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1. INTRODUCTION

The purpose of this report is to determine the shielding required, both on the inside and outside
of the penetration through the storage ring shielding, which is required for the FIS/MET
beamlines IR beampipe. The aim is to ensure that the dose rates in the occupied areas near the
penetration comply with the NSLS-11 shielding policy [1] for both normal and abnormal beam
loss conditions. In this report, ambient dose equivalent rates are reported in units of mrem/h.
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Figure 1: The layout of FIS/MET showing the beamlines components inside the storage ring
tunnel and some components at the exit of the penetration. The storage ring shielding outer
wall is shown horizontally, cut-away at the height where the IR beampipe passes through. The
additional installed shielding is labeled in red.
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Figure 1 shows the 22BM-FIS/MET IR beamlines components that are inside the storage ring
tunnel and some components near the exit the penetration for the IR beampipe. The additional
shielding that was required to meet the NSLS-11 shielding policy [1] consist of the Borated
High-Density Polyethylene (HDPE) wall, Lead Shield, and Borated HDPE box, which are
labeled in red.

2. RADIATION SHIELDING ANALYSIS

The beam loss scenarios that were considered to estimate dose rates in the occupied areas near
the penetration for the IR beampipe and to determine if additional shielding is required
included the following:

1. Gas Bremsstrahlung and Synchrotron Radiation striking upstream components in the
23-1D Front End (FE) and components inside the IR dipole vacuum chamber.

2. Mis-steered injected beam (fault condition) striking the IR dipole vacuum chamber,
Mirror M1 inside the vacuum chamber, and the quadrupole upstream of the vacuum
chamber.

3. Routine stored electron beam losses.

4. Mis-steered injected beam (fault condition) striking components along the 23-ID FE.

The FLUKA model used for the simulation discussed herein is described in Appendix 1. In
scenario 1 of the GB and SR, the leakage radiation is expected to be negligible. As an example,
Figure 2 shows the total ambient dose rate distribution inside and outside of the storage ring
tunnel, near the IR beamline penetration when the GB strikes mirror M1 inside the IR dipole
vacuum chamber. As shown in Figure 2(d) the amount of radiation leakage is negligible,
leading to ambient dose rates of less than 0.001 mrem/h with no additional shielding required.
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Figure 2: The total dose distributions (mrem/h) inside the storage ring tunnel and outside near
the penetration for the IR beampipe. In this case, GB strikes the mirror M1 inside the IR dipole
chamber. The left figures show a plan view at the elevation of the penetration of the IR beam
pipe (a) and electron orbit (b). Figure (c) shows the elevation view through the center of the
penetration and Figure (d) shows the total ambient dose rates at the exit of the IR beampipe
penetration.

As another example, Figure 3 shows the total ambient dose rates distribution inside and outside
of the storage ring tunnel, near the IR beamline penetration, when the GB strikes the bending
magnet photon shutter located upstream of the 23-ID FE. As in the previous case, the amount
of radiation leakage is negligible, leading to ambient dose rates of less than 0.001 mrem/h (see
Figure 3(d)) and therefore no additional shielding is required.

Page 3 0f 11



:[12623.0618
|@v.x |

Fahoo

liza00] &

| ¥! F| Green

R F s e b S

—1300°--1200 -1160 -1000 =300 -800 -700  -G00

y:|0

=300
v w| O @ Media i _| ¥| FeMagenta

=200

gl “_ >
“| 11 Dose rates < 0,001 mrem/h ., b
. (through the IR BL penetration)

; : - ST gL’ o :

} s t o : T

¥ et

Figure 3: Same as Figure 2 but with GB striking the bend magnet photon shutter located at
the upstream end of the 23ID FE.

In scenario 2, mis-steered beam striking storage ring components near the penetration of the
IR beam pipe is considered in detail, because the amount of radiation leakage through the
penetration can be significant compared to the cases of GB and SR. In all FLUKA simulations
for scenario 2, a pencil beam of 3 GeV electrons is assumed for the electron beam and the
results are normalized to a booster to storage ring injection charge rate of 15 nC per second.
As per the NSLS-11 Shielding Policy [1], the radiation dose criteria for the fault conditions
considered below should be below 100 mrem/h. As it will be shown, additional shielding will
be required for these fault conditions to keep the ambient dose rates below 100 mrem/h. The
following cases were considered:

