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Introduction 
 
Survey monuments are required in the undulator hall for establishing the location of the theoretical 
beamline axis and thus, subsequently, placement of all of the components. These monuments are 
necessary as part of an integrated survey network that will be used to establish the location of 
pedestals, girders and beamline components to within the undulator system alignment requirements1. 
A description of typical survey monuments is presented in this document along with specifications 
on their tunnel locations. 
 
 
 
The Survey Monument 
 
There are two basic types of survey monuments available for holding the standard 1.5” spherical 
alignment tooling: one type for walls (Figure 1) and one type for floors (Figure 2). They are 
commonly referred to as nests. Generally the wall monuments are embedded with the threaded 
portion buried inside the wall while the floor monuments are fully embedded and being flush with 
the floor surface and covered with a lid when not in use. 
 

  
Figure 1: Wall Monument (PF-341-801-21)           Figure 2: Floor Monument (PF-341-801-01/02) 
 
Both monuments are available at SLAC. They are made from martensitic stainless steel (17-4PH) 
which is corrosion resistant and has been hardened by heat treating. Spherical survey targets such as 
a Spherically Mounted Retroreflector (SMR) (Figure 3) or a Spherical Total Station target (Figure 4) 
are held in place by a magnet that sits in the center depression of the nest. 
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     Figure 3: A Typical SMR     Figure 4: A Total Station Target 

 
 
Installation Method 
 
The Alignment Engineering Group (AEG) will mark and install the survey monuments. The nature 
of a survey network allows for the movement of several monuments over a long period of time 
without compromising the overall accuracy of a new survey. Stability concerns are more pertinent 
only for a few days. If too many monuments move relative to each other over the duration of a 
tunnel survey, the statistical relationship between them will be altered. It is desirable to have 
relatively stable survey monuments during a short period of time. 
 
The LCLS undulator tunnel will be finished with Shotcrete which is not as desirable a material as 
smooth concrete to attach survey nests. It is an irregular surface and may not as stable as poured 
concrete. It is therefore necessary to study if the nests need to be anchored significantly deeper by 
drilling through the Shotcrete into the substrate behind. A method that has proven to be very 
successful for the Fermi National Accelerator Laboratory’s Neutrino Experiment consists of a nest 
welded onto a threaded rod which is imbedded into at least 6 inches of rock surrounding the tunnel2. 
The threaded rod passes through the Shotcrete and drainage liner. Installing the rod requires a 
hammer drill for boring the holes where each monument is anchored with high strength epoxy. This 
accomplishes the primary task of securing the monument into the surrounding rock but also seals 
the hole for water seepage. 
 
This deeply embedded rod is not necessarily the preferred technique for LCLS. If attaching the 
survey nests to the shotcrete to a depth of a few inches can be accomplished with adequate short-
term stability, this simpler technique will be used. A test on these methods at SLAC using an area of 
the SLC tunnel (which is lined with Shotcrete) is planned. Extensions of various types that are 
perpendicular to the wall similar to some used for SPEAR3 will be also studied. By having the 
spherical target situated away from the wall by a few inches, refraction effects caused by temperature 
gradients will be reduced. Future revisions of this document will reflect the findings from this study. 
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Monument Locations in the Undulator Tunnel 
 
The locations of the wall and floor monuments are shown in Figures 5 and 6 and Table 1. The 
monuments are not drawn to exact scale and they only represent one possible location of a 
monument on a patch of wall or floor. A pattern for the placement of each stainless steel monument 
would be based on the regular distribution of the quadrupoles in the tunnel (Figure 6)*. A simulation 
of this layout shows that the undulator system alignment requirements will be met and thus it is a 
good geometrical scheme3. It is based on 33 wall and 16 floor monuments but additional 
monuments will be necessary towards the Beam Transport Hall (BTH) and the Near Hall (NH) to 
strengthen the ends of the survey network. 
 
The precise installation location of almost any survey monument is not critical as the coordinates 
will be determined during the actual field survey and after post-processing. The wall and floor 
locations listed in Table 1 should remain free of any obstructions and should have an area of at least 
50cm x 50cm clear. The floor monuments will be completely flush with the finished concrete and 
there should be no problem with obstructions as this space is open and used for walking. 
 

 
Figure 5: Survey Monument Stay-Clear Positions in Undulator Hall 
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Figure 6: Survey Monument Positions in Undulator Hall 

* Note: The monument positions can be shifted if necessary. There is no need to place them at exact positions. 
 
 
 

Table 1: Undulator Hall Monument Stay-Clear Locations 

  Monument z Locations (meters) 
  Floor North Wall South Wall 

- - 510.7 Densified 
West End 510.7 510.7 514.6 

  518.9 518.9 522.8 
  526.7 526.7 530.9 
  534.8 534.8 538.7 
  543.0 543.0 546.9 
  550.7 550.7 555.0 
  558.9 558.9 562.8 
  567.1 567.1 570.9 
  574.8 574.8 579.1 
  583.0 583.0 586.8 
  591.1 591.1 595.0 
  598.9 598.9 603.2 
  607.0 607.0 610.9 
  615.2 615.2 619.1 
  623.0 623.0 627.3 
  631.1 631.1 635.0 
  639.3 639.3 643.2 
  647.0 647.0 651.3 

655.2 655.2 659.1 
659.3 659.3 663.2 
663.4 663.4 667.2 
667.2 667.2 671.3 
671.1 671.1 675.4 
675.2 675.2 679.3 

Densified 
East End 

679.3 679.3  - 
Note: These locations are in the LCLS coordinate system. 
All wall heights are at 2 meters with a stay-clear area of 
50cm x 50cm centered on this spot. 
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