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SECTION 1 

INTRODUCTION 

 
1.1 LCLS CONVENTIONAL FACILITIES OVERVIEW 
 

Stanford Linear Accelerator Center (SLAC) is a federally-funded laboratory 
operated for the US Department of Energy by Stanford University.  Stanford 
University is soliciting bids for Architectural/Engineering (A/E) design services 
required to construct the conventional facilities of the Linac Coherent Light 
Source (LCLS) on the SLAC site (See Figure 1).  This document describes 
guidelines for the A/E design of the LCLS conventional facilities, which proposes 
construction of the following principal elements: 

 
• SLAC Research Yard Modifications – To facilitate the construction of the 

Beam Transport Hall in the SLAC Research Yard, it is necessary to modify a 
number of buildings and underground utilities, and to demolish and remove 
the Final Focus Test Beam (FFTB) Facility.  An overpass roadway must be 
constructed to allow vehicular access to both the north and south sides of the 
SLAC Research Yard.  

 
• Beam Transport Hall (BTH) – A tunnel-like structure crossing the SLAC 

Research Yard that will house the LCLS electron beam line. 
 

• Undulator Hall (UH) – The UH is a tunnel-like section designed to house 
approximately 33 specially-designed undulator magnets, which extends from 
the BTH to the Front End Enclosure (FEE).  The Undulator Hall has tight 
alignment constraints, which places stringent requirements on its foundation 
and temperature stability. 

 
• Front End Enclosure (FEE) – The FEE will house varied optics and electron 

beam separation components and is located immediately downstream of the 
Undulator Hall.  The Front End Enclosure is forty meters in length and has 
environmental requirements similar to those for the Undulator Hall.  

 
• Electron Beam Dump Enclosure (BDE) – The BDE is a high radiation 

enclosure which contains a beam dump designed to absorb the energy of the 
LCLS electron beam.  The BDE is immediately downstream of the FEE and is 
approximately eight meters square in cross-section. 

 
• Near Experimental Hall (NEH) – The NEH is the first of two experimental 

facilities, and is located immediately downstream of the Electron Beam Dump 
Enclosure.  The proposed building site is approximately 33 meters in length 
with a ground floor level approximately seven meters below existing grade. 
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• X-Ray Transport and Diagnostics  Tunnel (XDT) – The XDT is a 290-meter 
long tunnel section that extends from the NEH to the Far Experimental Hall 
(FEH), which will house specially-designed optical equipment. 

 
• Far Experimental Hall (FEH) – The FEH is the second experimental facility, 

and is located approximately 290 meters downstream from the NEH.  The 
FEH extends approximately thirty meters in the direction of the beam and is 
approximately eighteen meters wide. One of the principle design challenges of 
the FEH is that its finished floor will be approximately 27 meters below 
existing grade. 

 
• Central Lab Office Complex (CLOC) – The CLOC will be constructed to 

house the research offices and laboratory space for the LCLS users, scientific 
and support staff.  The CLOC footprint is envisioned to be approximately 
fifty-five meters long and thirty-five meters wide, but is not constrained by 
LCLS technical requirements. The CLOC should be architecturally attractive 
and moderately landscaped, with parking provided adjacent to the CLOC.  
The proposed location of the CLOC is on grade and adjacent to the east edge 
of PEP Ring Road. 

 
 
1.2 THE LCLS PROJECT 
 

The primary purpose of the LCLS Project is to create a research facility delivering 
coherent laser radiation in the x-ray region of the electromagnetic spectrum ten 
billion times greater in peak power and peak brightness than any existing x-ray 
light source.  Utilizing the phenomenon of Self-Amplified Spontaneous Emission 
(SASE), the LCLS will provide the world’s first demonstration of an x-ray free 
electron laser (FEL) in the 1.5–15 Angstrom (Å) range and exploit the 
extraordinary, high-brightness x-ray pulses as a powerful tool for research 
spanning such areas in the physical and life sciences as: 
 

• Atomic physics 
• Plasma physics 
• Structural studies on single particles and biomolecules 
• Femtosecond chemistry 
• Studies of nanoscale dynamics in condensed matter physics 
• X-ray laser physics 

 
The short duration of the LCLS pulse (230 femtoseconds and shorter) provides an 
opportunity to observe the ultra-fast processes of atomic transition, chemical bond 
formation and breaking, and transitions in condensed matter structures.  This short 
pulse allows the LCLS to in effect, function as a stroboscopic flash for freeze-
frame photography of atomic, molecular and nanoscale structures as they evolve. 
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The SLAC site has been determined the ideal location for the LCLS Project as it 
leverages the capital investments of the existing SLAC linac as well as advanced 
accelerator technologies in radio-frequency photocathode guns.  The LCLS 
Project requires a 135 MeV injector to be built at Sector 20 of the 30-sector 
SLAC linac to create the electron beam required for the x-ray FEL.  The last one 
third of the linac will be modified by adding two magnetic bunch compressors.  
Most of the linac and its infrastructure will remain unchanged.  The existing 
components in the Final Focus Test Beam tunnel will be removed and replaced by 
a new 130 meter undulator and associated equipment.   
 
The Total Project Cost of the LCLS Project is estimated in the range of $265-
315M (R&D, construction, commissioning and start-up), with LCLS operations 
commencing in October 2008. 