1. Electrons mis-steered on the inboard side of the IR dipole vacuum chamber
2. Electrons mis-steered on the outboard side of the IR dipole vacuum chamber
3. Electrons mis-steered into the M1 mirror inside the IR dipole vacuum chamber

4. Electrons mis-steered on the last quadrupole on girder 4 just upstream of the IR dipole
vacuum chamber

FLUKA simulation results will be shown for cases 1 and 3 and a summary of the dose rates
results will be given for all cases. Figure 4 shows the total ambient dose rates distribution
inside and outside the storage ring tunnel near the IR beamline penetration when the
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electron beam is mis-steered toward the inboard side of the IR dipole vacuum chamber. In
this simulation the only shielding that is included is the Borated HDPE box located at the
exit of the penetration for the IR beam pipe. Clearly, the total dose rates exceed 100 mrem/h
immediately above the box and exceed 1000 mrem/h inside the box. The neutron
contribution to the total ambient dose rate is given in Figure 4(d), which also exceeds 100
mrem/h/.
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Figure 4: The total dose distributions (mrem/h) inside the storage ring tunnel and outside near
the penetration for the IR beampipe. In this case, mis-steered electron beam strikes the inboard
side of the IR dipole vacuum chamber. The Borated HDPE box shielding is included in the
simulation. The left figures show a plan view at the elevation of the penetration of the IR beam
pipe (a) and electron orbit (b). Figures (c) and (d) show the total and neutrons ambient dose
rates respectively at an elevation view through the center of the penetration.

1500 gt 2O OO I =200, - =

Figure 5 shows the total ambient dose rates distribution inside and outside of the storage ring
tunnel, near the IR beamline penetration when the electron beam is mis-steered toward the
inboard side of the IR dipole vacuum chamber with the Borated HDPE box and the Borated
HDPE wall shields included in the simulation. The total dose rate distribution at the exit of the
penetration has reduced in extent compared to the case with only the Borated HDPE box and
is below 1000 mrem/h inside the box. The total ambient dose rate still exceeds 100 mrem/h
immediately above the Borated HDPE box. The neutron contribution to the total ambient dose

rates are given in Figure 5(d), which are now below 100 mrem/h outside of the Borated HDPE
box.
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Figure 5: Same as Figure 4 but with both the Borated HDPE box and the Borated HDPE wall
near the IR dipole chamber shielding included in the simulation.

Figure 6 shows the total ambient dose rates distribution inside and outside the storage ring
tunnel, near the IR beamline penetration, when the electron beam is mis-steered toward the
inboard side of the IR dipole vacuum chamber, with the Borated HDPE box, the Borated HDPE
wall and the lead shield at the entrance of the penetration included in the simulation. The total
dose rates distribution at the exit of the penetration has reduced in extent compared to the case
with only the Borated HDPE box and the Borated HDPE wall, and is contained well within
the Borated HDPE box. The total ambient dose rates are now below 100 mrem/h outside the
Borated HDPE box. The neutrons contribution to the total ambient dose rates is given in Figure
6(d) and are similar to the case with the Borated HDPE box and the Borated HDPE wall.
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Figure 6: Same as Figure 4, but with the
near the IR dipole chamber and the lead shields included in the simulation.
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The total ambient dose rates for case 3, where electrons are mis-steered into the M1 mirror,
inside the IR dipole vacuum are given in Figure 7. In these plots the Borated HDPE box,
Borated HDPE wall and lead shield are all included in the simulation. The total ambient dose
rates are below 100 mrem/h outside the Borated HDPE Box. The neutrons contribution to the
total ambient dose rates is given in Figure 7(d) and are similar to the case with Borated HDPE
box and Borated HDPE wall.
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Figure 7: Same as Figure 6 but with electrons mi-steered into the M1 mirror located inside
the IR dipole vacuum chamber.
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In Table 1, the total ambient does rates are given at 4 detectors locations as illustrated in Figure
8. Detector DSW3 is inside the Borated HDPE Box and is not directly accessible to people,
while detectors DSW2 and DSW4 are immediately outside the Borated HDPE Box and can be
accessible to people. Detector DSW1 is positioned at electron beam orbit height. The total
ambient dose rates for the four electron beam mis-steering scenarios are given in Table 1 at
the four detectors location. The highest ambient does rates are obtained when the mis-steered
electron beam strikes the outboard side of the dipole vacuum chamber. Clearly, the Borated
HDPE Box is not enough to keep the total ambient dose rates below 100 mrem/h. However,
with the Borated HDPE Wall, Lead Shield and Borated HDPE Box in place, the total ambient
dose rates should be below 100 mrem/h and therefore comply with the NSLS-I1 shielding
policy [1] for fault conditions.

