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06BM (BMM) Top-Off Radiation Safety Analysis

1. Introduction

The primary radiological safety concern for Top-Off injection, with the Front End (FE)
safety shutters open, is the scenario where injected electrons could be transported down to
the beamline through the FE due to an erroneous combination of lattice magnetic field
settings and beam energy. These electrons will scatter off the FE components resulting in
secondary radiation, which will further scatter off components in the First Optics Enclosure
(FOE), thereby leading to potentially high dose rates on the FOE walls. The radiological
consequences of this fault condition specifically for 06-BM (Beamline for Materials
Measurement [BMM]) are analyzed and discussed in this report. For this beamline, FE
components up to and including Mirror M1 lie along the short straight (SS) centerline while
remaining FE components, ratchet wall collimators, and FOE components are vertically
offset. The goal of the simulations documented here was to estimate the radiation dose levels
generated outside the FOE during this Top-Off fault condition, thus evaluating the efficacy
of the FE radiation safety components and the FOE shielding. This beamline was not covered
by the Top-Off design report issued in 2014 [1].

The layout of the 06-BM (BMM) FE components is presented in Figure 1 and the layout of
the FOE components is presented in Figure 2.
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Figure 1: Layout of 06-BM (BMM) FE showing major components consisting of Masks,
Collimators, Mirrors, Safety Shutters, and Ratchet Wall Collimator.
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Ifi.gure 2: Layout of 06-BM (BMM) Beamline

Based on the backward particle tracking simulation for 06BM-BMM beamline [2], the safe
end point for the injected electron beam is upstream of FM1 and assuring that the electron
beam will not go through the FM1 aperture and intercept downstream FE components such
as M1 mirror and fixed masks. FLUKA simulations were performed with a pencil beam
striking the front face of FM inboard and outboard from the aperture edge.

The Top-Off radiological analysis for 06-BM (BMM) is discussed in Section 2, the FLUKA
model is described in Section 3 and the results of the simulations are discussed in Section 4.
A summary and conclusions are presented in Section 5.

This report can be used as a basis to approve the Top-Off Operation of the 06-BM (BMM)
beamline, provided that the beamline and shielding configuration are not changed. The Top-
Off Operation of new beamlines and the approval process shall be in accordance with
procedure PS-C-ASD-PRC-183 [3].

2. Top-Off Radiological Scatter Targets

At NSLS-11, the TOSS guarantees that the injected electron beam does not channel down the
FE and into the beamline FOE. The 06-BM (BMM) beamline has one mirror M1 in the FE,
which reflects the synchrotron beam upward as illustrated in Figure 3. The apertures of the
FE components downstream of M1, which consist of Fixed Mask 2 (FM2), Fixed Mask 3
(FM3), Fixed Mask 4 (FM4), Photon Shutter (PSH), Lead Collimator 2 (LCO2) and the
ratchet wall collimator (RCO), are shifted vertically by 5.3 mm to 66.8 mm upward with
respect to the short straight centerline to allow the pink beam to exit the FE and enter the
FOE. Top-Off particle tracking simulation which takes into account the TOSS interlock
specifications [1] was carried out for 06-BM (BMM) using the apertures of the Exit Absorber
and FM1 as the TOSS apertures as described in details in Reference 2. The particle tracking

simulation establishes that the injected electron beam will have at least a 2 mm distance
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away from the FM1 nominal aperture and therefore will not pass through the aperture of
FM1 and strikes downstream FE components. Therefore the upstream face of FM1 is the
TOSS end safe point for the 06-BM (BMM) beamline. For the Top-Off radiological analysis,
the injected electron beam impact at FM1 is assumed to be 2 mm on the inboard and

outboard side of the aperture.
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Figure 3: 06-BM (BMM) FE vertical ray tracings for synchrotron.
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3. Description of the FLUKA Model

