to overcome the 
shortcomings of the original prototype. Additional simulations of the effects of the 
phase correction end poles are also being performed at this time to detail out 
their impact on the SASE FEL process. 
 
Quadrupole and Corrector Magnets – A prototype of the quadrupole/corrector 
magnet was produced and measured over a year ago. Due to lack of resources 
very little additional work has been done on it since that time. The exception is 
that a slightly new style has been suggested that would allow one to completely 
remove the quadrupole magnet from the beamline during initial commissioning 
efforts. Also there have been some preliminary discussions with people from the 
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Next Linear Collider collaboration as they have similar requirements for 
quadrupole magnets. 
 
Vacuum/Diagnostics – The design specifications for the LCLS forces one to 
consider vacuum chambers with very small inner diameters, and these small 
diameters lead to a number fundamental considerations regarding the 
conductivity of the chamber walls and their smoothness. An engineer has been 
doing development and testing of a number of vacuum chamber fabrication and 
coating schemes. At present none of the tubes meet the tight tolerances of the 
LCLS. Their electrical conductivities are fine; however, the best surface 
roughness measured is about 2 times that required for the LCLS. Work will 
continue on this topic until a suitable solution is found. This engineer is also 
requesting input from those at SLAC that had earlier experience with the design 
effort of the vacuum chamber. 
 
The recently hired ME will be responsible for overseeing the mechanical details 
of all diagnostics system including the electron beam diagnostics. The APS 
diagnostics group was not able to free up essential personnel to oversee the 
electron beam position monitor (BPM) development, but the SLAC BPM 
specialists are willing to do this and ANL will do the mechanical design. 
 
Easy exchange of drawings is essential for the inter-laboratory model to work. 
Engineers from both SLAC and ANL have recently begun discussions to ensure 
compatibility on all drawings. This will begin with the BPM system. 
 
A physicist was recently freed from the APS diagnostics group to begin 
concentrating on formalizing a physics design for the complex x-ray diagnostics 
system. We are also looking for an additional physicist to focus on this area. The 
mechanical design will be handled by the new ME. Talks between the ME and 
physicist have just started. 
 
Machine Protection - In order to prevent damage to the permanent magnets of 
the undulators one must limit the radiation dose they are exposed to. A machine 
protection system must be designed and developed to limit beam strike damage 
to these permanent magnet systems. Only a very preliminary design of such a 
system has been completed to date. Effort resources will be assigned to this 
once the scope is understood. 
 
Controls - An extensive suite of software and interface devices will be needed for 
the undulator control system. An early attempt was made at identifying all 
required controls needs and this was used as a basis of the initial cost estimate. 
In the course of developing the resource-loaded schedule we are now beginning 
to go back to reevaluate these needs and the resources required to achieve 
them.   
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WBS 1.5       X-ray Transport Subsystem 
 
Most of the work in the mechanical and vacuum sector consisted of preparing for 
and participating in the Conventional Facilities Front-End Enclosure (FEE) review 
held July 27, 2003 at SLAC. An AutoCAD drawing of the Transport System was 
prepared showing the location and power consumption of the vacuum system 
power supplies and other instrumentation associated with the components. The 
drawings show a potential conflict between the location of the dump magnets and 
the fast valves, fixed mask and slit given a 40 m length for the FEE. The FEE 
conventional facilities review is complete and work will proceed on the utilities for 
the experimental halls and tunnels. 
 
Work on the Draft Resource Cost and Schedule was begun in July. The work in 
July consisted of developing milestones consistent with the FY03 task and 
spending plan. This work was presented at the LCLS Management meeting on 
July 14, 2003. A spending plan for FY04 was developed in this format and 
submitted. Some resources were devoted to recruiting and interviewing potential 
candidates for project positions in FY04. 
 
Work on the design review in July concentrated on the analysis of LCLS 
prototype sensor data collected in the SPEAR runs of November 2002 (Direct 
Imager), January 2003 (Pulse-Length Sensor), February 2003 (Direct Imager & 
Optics), and March 2003 (Pulse Length Sensor).  In July the data from the 
November run was put into the same common data base format as the other 
runs to allow a common analysis for all runs. The first common analysis was 
done in July and consisted of determining a photon flux for each image in each 
run utilizing data from the ion chamber if available. For the images with out ion 
chamber data the photon flux was determined through an analysis of SPEAR 
currents. 
 
Other work in support of the design review consisted of structural changes in the 
Monte Carlo to connect it to the database. 
 
 
WBS 1.6       X-ray Endstations Subsystem 
 
During this month responsibility for the budgets and schedule of WBS section 1.6 
was transferred from J. Hastings to J. Arthur.  The activity during the month 
consisted of bringing Arthur up to speed on the current status, and development 
of project milestones for 1.6. 
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WBS 1.7       Conventional Facilities 
 
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. 
 