I GSDPO

Figure 8: Locations of the detectors used for scoring the radiation dose inside and outside the
Borated HDPE Box.
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DSW1 DSw2 DSW3 DSW4

Mirror M1 with BP Box 4330 67.90  245.97 85.59
Mirror M1 with BP Box, BP Wall and Pb  43.29 47.04  188.20 (0.23) 50.04
Shield

Dipole VC I/B with BP Box 8453 157.44 737.41 206.31

Dipole VC I/B with BP Box, BP Wall and 82.84 75.08  159.07 (0.19) 61.98
Pb Shield

Dipole VC O/B with BP Box 72.74 264.90 1544.82 312.96
Dipole VC O/B with BP Box, BP Wall 57.80 64.17  201.98 (0.25) 59.25
and Pb Shield

G4 Quadrupole with BP Box 28.38 3344  142.58 45.07
G4 Quadrupole with BP Box, BP Wall 27.82 2892 8866 (0.11) 3577
and Pb Shield

Table 1: Total ambient dose rates for the four electron mis-steering conditions. VC: Vacuum
Chamber, I/B: inboard, O/B: outboard, BP: Borated HDPE. See Figure 1 for shielding
locations. The numbers in parentheses are for electron beam routine losses.

The numbers in parentheses are for scenario 3, where electron beam routine losses are assumed
at 1.1 nC/min and are obtained by multiplying the dose rates for electron mis-steering
conditions by 0.12%. The NSLS-II shielding policy [1] for normal beam losses requires dose
rates to be kept below 0.5 mrem/h and as shown in Table 1, total ambient does rates
(highlighted in green) for the four beam loss cases are below 0.5 mrem/h.

Finally, we consider scenario 4 where injected electrons could be transported down the FE of
23-1D and strike FE components. As an example, Figure 9 shows the total ambient dose rates
distribution inside and outside of the storage ring tunnel near the IR beampipe penetration,
when the injected electron beam strikes the FE slits. As shown in Figure 9(d) the amount of
radiation leakage is negligible leading to ambient dose rates of less than 10 mrem/h with no
additional shielding required.
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Figure 9: The total dose distributions (mrem/h) inside the storage ring tunnel and outside near
the penetration for the IR beampipe. In this case, mis-steered electron beam strikes components
in the FE of the 23-ID beamline. The left figures show a plan view at the elevation of the
penetration of the IR beampipe (a) and electron orbit (b). Figure (c) shows the elevation view
through the center of the penetration and Figure (d) shows the total ambient dose rates at the
exit of the IR beampipe penetration.

3. SUMMARY AND CONCLUSION

The radiation shielding analysis of the IR FIS/MET beampipe penetration has been carried out
with FLUKA Monte Carlo radiation transport code. The analysis indicates the need for
additional shields to conform to the NSLS-1I Radiation Shielding Policy [1]. The additional
shielding consists of a Borated HDPE Wall near the IR dipole vacuum chamber (Drawing No.
SR-FE-SHLD-0130), a lead shield at the entrance of the IR beampipe penetration (Drawing
No. SR-FE-SHLD-0110), and a Borated HDPE box at the exit of the IR beampipe penetration
(Drawing No. SR-FE-SHLD-0160). The shielding has been installed and is under
configuration control.

4. REFERENCES
[1] Photon Sciences Shielding Policy, PS-C-ASD-POL-005, March 26, 2014.
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APPENDIX 1
The FLUKA model used for this study was built based on the following engineering drawings

SR-SHLD-LAY-2000 Rev.1

SR-FE-SHLD-0130 (Borated HDPE near the dipole chamber)
SR-FE-SHLD-0110 (lead at the entrance of the penetration)
SR-FE-SHLD-0160 (Borated HDPE box at the exit of the penetration)
SR-FE-EPUN1-1101 (CSX Front End, Ray Trace Drawing)
SR-FE-EPUN1-1100 (CSX Front End, Assembly Drawing)

ouhkwnE

Additional information by the NSLS-1I Design Engineer Mark Breitfeller and included
shielding, exit absorber, IR dipole vacuum chamber, stick absorber, mirror M1 and Bending
Magnet Photon Shutter.
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