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Summary 
 

Construction of the LCLS involves accurate placement of buildings, tunnels and eventually 
experimental components. Outdoor design requirements for accommodating these surveys are 
presented in this document. The types of monuments necessary are discussed including the 
equipment needed to survey them. With the exception of GPS, most surveys require clear lines-of-
sight to newly installed permanent monuments. A rigorous network of global survey observations is 
created enabling accurate positioning and orientation of the beamline. (Outdoor surveys are 
transferred into the tunnels; the requirements are outlined in the alignment PRD). Ongoing efforts 
to map existing buildings and terrain are also accommodated via GPS including the establishment of 
the orientation of the new LCLS facility and the placement of new components into the existing 
linac. The following webpage presents current documentation on the construction efforts completed 
by the Alignment Engineering Group (AEG): 
http://www-group.slac.stanford.edu/met/Align/LCLS/LCLS.html 
 

Survey Monuments for the Surface Network 
The existing linear accelerator (linac) at SLAC will be extended to create the new LCLS 

facility. The relationship between the existing accelerator structure and newly added structures will 
be controlled by establishing a global network of survey observations realized through the use of 
stable three-dimensional monuments. These monuments are needed to define and transfer 
coordinates between the existing accelerator system and the new LCLS coordinate system (LCLS-
TN-03-8). The outdoor surveys enable all LCLS components, including those requiring highest 
precision in the Undulator Hall, to be accurately placed and mapped. Several existing SLC 
monuments, plus the addition of a few more permanent monuments, will be used to provide the 
best global network for the LCLS (ref: SLC Design Handbook, 1984; see below). This global 
network can be used for the establishment of construction reference points but they are more 
crucial for transferring coordinates to indoor LCLS tunnel networks. LCLS outdoor monumentation 
consists of two types of control points: 
 

• Global highly stable reference monuments 

• Construction monuments primarily used by LCLS construction crews 

Each type of monument will be used for unique surveying situations discussed below. 
 

Global Reference Monuments 
The name and coordinates of an existing set of SLAC SLC (SLAC Linear Collider) surface 

control monuments is presented in Table 1. They were all originally used as 2D monuments and 
station M40 is now the AEG GPS control station. By using GPS in combination with normal 
terrestrial observations, these monuments will be used as fully established three dimensional survey 
control points. 
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Table 1  Two-Dimensional Positions of Existing SLC Monuments in Meters 

Name Date z+Zbias* x+Xbias* 

MAA 3/26/86 91046.67 70014.92 
M20 3/26/86 90533.45 69999.51 
M32 3/26/86 90414.54 70261.47 
M33 3/26/86 90431.44 70479.25 
M34 3/26/86 90839.85 70360.36 
M35 3/26/86 90989.01 70242.77 
M36 3/26/86 90868.37 69874.09 
M38 3/26/86 90535.83 69677.10 
M39 3/26/86 90162.98 69611.40 
M40 3/26/86 90060.55 69997.58 
M41 3/26/86 90219.51 69988.32 
M42 1/27/86 89983.54 69993.60 
   

* Zbias = 90000.00000 meters ; Xbias = 70000.00000 meters 
 

Three or more of these 3D surface network control monuments will be used for transferring 
the global network through access portals to the interior of the LCLS tunnels and/or buildings. 
Studies are ongoing as to the need for more of these surface monuments to provide enough 
redundancy for the task. To improve survey network geometry from a portal, one or two new 
surface control monuments may need to be constructed.  Detailed procedures by the National 
Geodetic Survey (NGS) cover the materials and construction techniques necessary to create a stable 
3D monument as seen in Figure 1 (Ref: “Setting a NGS 3-D Monument”, Attachment 9). 

  
Figure 1  NGS 3-D Monument 
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Construction Monuments 
Five locations have been proposed for LCLS construction monumentation.  These 

monuments have been studied as potential sites for less expensive reference points that can be used 
by LCLS construction crews. Their positions were considered in relation to their geometry and 
visibility. The five monuments will form two unique triangles with one common point.  One triangle 
focuses on the Research Yard while the other focuses on the east campus. Each point was carefully 
considered and chosen for the following reasons (Imfeld, 2005): 
 

1. The primary construction monument will be south of Tower 20 on the lip of the Research 
Yard.  It will be positioned just enough south of an existing eucalyptus tree to accommodate 
GPS observations.  Occupying this point provides a line of sight to the other 4 proposed 
construction monuments. 

2. The proposed location for this monument is on a berm overlooking the northern Research 
Yard.  It is east of the A Line dump and west of the Tower 20 Road.  From this location a 
line-of-sight is possible to construction monuments #1 and #3. 

3. The proposed location is on a berm overlooking the southern Research Yard.  It is south of 
building 124 (riggers).  From this location a line-of-sight is possible to construction 
monuments #1 and #2. 