 
 
1.3 SERVICES REQUIRED 
 

A. Definitions of Title I thru Title III Effort∗ 
 
 1. Title I Design – The Title I or “preliminary” design phase further 

develops the conceptual design as well as the information 
contained herein to include engineering studies and analyses, risks, 
preliminary drawings and engineering specifications, cost and 
schedule estimates, and life cycle cost estimates.  This phase will 
require the resources to consume up to a third of the engineering 
effort.   

 2. Title II Design – The Title II phase commences after approval of 
the Title I design by the DOE.  Title II or “definitive” design phase 
covers the preparation of final working drawings, specifications, 
bidding documents and firm construction and procurement 
schedules.  At the end of Title II, construction and procurement 
contracts will be released to subcontractors to bid.  

 3. Title III Activities – Title III activities cover the receipt, 
inspection, assembly, and test of the project facilities and 
hardware, as well as any changes that are required during 
construction or assembly.  Final as-built drawings, manual, and 
other documentation of the facility are also prepared as part of 
Title III.  At the end of Title III the project is ready for activation 
and operation by the operations staff.    

 
B. A&E Scope of Services 

 
The selected A/E firm shall comply with the requirements of AIA 
Document B141, and shall be responsible for providing adequate resources 
to perform the services as described within this document to include Title I 

                                                 
∗ Reference: DOE Order 4301-1 
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and Title II.  Title III services shall be limited to a support role to SLAC 
unless indicated otherwise. 

 
The following highlights the services that the A/E will be required to 
perform: 

 
1. Refine, clarify, and define the LCLS conventional facilities project 

description, data and requirements as necessary to develop Title I and 
Title II designs.  Respond to all SLAC’s review comments and resolve 
outstanding design issues at the various phases by taking appropriate 
action in the design of the project. 

2. Provide complete construction contract documents with professional 
seals and signatures of California licensed architects and engineers 
(Civil, Structural, Mechanical, Electrical and Plumbing). 

3. Assure that the construction contract documents (drawings and 
specifications) are in conformance with generally accepted 
architectural and engineering practices and comply fully with all 
applicable codes and regulations including, but not limited to local 
building codes and the Uniform Federal Accessibility Standards. 

4. Provide project specific building construction specifications in 
Construction Specification Institute (CSI) format which reflect current 
requirements, standards and product availability.   

5. When and where applicable, develop and prepare construction 
documents for Erosion and Sediment Control Plan and a Storm Water 
Management Plan.  Obtain SLAC Environmental Safety & Health 
approvals. 

6. Review and validate SLAC’s total estimated project cost. 
7. Provide a presentation to the SLAC Seismic Review Committee and 

obtain committee approval for structural design in compliance with 
committee guidelines and requirements. 

8. Provide services through the construction phase, including, but not 
limited to: 
• Assist and review shop drawings and submittals 
• Validation of construction field change orders  
• Assist in determining the validity of all construction field change orders 
• Provide clarification and responses to questions about the construction 

documents 
• Provide recommendations on proposed substitutions of materials and 

equipment 
9. Provide services to assist in the coordination of beneficial occupancy 

to comply with construction documents 
10. Provide architectural renderings of Research Yard (view looking east 

toward the berm with an emphasis on the start of the undulator hall as 
it relates to the modified north road access); Near Experimental Hall; 
Central Lab Office Complex. 
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11. Provide electronic version of final as-built documentation after receipt 
of hard copy mark-ups from general contractor. 

 
 

C. Deliverables 
 

1.   During and at the completion of the Title I phase, it is expected 
that the following items would be provided as deliverables: 

 
• Drawings  
• Specifications  
• Site Studies and Analysis 
• Adjacency Studies 
• Code Analysis 
• Site Analysis 
• Basis of Design Document Report 
• Construction Cost Estimate 
• Value Engineering Analysis 
• HVAC Commissioning Plan 
• Fire Protection Analysis Report 
• Rendering 
• Engineering Calculations 
• Descriptive materials as requested by SLAC for project-related 

reviews (DOE, SLAC Safety, SLAC Radiation, etc.). 
 
2.   At the completion of the Title II phase, it is expected that the 

following items would be provided as deliverables: 
 

• Bid Documents (drawings and specifications) 
• Construction Cost Estimate (revised) 
• Long Lead Conventional Facilities Equipment List 
• Construction Schedule 
• Material Sample Board 
• SLAC Radiation Physics Approval (in writing) 
• SLAC Seismic Committee Approval (in writing) 

 
D. Cost Control During Design 

 
During the design phase there must be an on-going combined effort to 
pursue a high-quality yet cost-effective construction design for the LCLS 
conventional facilities.  During Title I development, and again during Title 
II, the A/E shall provide detailed construction cost estimates to ensure that 
construction costs are controlled during the design phase.  Title I will also 
include a value engineering exercise to ensure that the design is optimized to 
the needs of the LCLS users and budget. Cost estimates will be reviewed by 
SLAC with the intent to not exceed the planned budget. 



LCLS Architectural/Engineering Design Guidelines                                                                                  October 9, 2003 

 

 6 

.            
E. CAD Requirements 
 

1. LCLS Conventional Facilities design drawings shall be drawn to 
scale and prepared with CAD software Micro Station Version V8.1 
or compatible (i.e. AutoCAD 2002).  Drawings shall conform to 
SLAC standard drawing format using SLAC assigned drawing 
identification numbers.   

