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1. INTRODUCTION: 
 
Beamlines are required to shield against two primary sources of radiation, the primary gas 
bremsstrahlung (GB) and the synchrotron beam, as well as the secondary radiation resulting 
from the scattering of these two primary beams by the beamline components and/or air. The 
shielding requirements for the First Optical Enclosure (FOE) are dominated by the scattering 
of the primary bremsstrahlung and not the synchrotron beam. Guidelines for the NSLS-II 
Beamline Radiation Shielding Design are also provided in reference 1. These guidelines 
were used to determine the thickness of the first FOE walls as well as dimensions of the 
supplementary shielding required to reduce the dose on the downstream FOE wall. The 
shielding recommended for the lateral and roof panels is generally sufficient for most white 
beam component configurations. However, the recommended as-built shielding for the 
downstream FOE wall may not be sufficient to protect against secondary gas bremsstrahlung 
(SGB).  

The NSLS-II Beamline Radiation Shielding Policy has been stated as follows in reference 1: 
Radiation exposure to staff and users resulting from National Synchrotron Light Source II 
(NSLS-II) operations must comply with Brookhaven National Laboratory (BNL) and 
Department of Energy (DOE) radiation requirements and must be maintained as low as 
reasonably achievable (ALARA).  Per the Shielding Policy (PS-C-ASD-POL-005), in 
continuously occupied areas during normal operation the dose rate is ALARA, and shall be < 
0.5 mrem/h (based on occupancy of 2000 hours/year) or less than 1 rem in a year.  

 
For a fault event, the dose shall be < 20 mrem in a non-radiation controlled area and < 100 
mrem in a radiation controlled area. Although the experimental floor is initially designated as 
a radiation controlled area, it is hoped that in the future, it can be declared a non-radiation 
controlled area. As such, beamlines should be shielded such that in the event of a fault, the 
total dose, integrated over the duration of the fault, is < 20 mrem. 
 
The radiation shielding analysis for the Photoemission Microscopy beamlines (21ID-ESM) is 
documented in this technical note. The goal of the simulations documented here was to 
estimate the radiation dose levels generated inside and outside of the FOE during normal 
operations and some fault conditions, thus evaluating the efficiency of the as-designed SGB 
shielding.  
 
The layout of the 21ID-ESM beamlines is presented in Figure 1. These drawings were 
extracted from the Beamline Ray Trace Layout [PD-ESM-RAYT-0001]. The beam travels 
from right to left in the Ray Trace drawings. 
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Figure 1: Layout of 21ID-ESM showing the major beamline components and the FOE 

 

The NSLS-II primary GB source parameters are listed in Table 1.  

Table 1: NSLS-II Primary Bremsstrahlung Source Parameters 

Electron energy 3 GeV 

Stored current 500 mA 

Length of ID straight section 15.5 m 

Pressure in straight section  1 ntorr 

The beam is normalized at 17 μW incident power, for the long (15.5 m) straight, even though 
ESM is located on a short straight. This assumption makes our dose rate predictions even 
more conservative. The 17 μW value corresponds to the estimated bremsstrahlung power 
generated by a 500 mA electron beam of 3 GeV, assuming that the vacuum in the straight 
sections is better than 10-9 Torr. The bremsstrahlung source file is kept in the NSLS-II 
Radiation Physics folder.  

The FLUKA model is described in section 2. The positions, dimensions and materials of the 
main components are included in Appendix 1. A prototype FLUKA input file is kept in the 
NSLS-II Radiation Physics folder.  

The simulations performed to confirm the adequacy of the radiation safety components are 
presented in Table 2. The results of the GB simulations are presented in section 3.  
 
The results of the synchrotron radiation simulations are presented in section 4.  
 
A summary of all simulation results is presented in section 5. The results of the GB 
simulations are summarized in Table 5. This table lists the maximum dose rate (in mrem/h) 
on the roof, sidewall and the downstream FOE wall for each simulation.  
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Table 2: List of FLUKA Simulations 
 
# Simulation Position of GB source (cm) 
1(a) GB on the neck of the white beam mask  x=0.64 y=0 z=135.0 

 
1(b) GB on the front face of the WBmask near the 

outboard edge 
x=1.55 y=0 z=123.0 

2 GB on the front face of the Bremsstrahlung 
collimator 

x=2.97 y=0.0 z=150.0 

3(a) GB incident on the neck of the entrance mask to 
the Mi1 mirror housing 

x= -1.5  y=0.0   z=385.0 

3(b) GB incident on the front face of the entrance mask 
near outboard edge 

x= 3.0   y= 0.0   z=380.0  
 

4(a) White beam mirror: with SGB1 shield: PGM 
mirror in pink beam 

x=0.0   y= 0.0    z= 400.0  

4(b) White beam mirror: with SGB1 shield: PGM 
mirror out of beam 

x=0.0   y= 0.0    z= 400.0  

4(c) White beam mirror: without SGB1 shield: PGM 
mirror in pink beam 

x=0.0   y= 0.0    z= 400.0  

4(d) White beam mirror: without SGB1 shield: PGM 
mirror out of beam  

x=0.0   y= 0.0    z= 400.0  

5 GB outboard extreme ray  incident on white beam 
mirror  

x=0.65   y= 0.0    z= 400.0  
 

6 GB inboard extreme ray bypasses M1 and is 
incident on the white beam stop  

x= -0.65  y= 0.0   z= 400.0  
 

7 GB on SGB1 shield (extreme position of GB – 
above and below the mirror) 

x= -1.2   y= 3.1    z= 380.0 
 

 
All shielding simulations should be validated by comparisons with measurements of the dose 
rates near the walls of the FOE, the plane grating monochromator (PGM) housing, the beam 
transport pipes, and the end station enclosures during commissioning.  
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2. DESCRIPTION OF THE FLUKA MODEL 
 