The plan and elevation views of the FLUKA geometry used for the Top-Off simulations of
the 06-BM (BMM) beamline are shown in Figure 4. The input used to generate the FLUKA
model is listed in Appendix 1. In all cases studied here, the SGB shield 3 was not included in
the simulations and was set to air. The FLUKA input and output files are kept in the
Radiation Physics Folder.
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Figure 4: FLUKA Model used in Top-Off simulation of the 06-BM (BMM) (a) Front End and (b)
Beamline
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ACRONYMS:

ARM
BC
BM
BMM
BRS
DCM
FA
FE
FM
FOE
FS
GeV
LCO
M
NSLS-II
PBS
PSH
RCO
SBS
SGB
SDS
SSH
TOSS
WBS

Area Radiation Monitor
Bremsstrahlung Collimator

Bend Magnet

Beamline for Material Measurement
Bremsstrahlung Stop

Double Crystal Monochromator
Filter Assembly

Front End

Fixed Mask

First Optical Enclosure
Fluorescence Screen

Giga Electron Volts

Lead Collimator

Mirror

National Synchrotron Light Source Il
Pink Beam Stop

Photon Shutter

Ratchet Wall Collimator
Secondary Bremsstrahlung Shield
Secondary Gas Bremsstrahlung
Shadow Shield

Safety Shutter

Top-Off Safety System

White Beam Stop

Page 5 of 20




4. Results for Top-Off FLUKA Simulations

In all FLUKA simulation, a pencil beam of 3 GeV electrons is assumed for the injected beam
and all dose rates are normalized to a booster to storage ring injection charge rate of 45
nC/min. As described in section 2, the beam is assumed to start just upstream of the front
face of FM1.

The aperture of the FE collimators, LCO2 and RCO, primarily determines the amount of
radiation transmitted into the FOE. In table 1, the aperture dimensions for 06-BM (BMM) are
compared to those for 08-BM (TES) and 17-BM (XFP), noting that both BMM and XFP
have no LCO3. The parameters for 08-BM (TES) are extracted from the 08-BM (TES) Top-
Off Radiation Safety Analysis [5] and the ones for 17-BM (XFP) are extracted from the 17-
BM (XFP) Top-Off Radiation Safety Analysis [6].

Table 1: LCO2 and RCO aperture Dimensions

06BM-BMM 08BM-TES 17BM-XFP

LCO2 Dimensions X (mm) 57.92 43.94 36.42
LCO2 Dimensions Y (mm) 26.73 14,51 33.60
LCO3 Dimensions X (mm) -- 62.76 --
LCO3 Dimensions Y (mm) -- 18.43 --
RCO Dimensions X (mm) 116.00 106.00 106.38
RCO Dimensions Y (mm) 68.00 56.00 57.84
Vertical Offsets (mm) 50.2/--/66.80 | 25.0/25.0/25.0 62.34/--/187.29
LCO2/LCO3/RCO

The dimensions of the 06-BM (BMM) LCO2 vertical apertures are smaller than those for
XFP, but the horizontal dimensions are larger than those for TES and XFP. The RCO
dimensions are approximately 10 mm larger than those for TES and XFP. The 06-BM
(BMM) simulations were undertaken to evaluate the implications of the apertures sizes of
LCO2 and RCO on the dose rates outside the FOE walls and roof.

The following two scenarios were considered in the FLUKA simulation analysis and the
radiation dose results are reported in this section.

1. Injected beam starting 2 mm from the inboard side of FM1 aperture
2. Injected beam starting 2 mm from the outboard side of FM1 aperture

The dose rates on the walls and roof the FOE were found to be below 30 mrem/h for both
cases. We have also considered a front end configuration when the XY slits are in the closed
position or the M1 mirror out the beam and the dose rates were found slightly lower
compared to the routine configuration when the M1 mirror is inserted into the beam due
partly to the attenuation by the slits and FM2 copper body of the forward directed radiation.