2. Names for all drawing files shall conform to the file naming 
convention established by SLAC.  

 
F. Drawing Submission  
 

The final drawing submission for Title I, Title II and Title III shall be 
provided electronically (CD-ROM)  as well as four full-size paper copies.  
The specifications shall be bound, double-sided on recycled paper.  
Electronic copies are not necessary during intermediate drawing reviews.  
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SECTION 2 
PROJECT DESCRIPTION 

 
2.1 GENERAL LCLS SITE-WIDE SPECIFICATIONS 
 

The LCLS Project will reside entirely on the SLAC site (See Photo 1 for the 
overall layout of the LCLS).  All LCLS Title I and Title II design activities will 
be in accordance with the Environmental, Safety and Health policies at SLAC, 
Stanford University and all applicable federal, state and local requirements.   

 
Sustainable building design principles will be applied to the siting, design, and 
construction of the LCLS tunnels, experimental halls, and office facilities.  
Standard practices, including the use of recycled material, purchase of energy-
efficient and water-efficient equipment, and substitution of less hazardous 
materials shall be utilized as much as practical. 
 
All landfill removed during the LCLS excavation must remain on the SLAC site 
at a location(s) that is amenable to the SLAC landscape and minimizes erosion.  
Prior approval of the SLAC ES&H is required prior to relocating any land fill. 
 
Additional specifications to be applied to the LCLS conventional facilities design 
are as follows: 

 
A. Seismic Criteria 

 
The SLAC site requires enhanced performance as a supplement to the 
standard Uniform Building Code (UBC) requirements for seismic zone 4.  
This requirement calls for the use of the 1997 UBC with site-specific 
spectral acceleration. Buildings and structures must have a minimum 
Seismic Performance Level of 7.0 (emergency and hazardous facilities at 
SLAC must have a minimum Seismic Performance Level of 8.5).  The 
enhanced performance base design requirements can be located as 
Appendix 3 “Specification for Seismic Design of Buildings, Structures, 
Equipment, and Systems at the Stanford Linear Accelerator Center” which 
can also be found at http://www.slac.stanford.edu/esh/techbas/seismic.pdf 

 
B. Radiological Criteria 
 

LCLS radiological specifications require a high level of expertise in 
radiation shielding and access to specialized source codes that is typically 
unavailable to most A/E firms and/or consultants.  In addition, as the 
LCLS project will be integrated into the existing SLAC infrastructure, the 
overall geometrical and material specifications for the radiation areas of 
the LCLS project (wall thicknesses, materials, labyrinth footprints, etc) 
will be specified by SLAC during Title I and provided to the A/E firm. 
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The A/E firm shall produce Title II designs that preserve the radiation 
shielding characteristics specified by SLAC during Title I.  Departures 
from the overall SLAC specifications shall be reviewed on a case by case 
basis.  The completed Title II design must be reviewed and approved by 
the SLAC Radiation Safety Committee. 

 
The SLAC radiation technical document can be located at 
http://www.slac.stanford.edu/esh/techbas/rss/rss.pdf  (or see Appendix 
10). 
 

C. Tunneling Background and Criteria  
 

1. LCLS proposes the use of tunneling as a means to excavate the 
Undulator Hall and X-Ray Transport and Diagnostics Tunnel.  The 
Far Experimental Hall, at approximately 70 feet below grade is 
also a candidate for a large tunnel or underground cavern structure.   

 
2. Throughout the design process for all tunnel and underground 

structures, the utmost consideration must be given to safety and 
mitigation of hazards associated with confined spaces.  All 
temporary and permanent underground structures must be designed 
in accordance with applicable mine safety guidelines.  Blasting 
should not be viewed as a primary form of ground removal, and if 
necessary, will require special approvals. 

 
3. A geotechnical study (Appendix 4 and 5) conducted on the planned 

LCLS site has found that the geological region consists entirely in 
the Miocene Ladera Sandstone that underlies the Santa Clara 
Formation, and indicates generally favorable conditions for this 
scope of this project.  Based upon the geotech study, it does not 
appear that the tunnel will encounter any squeezing, running, 
flowing or swelling characteristics, and no major or minor faults 
were encountered traversing the site.  The tunneling ground is 
categorized as “firm” to “slowly raveling”. 
 

4.   Two existing tunnels (PEP and SLC tunnels, Appendix 6 thru 9.7) 
cross under the proposed LCLS beamline by 6 meters (20’) and 
16.7 meters (55’), respectively. 
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D. SLAC Utilities Locations 

The A/E firm shall confirm and identify the required utilities including the 
capacities required.  The SLAC Site Engineering & Maintenance (SEM) 
Department will identify the tie-in locations (see Figure 9, 5 sheets).    
 
1. Research Yard Utilities Available: 

• Electrical – locate from bldg #004 
• Grounding – located throughout Research Yard  
• Fire Alarm System– located in bldg #113 
• Domestic Water – located throughout the Research Yard 
• Sanitary Sewer - located throughout the Research Yard 
• Compressed Air – available at bldg #404 
• Storm Drain - located throughout the Research Yard 
• Low Conductivity Water – cooling tower #1801 

 
2. Pep Ring Road Utilities Available: 

• Electrical – locate from bldg #750 or #620 
• Grounding – located at Pep Ring Road 
• Fire Alarm System – locate from bldg #750 or #620 
• Domestic Water – located at Pep Ring Road 
• Sanitary Sewer - located at Pep Ring Road 
• Compressed Air – located at Pep Ring Road 
• Storm Drain - located throughout the Research Yard 
• Low Conductivity Water – located at Pep Ring Road 

 
E. SLAC Site Access Criteria  
 

Throughout the design process for all buildings and structures, 
consideration must be given to the logistics during the construction phase.  
Construction and utility (electricity, water, air. etc.) activities must 
anticipate temporary constraints on any work in the SLAC Research Yard, 
as this work must be coordinated with the operations schedules of current 
experimental programs.  It shall be the responsibility of the A/E firm to 
schedule all SLAC site visits in coordination with the accelerator 
operation schedule for any areas requiring entry into Linac or FFTB areas.  
Dosimeters can be obtained at Gates #17 and #30. 