At NSLS-II the white beam or FOE shielding requirements are dominated by the scattering 
of the primary gas bremsstrahlung and not the synchrotron beam. The white beam 
components disperse the primary bremsstrahlung without significant energy loss; thereby 
greatly increasing the angular range of very high-energy bremsstrahlung photons. It is 
necessary to intercept this secondary bremsstrahlung before it hits the downstream FOE wall.  
The design of the ESM beamline includes additional shielding in order to reduce the dose on 
the downstream wall.  

As recommended by reference 1 Appendix A we use the “custom GB generator based on an 
analytic representation of the source’s energy spectrum which was scaled in intensity in 
accordance with the experimental estimates of total GB power. This custom source assumes 
a 1/E energy spectrum dependency, with a maximum energy of 3GeV, and generates 
internally the corresponding probability density function from analytical descriptions”. The 
beam is normalized at 17μW incident power, for the long (15.5m). This value corresponds to 
the estimated bremsstrahlung power generated by a 500mA electron beam of 3GeV, 
assuming that the vacuum in the straight sections is better than 10-9Torr. 

The 21ID-ESM FLUKA model includes the FOE roof, sidewall, the downstream wall as well 
as the ratchet wall and long wall of the storage ring (SR). The FOE outboard lateral panel is 
made of 18 mm Pb (157 cm distance from beam), the roof is 10 mm Pb (200 cm above 
beam) and the downstream FOE wall is 50 mm Pb (~1300 cm from the ratchet wall).  
 
The FLUKA model (horizontal view) of the ESM beamline is shown in Figure 2. Beamline 
components downstream of the PGM were not modeled. For the FLUKA models, the Z axis 
represents the beam centerline, the X axis the horizontal axis normal to the beam direction 
and the Y axis is the vertical axis. For the Ray Trace drawings, the zero of the co-ordinate 
system is the center of the short straight. However, for the FLUKA input files the 
downstream end of the ratchet wall is set as the zero of the Z axis. The beam travels from 
right to left in the Ray Trace drawings. For the FLUKA model the beam travels from left to 
right. 
  
 

Figure 2: Plane view of the ESM FLUKA geometry at the beam centerline 
 
The positions, dimensions, materials and drawings of the main components are included in 
Appendix 1. The bremsstrahlung source file and FLUKA input filed are kept in the NSLS-II 
Radiation Physics Folder. The beamline components in the FOE are shown in Figure 3 and 
the PGM components in Figure 4. 
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Figure 3: Plane view of the ESM beamline components in the FOE 
 

 
(a) (b) 

 
Figure 4: (a) Elevation view of the PGM components and (b) vertical cut through the gamma 
stop  
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3.  RESULTS FOR PRIMARY GB SIMULATIONS 

The simulations performed to confirm the adequacy of the radiation safety components are 
presented in Table 2. A summary of the simulation results is presented in Section 5. 

3.1(a) GB Incident on the White Beam Mask (WB Mask) 

The FLUKA model of the fixed mask is shown in Figure 5. The mask is modeled as a copper 
block (it is actually made of Glidcop) with a tapered circular aperture. Eight cooling pipes 
run horizontally through the block above and below the aperture. 
 
(a) (b) 

Figure 5: Plane (a) and elevation (b) view of the white beam mask 
 
In this simulation the GB beam was incident near the neck of the aperture on the outboard 
side. The dose rate distribution in the beam plane is shown in Figure 6. The bottom plot in 
Figure 6 shows that the scattered GB propagates down the transport pipe. The dose rate 
distributions on the sidewall and the downstream FOE wall are shown in Figure 7. The dose 
rate distribution in and around the transport pipe and the PGM is shown in Figure 8.  
 

 
Figure 6: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) at beam plane  
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(a) (b) 

 

 
Figure 7: The dose rate distribution (a) on the sidewall and (b) on the downstream FOE wall 
 
These plots show that the dose rates on the FOE walls are below 0.05 mrem/h. Dose rates on 
the roof of the FOE are also below 0.05 mrem/h. Figure 8 shows that the dose rates around 
the transport pipe and the PGM are below 0.05 mrem/h. 
 