4.1 Injected Beam Starting at the Inboard Side of the Downstream Aperture of FM1

In this simulation, the injected electron beam was started just upstream of the selected point
of contact and impinges 2 mm from the inboard side of the FM1 aperture. The total dose
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distributions (mrem/h) in the FE and FOE are shown in Figure 5 and the corresponding
neutron distributions are given in Figure 6.

Bl

Figure 5: Total dose rate distributions (mrem/h). The Top view at y=6.6 cm (center of the RCO) is
shown in the top figure and the elevation view is shown in the bottom figure.
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Figure 6: Nz'utron dose rate distributions (mrem/h). The Top view at y=6.6 cm (center of the RCO)
is shown in the top figure and the elevation view is shown in the bottom figure.

When the electrons strike near the apertrure of FM1, the beam is scattered largely in the
forward direction with the more intense radiation traveling through the aperture until it is
further scattered by M1 mirror mostly in the forward direction and scattered radiation
intercepted by fixed masks and attenuated by LCO2 and the ratchet wall shielding, except the
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radiation that passes through the apertures of LCO2 and RCO. This radiation then strikes
beamline components in the FOE; in particular FM and SBS1.

Figure 7 shows that the total dose rates on the roof, lateral walls and downstream do not
exceed 100 mrem/h. The total dose rates on contact with the roof and lateral wall have a
maximum of approximately 20 mrem/h and 10 mrem/h respectively. The total dose rate on
contact with the downstream wall is less approximately than 30 mrem/h.
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Figure 7: Total dose rate distributions (mrem/h) (a) on the roof, (b) on contact with the downstream
FOE wall, (c) on the upstream lateral wall (bump-out wall), and (d) on the downstream lateral wall.

4.2 Injected Beam Starting at the Outboard Side of the Downstream Aperture of FM1

In this simulation, the injected electron beam was started just upstream of the selected point
of contact and impinges 2 mm from the outboard side of the FM1 aperture. The total dose
distributions (mrem/h) in the FE and FOE are shown in Figure 8. These dose rates are similar
to those discussed in section 4.1. For both cases, the dose rates on the roof and walls of the
FOE are well below 100 mrem/h.
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Figure 8: Total dose rate distributions (mrem/h). The Top view at y=6.6 cm (center of the RCO) is
shown in the top figure and the elevation view is shown in the bottom figure.
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5. Summary and Conclusions

A backward particle tracking analysis has been carried out by the NSLS-II Accelerator
Physicists and determined that electrons will not travel beyond FM1, which becomes the safe
end point for Top-Off operation of the 06-BM (BMM) beamline [2]. Under such conditions
FLUKA simulations as described in sections 4.1 and 4.2 shows that the total dose rates on
the walls and roof of the 06-BM (BMM) FOE were found to be less than 100 mrem/h.
According to the NSLS-I1 Shielding policy [4], radiation fields below 100 mrem/hr for such
a fault condition do not require any additional engineered controls beyond what TOSS
provides. In addition to the LCOs and RCO, which are identified as 06-BM (BMM) FE
Radiation Safety Components, the FE components used in the particle tracking analysis (Exit
Absorber and FM1) should have their apertures and positions kept under configuration
control for the purposes of Top-Off safety at 06-BM (BMM).
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Appendix 1

06BM-BMM Input provided by Mark Breitfeller and John Fabijanic: updated on March 21, 2017.

The source point is the origin of the co-ordinate system. The FE centerline was used as the z or beam 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 Enclosure: First Optical Enclosure