 
2.2 RESEARCH YARD MODIFICATIONS 
  

A. Building Description – Within the existing SLAC Research Yard, some 
buildings will be affected as a result of the LCLS project (see Photos 4 
through 10).  In particular the following buildings to some degree may be 
impacted (see Figure 10; NOTE: “Future FFTB Beamline” is not 
applicable to this project): building #064 Final Focus Test Beam,, 
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building #113 (hi-bay portion only), building #211, building #102, various 
storage containers and trailers #204, #4031, #4079, #4080 and #4081.  In 
addition there are several utilities within the project boundaries that may 
or may not be impacted as well (see Figure 9, 5 sheets).     

 
1. It shall be the responsibility of SLAC to decommission the existing 

experimental efforts currently in operation and to provide the 
removal of the muon shielding in its entirety. 

2. Building #064 Final Focus Test Beam, and all its conventional 
components shall be removed in their entirety, including steel 
diagonal bracing, beam dump and muon shielding, footings 
foundations and utilities up to the Beam Switch Yard wall.  All 
underground utility trenches shall remain in place. 

3.  It is planned that the concrete shielding wall blocks, ceiling blocks 
and related FFTB infrastructure will be relocated on the SLAC site 
to a storage yard. 

4. Building #113 (hi-bay) (see Photo 12). Modifications shall be 
limited to the footprint of the BTH.    Modification of the BTH 
shielding may be required to control the radiation environment in 
Building 113. This should be done in a way that preserves the 
utility of Building 113. 

5. Building #211 shall be relocated (see Photo 14).  
6. Various storage containers and trailers #204, #4031, #4079, #4080 

and #4081.  These trailers shall be relocated by SLAC and 
scheduled prior to commencement of Research Yard activities      

7. An overpass roadway connecting the north and side sides of the 
Research Yard will be required.  Particular attention should be 
made to the design of the overpass as it affects the new Undulator 
Hall and its stringent vibration requirements (see Figure 1).   

8. During the construction phase the south entrance to the Research 
Yard shall remain open at all times.  The north entrance (see 
Photos 11 and 13) shall be redesigned to accommodate emergency 
vehicular traffic access to both north and south sides of the new 
BTH and the new overpass.  

9. Buildings #406 and #407 shall remain in their current locations.   
10. Building #102 demolition shall be limited to the boundaries as 

established as a result of the work related to the overpass. 
11. Building #104 demolition shall be limited to the boundaries as 

established as a result of the work related to the overpass. 
  

 
B.    Design Criteria – Any modifications shall match existing construction.   

The new overpass roadway shall conform to the existing road design. 
 

C.    Structural – See general LCLS seismic criteria.   
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D.    Mechanical – Mechanical requirements are related to the removal of said 
buildings or portions thereof. 

 
  1. HVAC – No special requirements identified. 

2.    Central Chilled Water Plant Assessment – No special requirements 
identified. 

  3.    Utility Connections – No special requirements identified.   
4.    Plumbing – No special requirements identified. 

  5.    Roof Drainage – No special requirements identified. 
6.    Fire Protection Systems – No special requirements identified. 

  
E.    Electrical – The electrical scope of work should be limited to the removal 

of any conduit, wiring, lighting, panels, transformers, etc that is related to 
removing buildings #102 and #211.   

   
  1.    Lighting – No special requirements identified. 
  2.    Power – No special requirements identified. 

3.    Signals and Communication – No special requirements identified. 
4.    Fire Alarm and Detection – No special requirements identified. 

  5.    Grounding – No special requirements identified. 
 

F.    Site Development – No special requirements identified. 
 

G. Parking – Generally conventional design, but the proposed modifications 
may have some impact on buildings #102 and #104.  It is estimated that 
the parking requirements will have minimal to no impact on the existing 
parking in the Research Yard. 

 
2.3 BEAM TRANSPORT HALL 

 
A.   Building Description – The new Beam Transport Hall (BTH) extends 

from the end of the Linac (or Beam Switchyard (BSY), see photos 2 and 
3) to the beginning of the Undulator Hall and replaces the existing Final 
Focus Test Beam (FFTB) enclosure.  The existing Linac finish floor  is 
approximately  one foot  lower than the required elevation of the new 
facility which will be at 247.25’ (see Figure 19).  The floor height 
elevation of 247.25’ will remain constant throughout the entire LCLS 
facilities.   

 
The BTH will have roughly the same general footprint of the FFTB 
extending from the BSY wall in the direction of the beam at 172 meters 
(length) x 4.5 meters (width) x 4.5 meters (height).  Current wall thickness 
using concrete is estimated at 70”. 
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B.    Design Criteria 

1. The BTH houses the electron beam and is a radiation zone.  As 
such, the BTH design shall comply with all SLAC radiological 
criteria as indicated above. 