 
Figure 8:  The dose rate distribution in and around the transport pipe and the PGM 
 
3.1(b) GB Incident on the Front Face of the WB Mask 

In this simulation the GB beam was incident on the front face of the WB mask on the 
outboard side of the aperture. The dose rate distribution in the beam plane is shown in Figure 
9. The dose rate distributions on the sidewall and the downstream FOE wall are shown in 
Figure 10. 
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Figure 9: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
(a) (b) 

Figure 10: The total dose rate distribution (mrem/h) on sidewall and roof of the FOE 
 
The WB mask becomes a source for secondary GB and neutrons. However, the 
Bremsstrahlung collimator is quite effective in stopping the radiation. All radiation that leaks 
through the aperture is stopped by the SGB1 shield. Dose rate levels on the DS FOE wall are 
less than 0.01mrem/h.  
 
3.2 GB on Bremsstrahlung Collimator Upstream Outboard Face 

The GB source was placed just upstream of the front face of the Bremsstrahlung collimator. 
According to the ray trace drawings the extreme GB ray will impinge on the collimator 
4.65cm from the outer edge at x=2.97, y=0.0 and z=150.0 in the FLUKA model. The dose 
rate distribution in the FOE is shown in Figure 11, and on the sidewall and roof of the FOE 
in Figure 12. 
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Figure 11: The neutron dose rate distribution (top plot) and the total dose rate distribution 
(bottom plot) in the horizontal beam plane 
 
The Bremsstrahlung collimator is quite effective in stopping the GB. However, it becomes a 
source of neutrons that are emitted isotropically. This results in high neutron contributions to 
the total dose rate on the sidewall and roof of the FOE, as illustrated in Figure 12.  
 
(a) (b) 

(c) (d) 

Figure 12: Comparison of the neutron and total dose rates at the sidewall and roof. Total dose 
rate on the sidewall (a) and roof (b). Neutron dose rate on the sidewall (c) and roof (d)   
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3.3(a) GB on Entrance Mask Neck Inboard 

The GB beam was started at x= -1.5, y=0.0 and z=385.0 just upstream of the neck of the 
entrance mask for the M1 mirror housing. The dose rate distribution in the FOE is shown in 
Figure 13. 
 

 
Figure 13: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
When the GB beam impinges on the neck of the entrance mask the mask becomes a source 
of secondary GB (SGB). This SGB is scattered by mirror M1 through the apertures of the 
SGB1 shield, bremsstrahlung stop, various pink beam masks, photon shutter and guillotine, 
down the transport pipe to the PGM. Dose rates in the vicinity of the transport pipe and PGM 
are shown in Figure 14. 
  

 
Figure 14: Dose rate distributions at the PGM exit plane, transport pipe and the PGM 
 
Dose rates around the transport pipe and the PGM, on the roof, sidewall and DS wall of the 
FOE were found to be less than 0.05 mrem/h. 
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3.3(b) GB on Entrance Mask Front Face Near the Outboard Edge 

 In this simulation the GB impinges on the front face of the entrance mask near outboard 
edge: x= 3.0, y= 0.0 and z=380.0  
 

 
Figure 15: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
Even though the entrance mask becomes a SGB source not much radiation is transmitted 
through the aperture to illuminate mirror M1 and be reflected down to the transport pipe as in 
the previous case.  
 
(a) (b) 

Figure 16: The total dose rate distribution (mrem/h) on the downstream (a) and the sidewall (b) 
of the FOE 
 
The dose rate on the walls and roof of the FOE, as well as the pipe and the PGM was less 
than 0.05 mrem/h. 
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3.4(a) GB on WBM: with SGB1 Shield: Mirror M2 in Pink Beam Resulting in 
Maximum Scattering of GB Inside the PGM housing 
 
The GB starts at the nominal position x=0, y=0, and z=400 and is incident on the center of 
the mirror M1. The beam is scattered by half the mirror, and part of the beam directed at ~2.5 
degrees (the path of the reflected synchrotron beam) passes through the exit mask, and pink 
beam masks and the SGB1 and Bremsstrahlung shields, down the transport pipe into the 
PGM. When mirror M2 is in the pink beam the GB will be scattered. Dose rates around the 
FOE, the transport pipe and the PGM housing are evaluated in this simulation. The dose rate 
distribution in the FOE is shown in Figure 17. Dose rates in the vicinity of the transport pipe 
and PGM are shown in Figure 18. 
 

 
Figure 17: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
Dose rates on the roof, sidewall and DS FOE wall were found to be lower than 0.05 mrem/h. 
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Figure 18: Dose rate distributions at the transport pipe and the PGM 
 
The vertical cut through the transport pipe close to the FOE DS wall shows that even though 
some radiation leaks through the unshielded pipe the dose rate is less than 0.05 mrem/h. 
 
The dose rate distribution at the exit plane of the PGM is shown in figure 19(a) and 30 cm 
downstream of this plane in 19(b). 
 
(a) (b) 

Figure 19: The dose rate distribution at the (a) exit plane of the PGM and (b) 30cm downstream 
of this plane. 
 
Even though the dose rate at the exit plane of the pipe is more than 0.05 mrem/h the dose rate 
at 30 cm from this plane is less than 0.05. 
 
