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Memo

Date: July 7, 2017

To:  Daniel Fischer, Bruce Ravel, Joseph Woicik, Howard Robinson, Andrew Broadbent, and
Paul Zschack

From: Zhong Zhong (chair), Photon Science Radiation Safety Committee

Subject: Review of the radiation safety design of the 6-BM (BMM) beamline

Dear Dan, Bruce, Joe, Howard, Andy and Paul,

The Photon Science Radiation Safety Committee (RSC) conducted review of the design of the
BMM beamline, 6-BM, on Tuesday May 9, 2017. Subjects reviewed include synchrotron max-
fan and Bremsstrahlung drawings, Secondary Bremsstrahlung and synchrotron radiation
shielding analysis, top-off safety analysis, and aspects of thermal management that relate to
radiation safety.

Written documents

The following documents and drawings were reviewed:

1.

2.

BMM assembly drawing, PD-BMM-RAYT-0001 rev. A, by J. Fabijanic, sheet 1,
“BMM Beamline Raytrace”.

BMM Bremsstrahlung ray-tracing drawings, PD-BMM-RAYT-0001 rev. A, sheets 4
and 5 for horizontal and vertical projections, respectively. Detail for Bremsstrahlung
stop is included on sheet 6.

BMM max. synchrotron ray-tracing drawings, PD-BMM-RAYT-0001 rev. A, sheets 2
and 3 for horizontal and vertical projections, respectively. Additional details for the
beam stop are shown on sheets 6.

Powerpoint presentation “Beamline for Materials Measurement (BMM) Radiation
Safety Committee Review” presented by Bruce Ravel on behalf of Dan Fischer, May
9, 2017.

NSLS-11 technical note by M. Benmerrouche entitled “06BM BMM Beamline
Radiation Shielding Analysis” dated May 7, 2017. The document presents analysis
results of Gas Bremsstrahlung (GB) as well as Synchrotron Radiation (SR) at 500 mA.
NSLS-11 technical note, #247, by Yongjun Li and Ray Fliller, “BMM Top-off Safety
Tracking Analysis”, dated May 4, 2017.

NSLS-II technical note by M. Benmerrouche entitled “06BM (BMM) Top-off
Radiation Safety Analysis”, dated April 22, 2017.



Oral Presentation

Attendance: Andrew Ackerman, Mo Benmerrouche, Andy Broadbent, Bark Breitfeller, Mary
Carlucci-Dayton, Ray Fliller, Robert Lee, Bruce Ravel, Chuck Schaefer, Chris Stelmach, Joseph
Woicik, Emil Zitvogel, Yi Zhu, and Zhong Zhong

Bruce Ravel gave the presentation entitled “Beamline for Materials Measurement (BMM)
Radiation Safety Committee Review". Following the guideline from the memo by Paul Zschack
to the RSC on May 29, 2014, the following were discussed:

1.

10.

11.

BMM is an x-ray spectroscopy beamline using a standard three-pole wiggler as x-ray
source. The beamline optics consists of collimating mirror (bounce up) located at 13
m in the front-end; double crystal monochromator followed by two mirrors in the
First Optical Enclosure (FOE). A shielded beam pipe transports the monochromatic
beam from the FOE to the experimental station.

The preliminary BMM ray-tracing drawings were reviewed by the ray-tracing sub-
committee before. The comments, adequately addressed in the current ray-tracing,
are attached for completeness.

The beamline has Be window in the front-end separating the beamline vacuum from
the ring vacuum. The white beam is always on the M1 mirror. The pink beam on the
monochromator is controlled by the front-end shutter. The monochromatic beam is
controlled by shutter at the downstream end of the FOE.

Shielding for the primary Bremsstrahlung x-rays is designed using ray-tracing
method. A collimator (frontend collimator 1) and beamstop combination, with a
vertically deflecting mirror M1 in between, stops the primary Bremsstrahlung in the
FOE. The Bremsstrahlung beam-stop, at 26.312 m, intercepts all possible primary
Bremsstrahlung radiation.

Shielding and control of secondary Bremsstrahlung radiation is designed by ray-
tracing from possible secondary scattering sources in FOE, and verified by FLUKA
analysis performed by Benmerrouche.

The transport pipe between the FOE and experimental station B is shielded with 5
mm lead, exceeding the 2 mm recommended by NSLS-II shielding guideline. The
monochromatic beam, when mis-steered by the mirrors, could strike the shielded
transport pipe. Analysis by Benmerrouche, using STACS8, shows beyond doubt that
this condition is safe.

The tracking analysis shows no electron beam can reach the fixed mask 1 in the front
end, and concludes that BMM front end is safe for top-off operation. The top-off
safety analysis shows that in the case of top-off fault at BMM, the dose rates on the
FOE walls and roof are less than 10 mrem/hr, well below 100 mrem/hr required by
NSLS-I11 shielding policy for fault conditions.

Thermal protection of the beamline shielding components is designed using ray-
tracing method. The design is supported by synchrotron ray-tracing drawings
assuming maximum possible synchrotron fan and M1 alignment errors.

Access to the BMM endstation B and FOE is controlled by standard door interlock
and search-and-secure mechanism. The PPS logic diagram for the BMM beamline
was reviewed separately by the RSC PPS subcommittee.

The BMM front-end ray-tracing was previously reviewed by the RSC ray-tracing
subcommittee.

Configuration control of the radiation safety component was discussed.

Peet’s coffee was served and appreciated by many. What’s new?



Notes
The following comments are noted for completeness:

The necessity of secondary shielding #2, located on the mirror M2, was discussed.
Analysis by Benmerrouche shows that it is not necessary. The NIST/BNL partner team
chose to include it at this time since it is already in the ray-tracing drawing, and updating
the drawing would delay IRR schedule. We suggest that the team remove the secondary
shielding #2 from the ray-tracing drawing in the future, after the beamline is
commissioned. Doing so would free the M2 chamber from configuration control.

Recommendations

The RSC has no recommendations for action.

Conclusions

1. Based on our assessment of the ray-tracing drawings and radiation simulation results, the
RSC find that the BMM beamline shielding design meets the NSLS-I1 shielding policy.
Subject to experimental verification by radiation survey, we believe the installed
shielding will provide adequate personnel protection for normal operation and against
failures of synchrotron orbit.

2. Based on our review of the max. synchrotron ray-tracing drawings, the RSC believes that
the BMM masks, mirror, white- and pink- beam-stops are adequately designed to protect
against thermal failure of shielding components.

3. Based on our review of the beamline layout, the RSC finds that all Radiation Safety
Components meet NSLS-I1 design requirements.



Comments from preliminary review of ray-tracing in 2016.

Sheet 1: The assembly drawing sheet 1 should show the FOE and experimental hutches, shielded beam
transport pipe, and beam stop.

Sheet 2: Please trace the synchrotron beam to the beamstop at the end of experimental hutch. Please
call out dimension to the edge of the beam stop. | went and checked, the beam stop is actually there ©.
Andrew F should have the hutch model.

Sheet 3: Please include reasonable missteering by the mirror, and trace to the beam stop. Please denote
dimension to the edge of the beam stop.

Sheet 4: To avoid confusion, please remove the synchrotron ray-tracing from the Brems. drawing. Also, |
suggest making the lateral and bottom clearance slightly larger than 38.** mm, to be say 45 mm, just in
case.

Sheet 5: OK, but please move it to the end of package.

Sheet 6: Please remove the synchrotron ray-tracing from the Brems. drawing.
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