wall Position Thickness Material
D/S End of 6-BM-A Ratchet Wall 2360.86 cm
D/S End of FOE (6-BM-A) Backwall 3210.03 cm 5.0 cm Lead
Distance of Sidewall from straight CENTERLINE 97.14 cm (inside) 1.8 cm Lead
Distance of Roof from straight CENTERLINE 210.00 cm 0.4 cm Lead
D/S End of FOE bump-out (6-BM-A) Backwall 2735.88 cm 5.0 cm Lead
Distance of bump-out Sidewall from straight 152.74 cm (inside) 1.8 cm Lead
CENTERL INE
Table 1.2 Beamline Transport Pipe
Transport Pipe between FOE & ID= 14.98 cm Shielding Thickness = 0.5 cm
experimental enclosure 0D=15.60 cm Shielding Material: Lead
Material: Stainless Beampipe is 9.69 cm (y) above center line
Steel
Table 1.3 Beamline FOE Components for FLUKA Calculations
Shielding Z location Dimensions (specify units) Offset Material Associated
(Distance (vertical or Drawings
from S.S. Outer dimensions Aperture horizontal)
center) (Wx(Hx(L) (Wx(H) or (R) Straight
Ws), (bs) (MAX includes mfr & CENTERLINE
or center positional
tolerance)
Crotch Absorber 305.8 cm 26.44cm (X) 2.547cm (X) -0.347cm (X) Glidcop SR-VA-ABS-1098
s) 4.24 cm [body] 1.392cm (y) AL-15
1.40 cm(y) [tip]
4.445 cm (2)
Exit Absorber 463.2 cm 6.93cm (X) 1.80cm (x) MAX 0 Cu-Cr-Zr SR-FE-3PW-ABS-0011
s) 6.93cm (y) 1.80cm (y) MAX
1.91cm (2) Aperture .85 cm (X)
offset from body
ctr
FM1 809.1 cm 22.86cm (X) DS & US (No Taper) 0 Cu-Cr-Zr SR-FE-3PW-MSK-1911
(DS) 15.24cm (y) 1.628cm (x) MAX
4.445cm(2) 0.253cm (y) MAX
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LCO1 813.6 cm 41.25 cm (x) MIN Lead Aperture 0 Lead SR-FE-3PW-C0-0900
ws) 15.0 cm (y) MIN 3.323cm (x) MAX
30.0 cm (2) MIN 2.140cm (y) MAX
Be Window 887.0 cm 15.24cm (X) 3.86cm (xX) MAX 0 Glidcop SR-FE-3PW-WIN-0200
© 15.24cm (y) 0.70cm (y) MAX with
2.54cm (2) Beryllium
foil in
aperture
X-Y Slit 1 1087.1 cm 18.42cm (X) Max opening (30mm H 0 Cu-Cr-Zr | SR-FE-3PW-SLT-2011
© 19.37cm (y) X 10 mm V)
6.03cm (2) Minimum opening
(-10 mm overlap)
X-Y Slit 2 1135.0 cm 18.42cm (X) Max opening (30mm H 0 Cu-Cr-Zr SR-FE-3PW-SLT-2021
© 19.37cm (y) X 10 mm V)
6.03cm (2) Minimum opening
(-10 mm overlap)
Collimating 1300.0cm(C) Silicon PD-BMM-MIR-1001
Mirror
FM2 1377.2 cm 22.86¢cm (X)) DS: 3.222cm (X)MAX +.53cm (y) Cu-Cr-Zr SR-FE-3PW-MSK-1912
(DS) 15.24cm (y) DS: 0.759cm (y)MAX
4.445cm(z2) Vert angle = 1 deg
US: 0.832cm (y)MAX
Inboard Shadow 1430.1 cm 17.5cm (xX) MIN No aperture X = -7.62cm Lead SR-FE-3PW-8015
Shield ws) 30.0cm (y) MIN (outboard
30.0cm (z) MIN face)
FM3 1898.9 cm 22.86cm (X) DS: 4.271cm (X)MAX +4.19 cm (y) Cu-Cr-Zr SR-FE-3PW-MSK-1914
(DS) 15.24cm (y) DS: 1.018cm (y)MAX