3.4(b) GB on WBM: with SGB1 Shield: Mirror M2 is Not in the Pink Beam, Therefore 
the Pink Beam Hits the Secondary Bremsstrahlung or Gamma Stop 
        
The dose rates in the FOE and the transport pipe are the same as in simulation 3.4(a). The 
dose rate on the exit plane of the PGM shows a slight increase (see Figure 20(a)). 
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(a) (b) 

Figure 20: The dose rate distribution at the (a) exit plane of the PGM and (b) 30cm 
downstream of this plane 
  
Figure 20(b) shows that the dose rate at 30 cm from this plane is less than 0.05. 
 
3.4(c) GB on WBM: no SGB1 Shield: Mirror M2 in Pink Beam Resulting in Maximum 
Scattering of GB Inside the PGM Housing 
 
This simulation has the same source position as 3.4(a) and SGB1 shield is removed from the 
simulation layout. The removal of the SGB1 shield increases the dose rate on the DS FOE 
wall. The dose rate distribution in the FOE is shown in Figure 21. Dose rates on the FOE 
roof and walls are shown in Figure 22 and in the vicinity of the PGM are shown in Figure 23. 
 

 
 
Figure 21: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
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(a) (b) 

 

(c) (d) 

Figure 22: The total dose rate distribution (mrem/h) at (a) The roof, (b) the sidewall, (c) the DS 
FOE wall and (d) 30 cm downstream of the DS FOE wall  
 
The maximum dose rate on the FOE roof and sidewall is less than 0.05mrem/h. The 
maximum dose rate on the DS FOE wall is ~0.2 and 30cm downstream of the DS FOE wall 
is ~0.08mrem/h 
 
(a) (b) 

Figure 23: The total dose rate distribution (mrem/h) at (a) the exit plane of the PGM and 30cm 
downstream of the exit plane 
 
The maximum dose rate at the exit plane of the PGM is greater than 0.05 and 30cm 
downstream of the PGM exit plane is less than 0.05mrem/h. 
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3.4(d) GB on WBM: with SGB1 Shield: Mirror M2 is Not in the Pink Beam, Therefore 
the Pink Beam Hits the Secondary Bremsstrahlung or Gamma Stop 
 
This simulation is the same as 3.4(c) except that the mirror M2 is not included. The dose rate 
distribution in the FOE and on the FOE walls remains the same as for 3.4(c). Dose rates on 
the PGM exit plane (shown in Figure 24) are somewhat higher than in the previous case. 
 
(a) (b) 

Figure 24: The total dose rate distribution (mrem/h) at (a) the exit plane of the PGM and 30cm 
downstream of the exit plane 
 
The maximum dose rate at the exit plane of the PGM is greater than 0.05 and 30cm 
downstream of the PGM exit plane was less than 0.05mrem/h. 
 
3.5 GB Outboard Extreme Ray Incident on WBM M1  

The outboard extreme ray starts at x=0.65, y= 0.0 and z= 400.0 and hits the upstream edge of 
M1. The whole mirror becomes a SGB source. Since most of the radiation is scattered 
towards the inboard side (see Figure 25 bottom plot) the dose rate on the sidewall of the FOE 
does not increase, and is still below 0.05 mrem/h. 
 

 
Figure 25: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
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The maximum dose rate on the roof and the DS FOE wall was also found to be below 0.05 
mrem/h. The maximum dose rate at the exit plane of the PGM was greater than 0.05 and 
30cm downstream of the PGM exit plane was less than 0.05mrem/h. 
 
3.6. GB Inboard Extreme Ray Incident on the White Beam Stop (WBS) 

The GB source was placed at x= -0.65, y= 0.0 and z= 400.0. This extreme ray bypasses 
mirror M1 and hits the WBS just downstream of the mirror (see bottom plot of Figure 26). 
The WBS exit mask of the M1 tank, pink beam mask 1 and SGB1 shield all become sources 
of SGB. Since all these sources are close to the SGB1 shield the shield does a good job of 
blocking the radiation. The dose rate distributions on the DS FOE wall and the sidewall of 
the FOE are shown in Figure 27. The maximum dose rate is below 0.05 mrem/h in both 
cases. 
 

 
Figure 26: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
(a) (b) 

Figure 27: The total dose rate distribution (mrem/h) on the (a) downstream and (b) side wall of 
the FOE 
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As in previous simulations the dose rate at exit plane of the PGM was somewhat higher than 
0.05 but below 0.05mrem/h at 30cm downstream of this plane. 
 
3.7 GB on SGB1 Shield (extreme position of GB – above mirror M1) 

According to the ESM ray trace drawings an extreme ray can pass above or below mirror M1 
and impinge on the SGB1 shield. However, this GB trajectory passes through the entrance 
mask to the M1 housing. Hence the GB source was placed at x= -1.2, y= 3.1 and z= 380.0, 
just upstream of the Entrance mask. The entrance mask, the top surface of the mirror and the 
SGB1 shield all become sources of secondary or tertiary GB. The dose rate distributions in 
the FOE are shown in Figure 28. 
 