2. A floor slab must be designed to minimize vibration as well as 
short and long-term distortion by incorporating design features 
typical of high performance light source facilities such as the 
Advanced Photon Source at Argonne National Lab or the Swiss 
Light Source.  Finish floor elevation shall be 247.25’.  The BTH 
floor shall be isolated from the SLAC Research Yard to limit 
vibration and thermal expansion. 

3. All joints shall be protected with waterproofing systems to prevent 
any water from penetrating through the roof and wall components. 

4. A barrier shall be designed to isolate the interior space of the Beam 
Transport Hall from the Undulator Hall.     

 
C.    Structural – see general LCLS seismic criteria.    
 
D.    Mechanical 

1.    General – Design of mechanical systems will conform to the DOE 
Standard 10 CFR, Part 435, UBC, UMC, UPC, Title 24 Energy 
Conservation Efficiency Standards for Non-Residential Buildings, 
and ASHRAE standards, including the latest edition of 
ASHRAE/IES Standard 90.1 

2.    HVAC – The BTH will be provided with a complete system to 
provide year-round temperature control within the established 
parameters.  The building will have a Direct Digital Control 
system to control the operation of the mechanical system and 
interface to SLAC’s present Energy Management System (EMS). 

3. The required Direct Digital Control system will be compatible with  
SLAC’s Automated Logic, System 2020, BACnet. 

  4.    Central Chilled Water Plant Assessment – see 2.3.D.1. 
  5.    Utility Connections – see 2.3.D.1.    
  6.    Plumbing – see 2.3.D.1. 

7.    Roof Drainage – A roof drainage system will be provided for the 
building and will be connected to the site storm water system. 

8.    Fire Protection Systems – The systems provided within the 
building will be supplied from the existing site water distribution 
system through a riser assembly and will consist of a fire 
department connection, tamper switches and a flow switch in 
compliance with NFPA Standard 13.  These switches will tie into 
the site fire alarm system.  

 
 



LCLS Architectural/Engineering Design Guidelines                                                                                  October 9, 2003 

 

 13 

E.    Electrical 
1.    General – The existing electrical service shall be investigated to 

determine electric power capacities.   
2.    Lighting – Design for lighting intensity similar to that presently 

found in the Final Focus Test Beam Enclosure.  All new lighting 
shall be surface mounted fluorescent type low profile fixtures. 

  3.    Power – no special requirements identified. 
 4.    Signals and Communication –no special requirements identified. 

5.    Fire Alarm and Detection – no special requirements identified. 
6.    Grounding – Grounding shall be in compliance with all codes and 

ordinances including SLAC grounding policy. 
 
F.    Site Development 

1. Underground utilities shall be thoroughly investigated for removal 
and or replacement as necessary for the installation of the Beam 
Transport Hall. 

2. Modifications to building #113 will be necessary to the southwest 
portion due to the overall required width of the Beam Transport 
Hall. 

 
 G.    Parking – No special requirements identified.  

 
 
2.4 UNDULATOR HALL   
 

A.   Building Description – The Undulator Hall connects to the end of the 
Beam Transport Hall (BTH) approximately 227 meters from the Beam 
Switch Yard wall. The Undulator Hall will begin at a thermal barrier from 
the BTH (east end of the Research Yard) and the length will continue for 
175 meters to another thermal barrier wall. The Undulator Hall will be 
completely covered by the existing hillside for thermal and vibration 
stability. 

 
1. The Undulator Hall will include (2) two service buildings adjacent 

to the transport tunnel to accommodate various power supplies for 
the beam transport magnets and other equipment.  

2. Entry to the Undulator Hall from the Research Yard must be 
provided for installation and removal of 15 ft long by 2 ft wide 
undulator magnets assemblies with an expected frequency of once 
per month during operation.  This access point should be on the 
north side in the Research Yard.   

3. Portions of the Undulator Hall may be widened or designed for 
easy removal of a wall section to accommodate additional magnets 
in the future.  

4. Entry to the Undulator Hall from the Near Experimental Hall must 
also be provided. A third access point located in the Undulator Hall 
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service building of the Research Yard may be necessary for 
utilities and various signal cabling.  Temporarily, during initial 
installation of the undulator components, a special access point 
may be needed. It might consist of a removable segment of 
radiation shielding, for the installation of very long components. 
The design of the Hall should make provision for this possibility 
(see Figure 18). 

 
B. Design Criteria 

The entire Undulator Hall has stringent requirements for the thermal 
environment, foundation stability, vibration tolerance, and stray magnetic 
fields.  Therefore special consideration for construction methods and 
applications is needed (see Appendix 2).  
 
1. To minimize thermal deformation of the undulator components 

(alignment of any 10m section of undulator must stay within 2 
microns) the air temperature must be kept constant in both space 
and time to a high precision. This is also true of the surface 
temperature on the walls, ceiling and floor.  The undulator magnets 
are also sensitive to the absolute temperature hence highly accurate 
and stable calibrations will be needed (See draft specifications in 
Figure 16 and 17). The temperature stability needed for the LCLS 
is similar to that which has been achieved at the Advanced Light 
Source at LBNL using conventional HVAC equipment, after some 
development (+/- 0.2 degrees C).  The design of the Undulator Hall 
must incorporate a “best effort” to meet these goals for thermal 
environment control.   