4.445cm(2) Vert angle = 1 deg
US: 1.092cm (y)MAX
Photon Shutter 1985.1 cm 15.24cm (X) DS & US (No Taper) Y=4_.79 cm Cu-Cr-Zr SR-FE-3PW-PSH-0111
© 15.88cm (y) 5.334cm (%) to SR Beam Ht
3.175cm (2) 1.524cm (y) when open
(aperture offset to
part C/L, y = -2.50
cm)
FMm4 2016.8 cm 22.86cm (X) DS: 4.502cm (xX)MAX +5.02cm (y) Cu-Cr-Zr SR-FE-3PW-MSK-1913
(DS) 15.24cm (y) DS: 1.064cm (y)MAX
4.445cm(2) Vert angle = 1 deg
US: 1.138cm (y)MAX
LCO2 2021.3 cm 50.0cm (x) MIN Lead Aperture +5.02cm (y) Lead SR-FE-3PW-C0-0950
s) 15.0cm (y) MIN 5.792cm (x) MAX
30.0cm (z) MIN 2.673cm (y) MAX
Safety Shutterl 2086.1 cm 17.5cm (xX) MIN Tube Aperture Y=+5.47cm Lead SR-FE-3PW-SS-4000
ws) 17.5cm (y) MIN 9.4 cm (X) when open
30.0cm (z) MIN 3.4 cm (y)
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Safety Shutter2 2150.0 cm 17.5cm (xX) MIN Tube Aperture Y=+5.92cm Lead SR-FE-3PW-SS-4100
ws) 17.5cm (y) MIN 9.4 cm (X) when open
30.0cm (z) MIN 3.4 cm (y)
Lead in Ratchet 2216.1cm 180.0 cm (x) MIN Lead Aperture +6.68cm (y) Lead SR-FE-3PW-RC0O-8000
wall RCO ws) 50.0 cm (y) MIN 11.6 cm (X) MAX Tube
25.0 cm (2) MIN 6.8 cm (y) MAX centerline
Lead block RC1 2241 .1cm 40.0 cm (xX) MIN Lead Aperture +6.68cm (y) Lead SR-FE-3PW-RC0O-8000
s) 20.0 cm (y) MIN 11.6 cm (xX) MAX Tube
5.0 cm (z) MIN 6.8 cm (y) MAX centerline
RCO Concrete 2329.0cm 28.9 cm (x) MIN Concrete Aperture +6.68cm (y) Lead, SR-FE-3PW-RC0-8180
Block & Ratchet (DS) 12.5 cm (y) MIN 11.6 cm (xX) MAX Tube concrete &
wall Material RCO Block 72.0 cm (z) MIN 6.8 cm (y) MAX centerline & HDPE SR-FE-3PW-RC0O-8000
RCO Lead Brick 2360.8cm 28.9 cm (x) MIN Lead Aperture +6.68cm (y) Lead, SR-FE-3PW-RC0-8180
(DS) 12.5 cm (y) MIN 10.4 cm (xX) MAX Tube concrete
30.0 cm (z) MIN 5.5 cm (y) MAX centerline & HDPE
Table 1.4 Beamline FOE Components for FLUKA Calculations
Components Z location Dimensions (specify units) Offset Material Associated
(Distance (vertical or Drawings
from 3PW Outer Aperture horizontal)
center) (U), dimensions (Wx(H) or (R) w.r.t
() or (Wx(H)x(L) (MAX includes mfr & Straight
center positional tolerance) CENTERLINE
Mask 2395.03 cm 9.0 cm & 3.80 cm (x) MAX 7.67 cm (V) Copper N/A
wrss) 1.8 cm/ 0.6 cm -82 cm (y) MAX above
(2 centerline
Fluorescence 2418.74 cm 5.0 cm (X) N/A 7.8 cm (V) Copper AFMO0O85 Rev. 2
screen © 4.0 cm (y) above
1.4 cm(2) centerline
Rotated 45
degrees around
horizontal axis
Filter 2436.80 cm 7.0 cm (X) N/A 11.85 cm (V) Copper AAMOO71 Rev. 1
Assemblyl © 12.4 cm (y) above with 3.5
1.1 cm (2) centerline cm wide x
0.85 cm
high
apertures
for thin
filters