 
Figure 28: The total dose rate distribution (mrem/h) in the vertical (top plot) and horizontal 
(bottom plot) beam plane 
 
These plots show that dose rates on the top outboard corner of the DS FOE wall may be 
higher than the allowed 0.05 mrem/h. Plots of the dose rate distribution on the roof, sidewall 
and the downstream FOE wall are shown in Figure 29. Not much radiation is transported 
down the pipe to the PGM. 
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(a) (b) 

(c) (d) 

 
Figure 29: The total dose rate distribution (mrem/h) on the (a) the roof and (b) side wall (c) on 
contact with the DS FOE wall and (d) 30cm downstream of the DS FOE wall 
 
The maximum dose rate on the roof and sidewall are below 0.05. The maximum dose rate on 
contact with the DS FOE wall is ~0.07 mrem/h. However, the maximum dose rate 30cm 
downstream of the FOE wall is below 0.05 mrem/h.
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4. SYNCHROTRON RADIATION CALCULATION 
 
The 21ID-ESM beamline is served by two EPU sources. The source parameters [2] are listed 
in Table 3. The NSLS-II stored electron beam parameters of 3 GeV and 500 mA (See Table 
1) have been used to calculate the critical energy (column 6) and the total integrated power 
(column 7). 
 
Table 3: Source parameters used for 21ID (ESM) synchrotron radiation calculations 
Source Max. source 

opening 
No. Of 
periods 

Max. Beff 
(T) 

Period 
(mm) 

Ec (keV) STAC8 Total 
power (kW) 
@500 mA 

EPU 105 1.0 mrad-H 27 1.14 105 6.82 10.5 
EPU 57 1.0 mrad-H 25 0.83 57 4.97 3.2 
 
The analytic code STAC8 [3] was used to calculate the ambient dose equivalent rates in the 
occupied areas outside beamline enclosures and transport pipes. The build-up factor in shield 
was included in the calculation. However, the effect of SR polarization was not considered 
leading to the same shielding requirements for the lateral wall and roof provided the distance 
from the scatter target to dose point is the same. The shielding calculations for the transport 
beam pipe and PGM vessel assume that bremsstrahlung has been completely stopped in the 
21ID FOE. 
 
4.1 First Optics Enclosure (FOE) 
 
For maximum scattered radiation the scattering target is assumed to be a silicon disk of 10 
cm radius and 2 cm thick tilted at 0.155 degree with the respect to the incident beam [4]. The 
position of the scatter target is assumed to be located at 21ID-ESM white beam mirror 
approximately 568 cm from the FOE downstream wall, 163 cm from the lateral wall and 210 
cm from the roof. The minimum required shielding for the SR source (no credit has been 
given to the SGB shielding or Guillotine) and the corresponding ambient dose rates are given 
in Table 4 for EPU105 since it gives much higher dose rates. The results show that the 
shielding thicknesses required for the gas-bremsstrahlung will largely shield for the scattered 
synchrotron radiation. Therefore the existing shielding thicknesses of the FOE walls and roof 
as given in Appendix 1 are more than adequate to meet the shielding design goal of 0.05 
mrem/h. 
 
Table 4: SR shielding design requirements for 21ID FOE  
 

 Distance (cm) Minimum Required 
Shielding 

Ambient Dose rate 
(mrem/h) 

Lateral wall 163 6 mm Pb 0.033 
Roof  210 6 mm Pb 0.020 
Downstream Wall (> 1o) 568 9 mm Pb 0.029 
 
4.2 Beam Transport Pipe and PGM Housing 
 
The SR shielding requirements for the beam transport pipe connecting the FOE to the PGM 
housing and around the PGM housing is determined by the pink beam. For the beam to enter 
the beam transport pipe a reflecting white beam mirror inside the FOE must be inserted to 
direct the beam into the beam transport pipe and toward the PGM. Gold coated mirror at 1.25 
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degrees to the incident beam is used [2]. The ESM transport pipe is 2 mm thick stainless steel 
pipe and 4” in diameter (see Table 1.2). The STAC8 calculation was carried using 5 m of air 
at one atmosphere as the potential scatterer inside the beam transport pipe, simulating a 
vacuum loss accident. The maximum dose rate at a foot away from the pipe is 1.55 mrem/hr 
for EPU105 and 0.049 mrem/hr for EPU57. Such a vacuum loss fault is not expected to last 
for an hour due to vacuum interlocks. The NSLS-II Shielding policy [1] requires that for a 
fault event, the dose shall be less than 100 mrem in a radiation controlled area such as the 
experimental floor. The PGM housing is cylindrical with a 110 cm OD and a height of 70 cm 
(see Table 1.4). The STAC8 calculation was carried out with the same optimum silicon 
scatter target used for the FOE analysis. The calculated contact dose rate on the sidewall of 
the 8 mm stainless steel vessel is 0.014 mrem/hr for EPU105 and 1.3E-04 mrem/hr for 
EPU57 which are both below the design criteria of 0.05 mrem/hr. On the downstream wall of 
the PGM housing 5 cm thick tungsten secondary bremsstrahlung stop inside the PGM 
housing will be largely sufficient to reduce the dose rates on axis below the 0.05 mrem/hr. 
For the beam pipe downstream of the PGM housing, the available steel wall thickness should 
be sufficient   
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5. SUMMARY AND CONCLUSIONS 

At NSLS-II the white beam or FOE shielding requirements are dominated by the scattering 
of the primary bremsstrahlung and not the synchrotron beam. For the simulations the GB 
beam is normalized at 17μW incident power. This value corresponds to the estimated 
bremsstrahlung power generated by a 500mA electron beam of 3GeV, assuming that the 
vacuum in the 15.5 m long straight sections is better than 10-9Torr. Even though ESM is 
located on a short straight the same normalization was used making these FLUKA 
simulations even more conservative.  