3. The vehicular overpass (bridge), described in Section 2.2 spans an 
area over the Undulator Hall, as close to the east end of the 
Research Yard as possible as to allow for minimal disruption to the 
traffic pattern in the area.  Vibrations caused by vehicle traffic to 
both sides of the Research Yard must be minimized in the 
Undulator Hall.  Also sources of vibrations such as large motors, 
pumps and fans, should be isolated, or located at a distance, from 
the undulator hall or avoided entirely. 

4. Differential settlement and shrinkage of the foundation, even at 
very small levels will cause misalignment of the undulator 
components. The foundation and supporting soil must be designed 
to minimize these effects. These parameters have been faced at the 
ESRF European Synchrotron Radiation Facility), APS (Argonne 
Photon Source), and the ALS (Advanced Light Source). The 
Undulator Hall floor long term stability should be designed to be at 
or beyond state of the art. 

5. Stray magnetic fields due to magnetized re-bar or similar steel 
pieces should be avoided by either selecting non-magnetized 
pieces or de-magnetizing before installation.  The net magnetic 
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field in the Undulator Hall after construction should be not be 
significantly different from the earth’s magnetic field. 

6. Because the stringent thermal stability required in the Undulator 
Hall, it may be necessary to limit the amount of power that any 
equipment cooled or heated by the Undulator Hall air, especially if 
the load is fluctuating (See draft specifications in Figure 17).    

7.  The Undulator Hall must be designed to meet SLAC radiation 
criteria (See 2.1.B). For reference, it has been estimated that the 
required wall thickness for shielding purposes is 70 inches of 
concrete or equivalent. 

8.  The floor of the Undulator Hall should be monolithic with the floor 
of the BTH and the floor of the Front End Enclosure to minimize 
differential settlement (See schematic in Figure 19). 

9.  The design of the Undulator Hall must comply with SLAC seismic 
safety policy. See 2.1.A. 

   
C. Structural  

1. See general LCLS seismic criteria.  In addition, best effort should 
be applied to design for minimized long term settlement and 
shrinkage.  

2. Numerous cable trays and other equipment must be supported from 
the ceilings and walls along the length of the Undulator Hall. The 
walls of this hall should accommodate a strong, versatile mounting 
arrangement. 

 
D.    Mechanical 

1. General – Avoid placing heavy vibrating equipment near the 
Undulator Hall. 

2. HVAC – See above requirements on thermal stability. Humidity 
fluctuations must be controlled throughout the year.  Dust 
particulate levels must be comparable with conventional laboratory 
or office space. Environmental barriers and circulation patterns 
must be designed to isolate the Undulator Hall air from adjacent 
Halls and unconditioned outside air. 

3.    Central Chilled Water Plant Assessment –no special requirements 
identified. 

4.    Utility Connections – To be made via the Research Yard or the 
Near Experimental Hall.    

5. Plumbing – conventional design, no special requirements 
6. Roof Drainage - A year round constant level of ground water, 

preferably below the Undulator Hall foundation, is desirable for 
foundation stability. The Undulator Hall interior should be 
designed to be dry at all times of the year. Interior drainage 
(preferably passive) should nevertheless be provided. 

 



LCLS Architectural/Engineering Design Guidelines                                                                                  October 9, 2003 

 

 16 

E.    Electrical – All electrical design should be consistent with the limitation 
on power dissipated to the Undulator Hall.  Lighting design should assume 
100% on all the time during normal operation. 

 
F.  Site Development – Accommodations for a vehicular overpass (see 

2.2.A.7) in the area over the Research Yard end of the Undulator Hall are 
needed. This should be planned for minimal disruption to the traffic 
pattern in the area.  The overpass should be designed to minimize 
vibration of the Undulator Hall floor due to vehicle traffic. 

 
G. Parking – Parking for the Undulator Hall will be in the Research Yard 

and/or the Near Experimental Hall 
 
  
2.5 FRONT END ENCLOSURE 
 

A. Building Description – In the Front End Enclosure the electron and x-ray 
beams are separated from each other. The electron beam will be directed  
through the floor into the Electron Beam Dump, and the x-ray beam will 
proceed straight through the Electron Beam Dump to the Near 
Experimental Hall (see Section 2.7).  Penetrations through the floor of the 
Front End Enclosure and shielding wall of the Electron Beam Dump are 
therefore required. It is expected that the Front End Enclosure will 
resemble a simple extension of the Undulator Hall with a thermal barrier 
separating the two facilities.  The Front End Enclosure will be located 
downstream of the Undulator Hall and is specified at 40 meters in length.  
The Front End Enclosure will have various utility requirements (see 
Figure 11) and have environmental requirements similar to those 
described for the Near Experimental Hall.   
  

B. Design Criteria – Numerous cable trays and other equipment need to be 
supported from the ceilings and walls along the length of the Front End 
Enclosure. Design should accommodate a flexible mounting arrangement. 

 
C. Structural– See general LCLS seismic criteria.   
 
D.    Mechanical – No special requirements identified. 
 
E.    Electrical – No special requirements identified. 
 
F. Site Development – This is a tunneled structure, no site development is 

required. 
 

