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2) A 0.6-mm-thick layer of lead wrap around the proposed 2.1-mm-thick (0.083”) SS vacuum 

pipe, or 

3) A 0.7-mm-thick layer of lead wrap around a 1.65-mm-thick SS vacuum pipe, or 

4) An exclusion zone (a cylindrical volume with a 30-cm radius centered on the beam pipe axis) 

around the 2.1-mm-thick SS beam pipe. 

The shielding or exclusion zone shall extend along the entire (Z) length of the target, as well as 

8” upstream and 8” downstream of the target. 

It should be noted that the latter three options increase the complexity of the necessary 

configuration control. 

All bellows and viewports require shielding.  Bellows and viewports in the vicinity of a target 

must be shielded as described above, except that for viewports shielded with lead the necessary 

lead thickness is 1.2 mm.   For bellows and viewports not in the vicinity of a target, shielding 

equivalent to 2.1 mm steel is sufficient. 

For beam pipe sections that do not have any potential targets, the beampipe thickness of 2.1-mm 

SS (Ref. [2]), provides sufficient shielding. 

 

3. Target identification: 

Potential targets to which this shielding requirement applies shall be identified by a detailed 

beamline ray trace study. The ray trace shall depict all items which could potentially be struck by 

the beam (all “targets”) including, e.g., mirrors, monochromator crystals/gratings, apertures, slits, 

valves, shutters, insertable diagnostics, etc., as well as vacuum chambers or other components 

serving as shielding or personnel exclusion barriers. Locations of viewports and bellows should 

also be indicated. 

A configuration control program needs to be developed to ensure the integrity of the vacuum 

chamber as well as of the additional shielding, which will be considered as radiations safety 

items. 
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