Beamline components that intercept the primary GB beam were selected as scattering targets 
in the simulations based on the Ray Trace Drawings. A summary of the simulation results is 
presented in Table 5. 

Table 5: Maximum total dose rates (mrem/hr) on contact with the roof, sidewall, the 
downstream FOE wall and the PGM exit plane. The numbers in parentheses are the dose rates 
at 30 cm downstream of the FOE or PGM exit plane 
 
# Simulation Maximum dose 

 (mrem/hr) 
Roof Sidewall DS FOE 

wall on 
contact 

PGM exit 
flange on 
contact 

1(a) GB on white beam mask – neck < 0.05 < 0.05 < 0.05 < 0.05 
1(b) GB on white beam mask - front 

face 
< 0.05 < 0.05 < 0.05 < 0.05 

2 GB on Brem Collimator outboard 
face 

< 0.05 < 0.05 < 0.05 < 0.05 

3(a) Entrance mask - neck – inboard < 0.05 < 0.05 < 0.05 < 0.05 
3(b) Entrance mask - front face - 

outboard 
< 0.05 < 0.05 < 0.05 < 0.05 

4(a) White beam mirror: with SGB1 
shield: PGM mirror in pink beam 

< 0.05 < 0.05 < 0.05 ~0.1 
(< 0.05) 

4(b) White beam mirror: with SGB1 
shield: PGM mirror out of beam 

< 0.05 < 0.05 < 0.05 ~0.1  
(< 0.05) 

4(c) White beam mirror: without 
SGB1 shield: PGM mirror in pink 
beam 

< 0.05 < 0.05 < 0.25 
(0.1) 

~0.1  
(< 0.05) 

4(d) White beam mirror: without 
SGB1 shield: PGM mirror out of 
beam  

< 0.05 < 0.05 <0.25 
(0.1) 

~0.2  
(< 0.05) 

5 GB on white beam mirror – 
extreme position 

< 0.05 < 0.05 ~0.05 ~0.1  
(< 0.05) 

6 GB on white beam stop < 0.05 < 0.05 < 0.05 >0.05  
(< 0.05) 

7 GB on SGB1 shield < 0.05 < 0.05 <0.07 
(0.05) 

< 0.05 

 
 



Page 23 of 28 
 

Based on the STAC8 calculation, the dose rates outside of the beam transport pipe and PGM 
housing are consistent with the NSLS-II shielding policy for normal operating conditions as 
well as fault events. 
 
All shielding simulations should be validated by comparisons with measurements of the dose 
rates near the walls of the FOE, the beam transport pipe and the end station enclosure during 
commissioning.  
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Appendix 1 
21-ID ESM Beamline  
Input provided by Yi Zhu, John Tuozzolo and Chris Amundsen: updated on June 7, 2016 
 
Co-ordinate system 
For non-canted beamlines the z axis lies along the long or short straight centerline. The positions 
(z co-ordinates) of the various components are defined with respect to the center of the straight.  
The SS centerline was used as the z or beamline axis for the FLUKA models. Y is the vertical axis 
and x the horizontal axis orthogonal to the y and z axes. 

 
 
Table 1.1 Beamline Enclosures 
 

Wall Position Thickness Material 
D/S End of 21-ID-A Ratchet Wall Collimator 25474.0 mm   

D/S End of FOE (21-ID-A) Backwall 35468.2 mm 50 mm Lead 
Distance of FOE Sidewall from SS CENTERLINE 1627.3 mm 18 mm Lead 
Distance of FOE Roof from SS CENTERLINE  2102 mm 10 mm Lead 
Distance of FOE Floor from SS CENTERLINE 1400 mm -  

    
 
 
Table 1.2 Beamline Transport Pipe  
 
Transport Pipes extending 
beyond FOE back wall  

ID= OD= inches 
Material: Stainless Steel 

Shielding Thickness 0.0mm 
Shielding Material: Lead 

Point of exit 
Angle wrt Z axis 

 ID=3.834”, OD=4” 
SS thickness=0.083”=0.211cm 

Pipe is not shielded 2.5° (inboard) 
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Table 1.3 ESM Beamline Components and SGB shields. Specify U (upstream), D (downstream) or C 
(center) of component 

Components Z = Distance 
from SS 
centerline  
U,D or C  

Dimensions (specify units) Offset/ 
Rotation wrt 
Straight 
Centerline 

Material Associated 
Drawings 

Outer dimensions 
(W)x(H)x(L) 

Aperture  
(W)x(H) or (R) 

White Beam 
mask (New) 

26667.23 mm 
(US flange) 
Cu Block 

26667.23+17.45+
19.05 

85 mm X 85 mm 
174.63 mm(L) 

11.46 mm(Radius)(U) 
5.25 mm(Radius)(D) 