G. Parking – None required. Access is through either the Undulator Hall or 
the Near Hall. 
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2.6 BEAM DUMP 
 

A.   Building Description – The Beam Dump (see Appendix 1) will be 
installed in a new housing at approximately 8 meters square and will begin 
downstream of the Front End Enclosure thermal barrier.  Minimal magnet 
cooling water will be necessary. A means of access to the lower level of 
the beam dump, e.g., concrete or metal stairs, shall be provided. 

 
B.    Design Criteria – The Beam Dump is a high-radiation area.  Input from 

the SLAC radiation experts will be required during the Title I design 
phase.    

 
C.    Structural – See general LCLS seismic criteria.   
 
D.    Mechanical – No special requirements identified. 
 
E.    Electrical – No special requirements identified. 
 
F.    Site Development – No special requirements identified. 
 
G.    Parking – No special requirements identified. 

 
 
2.7 NEAR EXPERIMENTAL HALL (NEH) 
 

A. Building Description – The NEH will begin downstream of the Beam 
Dump and will extend for approximately 33 meters in the direction of the 
beam (see Photos 15, 16, 17).  The width of the NEH is specified at 14.5 
meters (see Figures 2 through 4.1).  The proposed building site will be 
approximately 7 meters below existing grade.  Excavation for the NEH 
can also serve as tunnel entry portals #1 and #2 (see Geotech Study, 
Appendix 4 and 5). 

 
1. A two story building at approximately 490 gross square meters  

(5,300 square feet) shall be located between building #445 and 
PEP Ring Road at a finish floor (ground floor) elevation of 
247.25’. 

2. Ground floor of the NEH shall include (see Figure 12):   
• Three (3) experimental hutches with an interior finish space 

of 10 meters x 7 meters (750 sq ft).  Each experimental 
hutch shall have an independent PPS entry. 

• Controls and Preparation Area 
• Unisex restroom 
• Freight elevator (5 ton capacity) 
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• Steel stairway with concrete filled metal pan treads, closed 
risers and landing consisting of metal deck and lightweight 
concrete. 

• Electrical and mechanical utility room 
3. Hutches shall be placed within the hall design following the path 

of the x-ray beam.  The interior finish dimension of each enclosure 
shall be 10 meters by 7 meters and shall include an entry space to 
allow for adequate access into the hutch space.  Ceiling height 
shall be 10’-0”. 

4. The NEH second floor shall consist of one Laser Bay at 
approximately 6 meters x 32 meters (2,000 square feet), one 3 
meter x 6 meter (200 sq ft) conference room, men and women 
restrooms, open office space 120 square meters (1,300 sq ft) and 
common space.  

  5. All conduit and lighting fixtures shall be surface mounted.  
6. Provisions for access directly into the hutches shall be provided.  

Design of the 4’ wide entry shall meet the same shielding 
requirements as entire hutch design.  Hutch design, including 
entry, must incorporate laser containment in compliance with 
SLAC laser safety standards   

7. A Laser Bay shall be located on the south half of the upper floor 
spanning over the three experimental hutches (approximately 32 
meters) by 6 meters. 

8. Upper floor shall have sufficient day lighting via windows.  No 
windows shall be provided in the laser bay and skylights shall be 
avoided. 

9. Two exits shall be provided from the second floor level. 
10.  Laser enclosures and hutches must have minimal acoustic noise 

due to air flow.  
11. The building exterior will complement the existing buildings and 

site surroundings, specifically building #750. 
12. The building will require a 5 ton freight elevator at 2m x 4m (6’ x 

12’).   
13. Custodial, mechanical and electrical rooms shall be placed in 

appropriate locations. 
14. The building will provide a small number of open landscaped 

offices for LCLS users and on-site operations staff.   
15. Only office areas shall be carpeted. Other areas shall include vinyl 

composition tile, ceramic tile, or sealed concrete.  Office 
furnishings shall be modular systems furniture. 

16. Consideration shall be given to existing utilities in the immediate 
area within the scope of work boundaries (see Figures 9-10). 
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B. Design Criteria 
  

1. The Near Experimental Hall shall be designed according to 
guidelines specified in  DOE Order 6430.1A, General Design 
Criteria and with the requirements as defined by the Uniform 
Building Code (UBC) and Design and Evaluation Guidelines for 
DOE Facilities Subjected to Natural Phenomena Hazards (UCRL-
15910). 

2. Three experimental enclosures must provide radiation shielding for 
building occupants.  The area outside the hutches must permit 
occupancy by non-radiation workers.   

3. The temperature and vibration environment of the ground floor 
should be designed to meet stringent requirements typical of 
synchrotron light source experiment areas: 1 deg C full range 
temperature variation and sub-micron floor vibration amplitude 
integrated in the frequency range 1 Hz and up. 

 
  

 C.    Structural – See general LCLS seismic criteria. 
  
 D.    Mechanical 
 

1. General – The design of mechanical systems for the NEH will 
conform to the DOE Standard 10 CFR, Part 435, UBC, UMC, 
UPC, Title 24 Energy Conservation Efficiency Standards for Non-
Residential Buildings, and ASHRAE standards, including the latest 
edition of ASHRAE/IES Standard 90.1. 
     

2.    HVAC – The NEH will be provided with a complete system to 
provide year-round control within the established parameters.  The 
building will have a Direct Digital Control system to control the 
operation of the mechanical system and interface to SLAC’s 
present Energy Management System (EMS). 