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Filter Assembly 2440.5 cm 7.0 cm (X) N/A 11.85 cm (V) Copper AAMOO71 Rev. 1
2 © 12.4 cm (y) above with 3.5
1.1 cm (2) centerline cm wide x
0.85 cm
high
apertures
for thin
filters
Secondary 2461.49 cm 26.35 cm (X) 7.45 cm (xX) MAX 8.11 cm (V) Lead PD-BMM-RAYT-0001
Brems. shield s) 18.20 cm (y) 1.80 cm (y) MAX Aperture 1is
#1 10 cm (2) also 8.11 cm
(V) from center
line
DCM 1°* crystal 2551.96 cm 3.5 cm (X) N/ZA Top Surface of Silicon AHD6340 rev. 1
(MONO) © 5.0 cm (y) crystal is 8.7
4.5 cm (2) cm (V) from
Can be rotated center line
by max. angle
of 70 degrees
DCM 2" crystal 2561.26 cm 3.5 cm (X) N/A Bottom surface Silicon AHD6340 rev. 1
(MONO) © 6.0 cm (y) of crystal is
2.0 cm (2) 11.7 cm (V)
Can be rotated above center
by max. angle line
of 70 degrees
Pink Beam stop 2621.91 cm 11.2 cm (X) H (DS) 5.08 cm (X) Center 12.25 cm Cu-Cr-Zr PD-BMM-RAYT-0001
s) 11.2 cm (y) MAX (V) above
5.85 cm(2) V (DS) 2.08 cm (y) centerline
MAX
H (US) 8.08 cm (X)
MAX
V (US) 5.62 cm (y)
MAX
Primary Brems. 2631.21 cm 19.7 cm (X) N/A Bottom is 0.97 Lead PD-BMM-RAYT-0001
shield ws) 10.0 cm (y) cm above
20.0 cm (@) centerline
Secondary 2651.21 cm 66.10 cm (X) 6.40 cm (x) MAX 12.25 cm (V) Lead PD-BMM-RAYT-0001
Brems. shield s) 47.55 cm (y) 2.95 cm (y) MAX Aperture 1is
#2 10.00 cm (2) also 12.25 cm
(V) above
center line
Inflange 4- 2687.06 cm 2.5 cm (X) N/ZA 12.48 cm above Copper
blade slits © 2.5 cm (y) centerline
0.28 cm (2)
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Mirror 2 2847.30 cm 3.0 cm (X) N/A Center of Silicon
© 9.0 cm (y) mirror 2 is
110.0 cm (2) 17.02 cm above
(rotated@ 3.5 centerline
mrad max)
Secondary 2924 .75 cm 25.8 cm (X) N/A Bottom is 18.04 Lead PD-BMM-RAYT-0001
Brems. shield ws) 17.36 cm (y) cm above
#3 10 cm (2) centerline
ALL simulations
were performed
without Brems.
shield #3
Mirror 3 3038.1 cm 6.5 cm (X) N/ZA center of Silicon
© 6.0 cm (y) mirror3 is 17.5
110 cm (2) cm above
(rotated@ 3.5 centerline
mrad max)
Shutter 3148.3 cm 12.5 cm (X) 6.0 cm (X) 13.87 cm above Tungsten PD-COM-PSH-1000
(PSH) s) 15 cm (y) 3.0 cm (y) centerline
3.8 cm (2)
Guillotine 3195.16 cm 41 cm (X) 152.4 mm (67) guillotine and Lead 6-BM-A Guillotine
s) 44 cm (y) diameter aperture 9.69
10 cm (2) cm above
centerline
Hutch wall 3205.16 cm Collar 22.3 cm diameter wall 9.69 cm (y) Lead Hutch wall and
opening & s) dimensions 15.24 cm diameter above shielded pipe
collar square 44 cm (X) lead centerline collar
for 6-BM-A 44 cm (y)
hutch 1 cm (2)
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