Z1=150.23 
Z2=174.65 

- Glidcop 
AL-15 

PD-ESM-BL-
MSK-1001 

Brem 
collimator  

26969.1 mm(U) 
 

152.4 mm(W)X 
152.4 mm(H)X 
304.8 mm(L) 

21.8 mm(W) 
21.8 mm(H) - Lead PD-ESM-BRS-

1000 

M1 Entrance 
mask 

29288.8 mm(U) 
 

See drawings  
(a)L=80.0 mm 

Reffective = 44 mm 
(b)L=8.0 mm 

Reffective = 30 mm 

Changed R(D)from 16 
to 13.0mm  

(a)36 mm(Radius)(U) 
6.5 mm(Radius)(D) 
(b) 6.5 mm(Radius) 

- Glidcop PD-ESM-BL-
MIR-1020 

White beam 
Mirror 29790 mm(C) 

70 mm(W)  
60 mm(H)  
605 mm(L) 

Rotates beam 2.5 
degree wrt Z axis 

Rotate 1.25 
degree wrt Y 

axis 
Silicon PD-ESM-BL-

MIR-0010 

White beam 
stop 

30157.7 mm 
surface center 

Length 70 mm 
OD: 77 mm 

Reffective = 35 mm 
- 

X: 3.2 mm 
Rotated -70 

deg  
copper 

PD-ESM-BL-
MIR-1007 

M1 Exit mask 
 

30214.6 mm(U) 
 

125 mm(W) 
80 mm(H)  
19 mm(L) 

 

Changed x=y from 
16 to 13.5mm 
13.5 mm(W) 
13.5 mm(H) 

Rotated 2.5 
deg  

X:-18.5 mm(U) 
 

OFHC PD-ESM-BL-
MIR-1008 

Pink Beam 
mask PBM #1    
PBMs 
identical 

30677.6 mm(U) 
 

See drawings  
47.1 mm (Radius) 

27 mm(L) 

34.6 
mm(Diameter)(U) 

12.5 mm(Radius)(D) 
Z2=27.0-4.4=22.6 mm 

X:-38.8 mm(U) 
 

Glidcop 
AL-15 

PD-ESM-MSK-
1100 

Except for 
aperture size 
PBM #2 

31029.6 mm(U) 
See drawings  

47.1 mm (Radius) 
27 mm(L) 

40.6 mm(Radius)(U) 
7.25 mm (Radius)(D) 

Z2=22.6 mm 

X:-54.1 mm(U) 
 

Glidcop 
AL-15 

PD-ESM-MSK-
1025 
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Shielding 
wall SGB1 

31105.9 mm(U) 
 

609.6 mm(W)X 
609.6 mm(H)X 
101.6 mm(L) 

 

38.84 mm(W) 
24.8 mm(H) 

X:-57.5 mm(U) 
 

 
Lead PD-ESM-BRS-

1050 

Brem Stop  31207.5 mm(U) 
279.4 mm(W) 
127 mm(H) 
203.2 mm(L) 

38.84 mm(W) 
24.8 mm(H) 

X:-61.9mm(U) 
 

 
Lead PD-ESM-BRS-

1050 

Pink Beam 
mask #3 33216.1 mm(U) 

See drawings  
47.1 mm (Radius) 

27 mm(L) 
 

41.1 
mm(diameter)(U) 

7.5 mm (Radius)(D) 
Z2=22.6 mm 

X:-149.6mm(U) 
 

Glidcop 
AL-15 

PD-ESM-MSK-
1050 

Photon 
Shutter 
Simplified 
model 

34932.6 mm (C) 
12.5 cm (W)    
15 cm (H) 

      3.8cm (L)  

40 mm × 25 mm 
Centered wrt block 

X:-224.5mm(U) 
 Tungsten

PD-COM-PSH-
1000 

(unreleased) 

Pink Beam 
mask PBM #4 35087.3 mm(U) 

See drawings  
47.1 mm (Radius) 

27 mm(L) 
 

41.6 
mm(Diameter)(U) 

7.75 mm(Radius)(D) 
Z2=22.6 mm 

X:-231.3mm(U) 
 
 

Glidcop 
AL-15 

PD-ESM-MSK-
1075 

Guillotine  35317.2 mm(U) 
84 cm W  
80 cm H  
10 cm (L) 

External diameter 
of pipe = 4 inch 

centered on 
beamline not 
SS centerline 
X:-24.22cm 

Lead  

 
Table 1.4 Beamline Components outside the FOE 
 

Components Z = Distance 
from SS 
centerline  
U,D or C  

Dimensions (specify units) Offset/ 
Rotation wrt 
Straight 
Centerline 

Material Associated 
Drawings 

Outer dimensions 
(W)x(H)x(L) 

Aperture  
(W)x(H) or (R) 

Plane grating 
monochromator 
(PGM) housing  

40654.2 mm(C) OD=1100.0 mm 
ID=1084.0 mm 

Height 700.0 mm 
 

 SS Cylinder  
-30 <Y< 40 cm 
X:-474.3 mm 

SS PD-ESM-PGM-
1000 

PGM Entrance 
mask 

- 555.2 mm(U) 
Along 

(a)95mm(W)58mm(H) 
5mm (L) 