3. The required Direct Digital Control system will be compatible with 
SLAC’s Automated Logic, System 2020, BACnet. 

4.    Central Chilled Water Plant Assessment – No special requirements 
identified. 

5.    Utility Connections – Utilities including electrical, 
communications, data cables, insulated hot water and cooling 
tower water supply and return will be piped from within the 
existing Research Yard.  Any utilities passing through the 
Undulator Hall are subject to stringent thermal and vibration 
limitations. 

6.    Plumbing – Each restroom and janitor’s closet will be provided 
with hot and cold water through an electric water heater for all 
lavatories and sinks.  Water coolers will be installed in customary 



LCLS Architectural/Engineering Design Guidelines                                                                                  October 9, 2003 

 

 20 

locations.  Lavatories, urinal, and water closets shall be provided 
per the Uniform Plumbing Code.  Water closets shall be wall hung 
and shall be provided with automatic (infrared) actuated systems. 
Waste and vent systems will be installed for all bathrooms and 
janitor’s closets.  The waste system will extend to the existing site 
waste sanitary sewer system.   

7.    Roof Drainage – A roof drainage system will be provided for the 
building and will be connected to the site storm water system. 

8.    Fire Protection Systems –The system provided within the building 
will be supplied from the existing site water distribution system 
through a riser assembly, tamper switches and a flow switch in 
compliance with NFPA Standard 13.  These switches will tie into 
the site fire alarm system.   

 
 E.    Electrical – No special requirements identified. 
 

F. Site Development 
 

1. The storm drainage system incorporated into this project shall be 
designed to withstand a 100 year storm of 2.0 inches per hour 
intensity and will be connected to the existing SLAC storm water 
system.  Where relocation or modifications to existing storm 
systems are necessary, careful measures will be taken to provide 
controlled diversion of storm water.         

2. Paved Areas will be asphalt concrete capable of handling heavy 
truck loading. 

3. Significant site grading will be required to maintain site entrance 
from PEP Ring Road unto building area. 

  
G. Parking – Parking for staff and guests shall be provided in the immediate 

area to accommodate twenty regular vehicles and five electric utility 
vehicles. 

 
2.8 X-RAY  TRANSPORT AND DIAGNOSTICS TUNNEL 

 
A.   Building Description – The X-Ray Transport and Diagnostics Tunnel is 

290 meters in length and spans between the NEH and the FEH (see 
Section 2.9). 
 
1. The tunnel dimensions shall be 4.5 meters (15’) in width x 4.5 

meters (15’) in height x 290 meters (1475’) in length in the 
direction of the beam.   

2. The finish floor elevation shall be 247.25’ and shall be continuous 
throughout.  A level grade (zero percent slope) shall be planned for 
the tunnel profile in the direction of the beam.   
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3. The tunnel cross-section is envisioned to have a horseshoe shape 
with flat side walls up to 2.4 meters (8’) and shall be constructed of 
reinforced gunite walls for initial and final lining (see Figure 7). 

 
B.    Design Criteria 

 
1. No extraordinary vibration stability or temperature control 

requirements must be met in this area, and heat load from technical 
equipment is very small.  

2. Particular attention should be given to the issue of settlement as the 
natural depth of cover increases throughout the tunnel profile.  
Settlement in the area of the tunnel in terms of loads imposed by 
the location of the FEH office building should also be considered. 

3. Water proof barrier design shall be incorporated continuously 
throughout the tunnel to prevent seepage into the tunnel. 

4. Precautionary measures shall be considered to prevent eroding 
within the tunnel caused by calcite erosion. 

5. Provisions shall be made for heavy duty Unistrut embedded into 
the final liner at a spacing of 1.8 meters (6’).  

 
C.    Structural – See general LCLS seismic criteria.   
 
D.    Mechanical – No special requirements identified. 
 
E.    Electrical – No special requirements identified. 
 
F.    Site Development – No special requirements identified. 
 

 G.    Parking – No special requirements identified. 
 

 
2.9 FAR EXPERIMENTAL HALL (FEH) 
 

Building Description – The Far Experimental Hall will be located approximately 
250 meters downstream from the NEH and will extend approximately 30 meters 
in the direction of the beam and approximately 18 meters wide (see Figures 1 and 
5; Photos 16 and 17).   One of the principle design challenges of the FEH is that 
its finish floor will be approximately 27 meters below existing grade.   
 
Space for “Controls Area” and a “Prep Area” is envisioned for the FEH in the 
space adjacent to the experimental enclosures.  Passage from the FEH to Building 
#750 by way of a connecting tunnel is under consideration.  This egress tunnel 
should also be designed to handle installation of installing equipment into the 
FEH area. 
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2.10  Central Lab Office Complex 
 

Building Description – A Central Lab Office Complex will be constructed to 
house the research offices and laboratory space to accommodate LCLS users, 
scientific and support staff.  Parking will be provided adjacent to the office 
building and the area should be moderately landscaped.  This facility is 
envisioned to be 57 meters long in the direction of the beam and 35 meters wide; 
however its footprint is, for practical purposes, not constrained by LCLS technical 
requirements.  Capacity of the office complex is currently estimated at 300 
persons.  This facility can be located on grade and adjacent to the east edge of 
PEP Ring Road.  Provisions shall be made for a ground floor directly under the 
office facility at the 246.85’ elevation (approximately 8 meters below existing 
grade).  Site and roadway redevelopment may be required to provide access to the 
ground level from the existing driveway leading to bldg #750 for access of large 
semi trailers (see Figure 1; Photos 16 and 17).   
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