The geotechnical study has also been completed.  The study was based on five 
boring samples taken throughout the LCLS project site in addition to existing site 
relevant research data gathered.  Some of the highlights of the study included 
the geology and seismicity of the site, subsurface conditions, groundwater 
conditions, means and methods for tunnel construction, cost comparisons 
between cut and cover or tunneling.   
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LCLS Cost and Schedule Performance 
 

 
Cost/Schedule Status Report 

 
Project Name/No: Report Period: Signature:
LCLS Project 6/30/2003 7/31/2003 Title/Date: 8/20/2003

Performance Data
Cumulative to Date At Completion

1.1 / Project Management $1,039 $971 $785 -$68 $185 $2,700
1.2 / Injector $397 $365 $413 -$32 -$48 $1,850
1.3 / Linac $179 $58 $100 -$120 -$42 $1,125
1.4 / Undulator $232 $306 $301 $74 $5 $1,500
1.5 / X-ray Transport $262 $303 $343 $41 -$39 $1,312
1.6 / X-ray Endstations $25 $29 $0 $4 $29 $350
1.7 / Installation and Alignment
1.8 / Conventional Facilities $95 $84 $14 -$12 $69 $700

Gen. and Admin.
Undist. Budget $0
Sub Total $2,228 $2,116 $1,957 -$113 $159 $9,537
Management Resrv.
Total $2,228 $2,116 $1,957 -$113 $159 $9,537

Contract Type/No:

Schedule Cost

Actual Cost 
Work 

Performed
VarianceWork 

Scheduled
Work 

Performed

WBS / Subsystem
Budgeted Cost Variance

Budgeted
Latest 

Revised 
Estimate

 
 
 

Cost/Schedule Narrative 
 
For July 2003, LCLS is making its first cost and schedule report using an earned-
value (EV) system.  The current EV system is based upon a set of milestones, 
with assigned dollar values (PED funds only), that are consistent with defining a 
performance baseline (CD-2b) for the LCLS project in March 2004.  This EV 
system will track progress on the LCLS until the full resource-loaded WBS is 
approved for use by the LCLS Project Office (est. Dec 2003). 
 
For July 2003, LCLS is reporting a Schedule Variance of ($113K) and Cost 
Variance of $159K against its baseline plan.  The LCLS Schedule Performance 
Index (SPI) and Cost Performance Index (CPI) are 0.95 and 1.08, respectively.  
The Linac subsystem reports the largest SV ($120K) due to slower than planned 
progress in (1) preparing for the Linac Design Review and (2) the Linac draft 
resource-loaded schedule.  Additional resources have been added to the Linac 
group to recover schedule.   
 
The positive CV and CPI suggest a lag between work accomplished and the 
recording of actual costs.  Over the next few months, these indices should 
converge as the reporting of actual costs for the LCLS project becomes more 
routine.  There is no explicit contingency reserve for LCLS as funding plans 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 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

 1.8 / Conventional Facilities
CnF-m2 CF Criteria/Bldl Prgram Complete 30-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 Definitions 

 
The following acronyms are used in the management of the LCLS Project.   Many of these 
terms are related to cost and schedule performance which are not provided as formal 
definitions for any/all cost and schedule systems, but are defined here as they apply to 
LCLS. 
 
 
ACWP (Actual Cost of Work Performed).  Actual cost (in $) reported through the LCLS cost 
accounting system up to the present date for a specific WBS#, subproject, or project. This 
number is not derived, nor an estimate, but contains the actual costs incurred to date. 
 
AY$ (Actual Year Dollars).  Dollars in the year spent.  Provides an estimate of out-year 
expenditures while considering inflation estimates.  LCLS uses the escalation rate assumptions 
for Energy Research projects as recommended by the DOE. 
 
BA (Budget Authority).  Cumulative funds currently allocated and authorized by the Department 
of Energy that may be committed and spent by LCLS for project-related activities. 
 
BAC (Budget at Completion).  The total estimated cost (in $) of the project at completion for a 
given subproject, or project.  This is the budgeted cost of the project and does not include any 
actual costs or the contingency estimates. 
 
BCWP (Budgeted Cost of Work Performed).  A measure (in $) of the amount of planned work 
for a specific WBS#, subproject, or project that has been physically accomplished up to the 
present date. This number is based upon the % complete for each active task in a subsystem 
project file. 
 
BCWS (Budgeted Cost of Work Scheduled).   A measure (in $) of the amount of scheduled 
work in the project up to the present date for a specific WBS#, subproject, or project.  This 
number is derived from the estimated cost of the planned work to date in a subsystem project file. 
 
CPI (Cost Performance Index) = BCWP/ACWP.  A measure of the Actual Cost of Work 
Performed (actual invoices) versus the Budgeted Cost of Work Performed (% complete estimate).  
Values greater than 1.0 represents a ‘cost under run’ condition, and values less than 1.0 
represent a ‘cost over run’ condition. 
 
CV (Cost Variance) = BCWP – ACWP.  The difference (in $) between the estimated value of 
work performed and the actual cost expended for a specific WBS#, subproject, or project.  A large 
positive number may indicate that the work is not being invoiced in a timely manner.  A large 
negative number may indicate that the cost is overrun or will likely overrun in the future. 
 
LCLS (Linac Coherent Light Source) – A X-ray Free Electron Laser (XFEL) facility to be built at 
SLAC based upon the existing Linac.  The LCLS will deliver a source of x-ray radiation with 
unprecedented brightness and pulse duration, and will be the first XFEL in the world operating in 
the 1.5-15 Angstrom wavelength range. 
 
PED (Project Engineering and Design) – Funding used to support the engineering and design 
effort for the LCLS. 
 
SPI (Schedule Performance Index) = BCWP/BCWS. A measure of the Budgeted Cost of Work 
Performed versus the Budgeted Cost of Work Scheduled for any given WBS#, subproject, or 
project. 
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SV (Schedule Variance) = BCWP - BCWS.  The difference (in $) between the value of physical 
work performed (BCWP) and the value of the work planned (BCWS) for any WBS#, subproject, or 
project. 
 
WBS (Work Breakdown Structure) – A method of hierarchically numbering tasks in a traditional 
outline numbering format.  The WBS provides a basis for developing a work plan for the LCLS 
which is used to track all resources, schedules, and costs.  A WBS# is one of the outline numbers 
that is used in the subproject for tracking. 
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