(a)20 mm(W)20 
mm(H) 

 OFHC PD-ESM-PGM-
1001 
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2 blocks reflected beam 
from M1 

(b)95mm(W)100(H) 
12mm(L) 

(b)20 mm(W)20 
mm(H) 

PGM Exit mask 
2 blocks 

+545.2mm(U) 
Along 

reflected beam 
from M1 

(a)95mm(W) 
102mm(H)12mm (L) 
(b)60mm(W)58mm(H) 

5mm (L) 

16 mm (W)46 mm(H) Y: +40 mm   OFHC PD-ESM-PGM-
1002 

Secondary Brem 
stop #1 

Exit mask posn 
+0.5+1.2+1.7cm 

See drawings 
40 mm(L) 

See drawings  
Y:+40 mm 

Tungsten PD-ESM-PGM-
1002 

Secondary Brem 
stop #2 

Exit mask posn 
+1.7+1.7+4.0cm 

See drawings 
10 mm(L) 

See drawings  
Y: +40 mm 

Tungsten PD-ESM-PGM-
1002 

PGM mirror is 
not in center 
of the tank 

-207 mm(C) 
Along 

reflected beam 
from M1 

60mm(W)X70mm(H)X 
585 mm(L) 

- Top surface 
at y=0 in 

rotated 3.1 d 
wrt x axis 

Silicon PD-ESM-BL-
MIR-0020 

Monochromator 
Grating 

+125.5mm(C) 
Along 

reflected beam 
from M1 

40 mm(W)40 mm(H) 
165 mm(L); 

-  
Y: +40 mm 

Silicon PD-ESM-BL-
GRTG-0001 
PD-ESM-BL-
GRTG-0002 

Pipe connector 
at PGM exit 

mask 

Pipe thickness 
5mm 

Flange 
thickness 22mm 

     

Pipe connector 
at PGM 

entrance mask 

Pipe thickness 
5mm 

Flange 
thickness 22mm 

     

 
 
Table 1.5 Front End and Beamline Components for FLUKA Calculations 
 
 
Front End 
Components 

Z location(m) 
(Distancefrom 
SS center) 

(U),(D)or (C) 

Dimensions Offset  
From SS 

centerline 

 
Material 

 
Associated 
Drawings Outer dimensions 

(W),(H),(L) 
Apertures, mm  

(W)x(H) or (R) 
Lead collimator 

LC01 
19356.18 mm 

(U) 
406.41mm (W) 
101.60mm (H) 
304.80 (L) 

32.19mm (W)  
28.09mm (H) 

0 Lead SR-FE-CO-3120



 

Page 28 of 28 
 

Photon Shutter PSH 21505.97 mm 
(U) 

107.95mm (W) 
82.55mm(H) 
254.00(L) 

63.63mm (W)  
18.67mm (H) 

0 Glidcop 
Al-15 

SR-FE-PSH-
3004 

Lead collimator 
LC02 

22285.03 mm 
(U) 

457.20mm (W) 
127.00mm (H) 
304.80mm (L) 

53.79mm (W)  
41.08mm (H) 

0 Lead SE-FE-CO-3100

Safety Shutter 
SS1 

22865.31 mm 
(U) 

165.10mm(W)  
123.83mm(H) 
304.80mm(L) 

  Lead SR-FE-SS-4000

Safety Shutter SS2 23439.80 mm 
(U) 

165.10mm(W)  
123.83mm(H) 
304.80mm(L) 

  Lead SR-FE-SS-4100

Lead in Ratchet 
wall RC_26A-1 

24020.41mm 
(U) 

1397.0mm (W) 
508.00mm(H) 
254.00mm 

82.20mm(W) 
44.10mm(H) 

0 Lead SR-FE-RCO-
0500 

Lead block  
RC_26A-2 

24274.58  mm 
(U) 

406.40mm(W) 
203.20mm(H) 
50.80mm(L) 

82.20mm(W) 
44.10mm(H) 

0 Lead SR-FE-RCO-
0500 

Poly Block 
RC_26A-3 

24325.21mm 
(U) 

406.40mm(W) 
203.20mm(H) 
152.40mm(L) 

82.20mm(W) 
44.10mm(H) 

0 HDPE SR-FE-RCO-
0500 

Air gap 
RC_26A-4 

 6.93 cm (L)  0 Air SR-FE-RCO-
3110 

Concrete block 
RC_26A-5 

24546.88 mm 
(U) 

317.50mm (W) 
139.70mm (H) 
387.35mm (L) 

82.20mm (W) 
44.10mm (H) 

0 Concrete SR-FE-RCO-
3110 

Air gap 
RC_26A-6 

 23.49 (L)  0 Air SR-FE-RCO-
3110 

Lead block RCO 
RC_26A-7 

25169.19mm 
(U) 

2547.4 cm (D) 

278.64mm (W) 
158.75mm (H) 
304.80mm(L) 

40.14mm (W) 
36.19mm (H) 

0 Lead SR-FE-RCO-
3110 

 

Total thickness of ratchet wall= 2547.4-2402.04=145.36 cm 

 
 