4. This monument’s proposed location is at the top of a hillside northeast of Tower 20 
overlooking the PEP loop road and SLC Collider Hall.  It is just south of the dirt road from 
Tower 20 as it drops to the PEP loop road.  From this location a line-of-sight is possible to 
construction monuments #1 and #5. 

5. This is an existing PEP monument.  It is located north of a dirt road that leads from the 
PEP loop road up to SLC M36 (the pillar on top of a hill north of the back gate).  It is 45m 
west of M36.  From this location a line-of-sight is possible to construction monuments #1 
and #4. 

 
These five monuments will facilitate a large portion of any needed reference points for 

construction, but additionally they can be used for establishing any future construction 
monumentation deemed necessary. Figure 2 demonstrates their construction based on the NGS 
standard “Setting a Concrete Monument”, Attachment 7. 

  
Figure 2  Standard NGS Concrete Monument for LCLS Construction 
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Equipment for the Outdoor Surface Network 
A geodetic network of outdoor monuments and survey observations needs to be established 

for any large construction project including the LCLS. Monument coordinates are measured using 
combinations of distance, angle and height observations and then post-processed to increase the 
overall accuracy of the survey network. Post-processing will not only produce a set of coordinates 
but will also generate a complete statistical assessment of there local and global accuracies. The 
design requirements for the monuments were discussed above. In this section the accuracy 
requirements of the equipment needed to survey the networks is covered. 

Outdoor construction survey monuments will be used to aid construction crews in 
excavating and placing building foundations. The other type of more accurate global reference 
monuments are used for accurately establishing the orientation of the 3D axis of a tunnel, its 
beamline and components. The surface network consists not only of the monuments but also the 
survey observations that tie them together. This system will be used to transfer survey data into a 
tunnel or inside a building using direct line-of-sight observations. The equipment needed to create 
the surface network for the LCLS will consist of but is not limited to the following (see Table 2 for 
equipment accuracies): 

 
• GPS (Global Positioning System) 
• Total Stations 
• Levels 
• Gyro-Theodolites 
• Precise Long Distance Measurement Devices (e.g. Mekometer) 

 
GPS will be the main mode of observing the surface global reference monuments. It 

provides the primary data for a less expensive and highly accurate global reference system for the 
new machine but it can not completely eliminate normal terrestrial surveying methods due to such 
factors such as satellite visibility. SLAC owns high-precision GPS equipment that can be used for 
the LCLS. The base unit is presently a Leica System RS-500 12 channel, dual frequency receiver. 
Leica System 530 rover equipment is also available for faster RTK (Real-Time Kinematic) surveys. 
Appropriate supplemental equipment is also in-house allowing high-order GPS observations to be 
made on-site. To model and improve upon the measured coordinates of the surface monuments, 
two software packages will be used: Leica’s SKI-Pro software and the Bernese V 4.2 GPS software 
package. 

SLAC already possesses total stations such as the TC2002 and the TCRA1105. The Leica 
TC2002 has coaxial optics that measure angles and distances from the same internal point. The 
TC2002 can read polar measurements for radii larger than its shortest focusing distance of about 1.5 
m. This instrument can also generate the same 3D information in a Cartesian reference frame where 
one axis is coincident either with the plumb-line or its standing axis. The Leica TCRA1105 is a 
reflectorless instrument that can aid in construction surveys.  
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Table 2  Expected Outdoor Instrument Accuracies* 

Name Accuracy (at 1σ) 

Leica 500/503 GPS RTK 3 mm horizontally / 5 mm vertically 

Leica 500/503 GPS RTK (post-processing) 1 mm horizontally / 3 mm vertically 

Leica TC2002 Total Station 150 µm / 0.5 arcseconds 

Leica TCRA1105 Total Station (with reflector) 2 mm + 2 ppm 

Leica TCRA1105 Total Station (without reflector) 3 mm + 2 ppm 

Leica DNA03 Digital Level 250 µm 

Zeiss DiNi12 Digital Level 250 µm 

Gyromat 2000 Gyrotheodolite 3 arcseconds 
 

* Values represent expected pre-processed observation accuracies unless stated otherwise 
 

The AEG will use a Leica Geosystems DNA03 and a Zeiss DiNi12 high precision level. The 
instrument and leveling rods will be calibrated in SLAC’s newly built Sector 10 calibration facility. 
(Ref: http://www-group.slac.stanford.edu/met/Align/Rod_Calibration/Rod_Calibration.html) 
 

Other equipment for outdoor surveys include a Gyromat 2000 gyrotheodolite and a Kern 
ME5000 Mekometer. The Mekometer may be used for various long distance verifications in the 
existing linac or newly built tunnels. This instrument, and the Gyromat 2000, will also be used for 
indoor surveys that tie to the outside network. 


