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Memo

Date: July 31, 2016

To:  Paul Northrup, Julian Adams, Sushil Sharma, and Paul Zschack

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

Subject: Review of the radiation safety design of the 8-BM (TES) frontend and beamline

Dear Pauls, Julian and Sushil,

The Photon Science Radiation Safety Committee (RSC) conducted review of the designs of the
TES (8-BM) frontend and beamline on Tuesday July 19, 2016. Subjects reviewed, for both the
frontend and beamline, include synchrotron max-fan and Bremsstrahlung drawings, Secondary
Bremsstrahlung and synchrotron radiation shielding analysis, and aspects of thermal
management that relate to radiation safety.

Written documents
The following documents and drawings were reviewed:

Presentation
1. Powerpoint presentation, “RSC review: The TES 8-BM Beamline and Front End” by
Paul Northrup and the TES team, dated July 19, 2016.

Front-end Ray-tracing

2. TES front-end assembly drawing, SR-FE-3PM-5001 rev. C, by J. Tuozzolo, sheet 1,
“TES, Cell 8-BM-B, Component Layout”.

3. TES front-end maximum synchrotron ray-tracing drawings, SR-FE-3PM-5001 rev. C, by
J. Tuozzolo, sheets 2 and 4 for horizontal projection, sheets 3 and 5 for vertical
projection.

4. TES front-end Bremsstrahlung ray-tracing drawings, SR-FE-3PM-5001 rev. C, by J.
Tuozzolo, sheets 6 and 7 for horizontal and vertical projections, respectively.

Beamline Ray-tracing

5. TES beamline assembly drawing, PD-TES-RAYT-0001 rev. A, by M. Johanson, sheet 1,
“TES (8-BM) Beamline Layout”.

6. TES beamline maximum synchrotron ray-tracing drawings, PD-TES-RAYT-0001 rev. A,
by M. Johanson, sheets 2 and 3 for horizontal and vertical projections respectively, sheets
7 and 8 for horizontal and vertical projections considering mirror-mis-steering,
respectively.

7. TES beamline Bremsstrahlung ray-tracing drawings, PD-TES-RAYT-0001 rev. A, by M.
Johanson, sheets 4 and 5 for horizontal and vertical projections, respectively. Sheet 6
depicts collimator and stop details.



Shielding Analysis and Simulation
8. NSLS-II technical note, “08BM TES Beamline Radiation Shielding Analysis — NSLS-II
Technical Note 227, by M. Benmerrouche and V.J. Ghosh . The document presents
analysis results of Gas Bremsstrahlung (GB) as well as Synchrotron Radiation (SR) at
500 mA.

Oral Presentation

Paul Northrup gave the presentation entitled “RSC review: The TES 8-BM Beamline and Front
End”. Following the guideline from the memo by Paul Zschack to the RSC on May 29, 2014,
the following were discussed:

1.

SRR

o

10.

11.
12.

TES is the first NSLS-I1 bending magnet beamline, scheduled to be commissioned in
August 2016. The critical energy of the bending magnet source is 2.4 keV. It
consists of an FOE, and monochromatic beam transport and experimental endstation
on the experimental floor.

X-rays of 1-5 keV are used for x-ray absorption spectroscopy and x-ray fluorescence
imaging in the endstation. The endstation was used before at the NSLS.

The optics consists of a collimating-redirecting mirror pair in the front-end,
Monochromator and toroidal focusing mirror in the FOE, and secondary-source-
aperture and K-B mirrors on the experimental floor.

Primary Bremsstrahlung radiation is contained in the front-end.

Shielding and control of secondary Bremsstrahlung radiation is verified by FLUKA
analysis.

Synchrotron white beam is contained in the front-end.

The pink beam is contained in the FOE. Shielding of synchrotron x-ray pink beam in
the FOE is supported by simulation results specifying the shielding thicknesses for
FOE.

Only monochromatic x-rays, of less than 8 keV, are allowed on the experimental
floor. Shielding of monochromatic beam in transport pipe on the experimental floor
is achieved by following NSLS-II beamline radiation shielding design guidelines, LT-
ESH-STD-001, that specify 1 mm steel for transport of monochromatic beam from a
bending magnet source. The TES monochromatic beam transport uses primarily 4-
inch pipe with greater than 2 mm steel thickness. The bellows are protected by
bellow shields of innovative design.

The experimental enclosure on the experimental floor is lined with 1.06 mm lead, and
equipped with a beam-stop of lead glass equivalent to 2x2.1 mm lead.

The synchrotron beam has about 40 W maximum power. The TES beamline masks
and collimators are designed using the same standard as that of the 3PW, capable of
319 W without water cooling. 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.

The PPS logic diagram for was reviewed separately by the RSC PPS subcommittee.
Configuration control of the radiation safety component was discussed.

Peet’s coffee was served for the occasion. What’s new?



Notes

The following comments are noted for completeness:

1.

3.

The monochromatic x-rays, up to 8 keV in energy, could strike the transport pipe under
mis-steer conditions. We concur that this is not a concern as calculation using
conservative bandwidth of 0.1 % and attenuation of steel shows that 1 mm steel is enough
to shield the TES monochromatic beam at all possible x-ray energies.

The experimental hutch is re-purposed from X15-B beamline of the NSLS. This hutch is
lead-lined and has been surveyed at 15 keV at the NSLS. Thus we have no doubt
concerning its shielding efficiency at the TES beamline. Access to the hutch is
interlocked by kirk-lock.

We note that the front-end masks should be captured as radiation safety components in
the configuration control checklist.

Recommendations
There are no recommendations from the RSC at this time.

Conclusions

1.

Based on our assessment of the ray-tracing drawings, thermal analysis, and simulation
results, the RSC find that the TES frontend and beamline shielding design meets the
NSLS-I11 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.

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