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Attachment B

USI Screening Checklist

Qualified Screener answers the following questions; if:
. Any question is answered yes (i.e., "Y"), check "Potential USl" box in Part C, above.
. lf all questions are answered no (i.e., "N"), check "No potential USl" box in Part C, above.

Does the proposed change or discovered condition impact or potent¡ally impact:

1) The personnel protection system (PPS)?

Examples: Access doors, fencing, hutches, accelerator enclosures, software change,
h a rdw a re m od if i cati o n s th at a re n ot, " re p I a ce m e nt- i n - ki n d. "

nv or Xru

2) ODH Monitoring System?
Examples: Hutch ODH monitors, filling station ODH monitors.

nY or Xt'l
3) Radiation Safety Component?

Examples: Shielding, earthen berms, hutches, concrete wails, beam shutters, scatter shields,
burn-through devices, exclusion zones, labyrinths, beam sfops, beam masks, collimators,
hutch guillotine and beam transport pipes.

nv or Xru

4) Area radiation monitoring system or components?

Examples: Changing instrument position or use of a new type of instrument used for area
radiation monitoring, alarms and controls.

B1

A) USI Screening Purpose:

I Proposed Activity

! existlng Gondition

B) Description of Proposed Activity/Discovered Condition and
Sponsor/Gondition Owner:

Review of 7-lD-1 Beamline for Lariat-1 Endstation, Microcal and 10 UP

C) USI Screening Outcome:

X ruo potential USI

J Potential ltst

T:f il::l îiliï ;î T:'W."n-,* o + I zq I n
The 7-ID-l (SST-l) Beamline wasþeviously screened, IRR'd and/AutHoti2eü
for Commissioning. This USI Screening pertains to the adequacy of the design
and construction of the LARIAT-I Endstation with associated Microcal and
lO-UP instruments) for compliance with NSLS-II Shielding Policy. It is based
upon the results of the RSC review of the radiation safety of the LARIAT-I
endstation design. All analyses are subject to experimental verification by
radiation survey to be conducted at the start of the commissioning process.

The following answers are based on compliance with RSC Memorandum
dated April 22,2019 with subject: Review of the Radiation Safety Aspects of
the LARIAT-I Endstation at SST (and final comment resolutions).
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nY or Xt¡
5) Radiological source terms identified in the SAD?

Examples: New insertion devices, change to the maximum synchrotron energy or accelerated
charge values, accelerator modifications that are not "replacement-in-kind."

nY or Xrv

6) Critical devices
Examples: Safety shutters, dipole magnets, top-off apertures.

IY or ñrr¡

7) PS operating organization?
Examples: Control room operators, support staff responsible for PPS, radiation monitoring or
shiclding configuration managcmcnt.

nY or Xru

8) Operational safety limits described in the Authorization Basis Documents?

Examples: Maximum current, beam energy, pulse rate.

nY or Xtl

Forward the completed form to the Authorization Basis Manager

82



Moss, Steven H

From:
Sent:
To:

Cc:

Subject:

Hulbert, Steven
Tuesday, April23,20L9 2:44 PM

Chitra, Sunil; Zhong, Zhong; Donato, Alissa; Ackerman, Andrew;
Benmerrouche, lr¡ohamdd; Breitfeller, Mark; Buda, Scott; Cheswick,
Edward; Fliller, Raymond; Hanson, Betsy; Lee, Robert J; Lee, Wah-
Keat; Podobedov, Boris; Schaefer, Charles W; Zipper, Joseph;

Sullivan, Patrick (BHSO); Wiegart, Lutz; Zitvogel, Emil; Shaftan,
Timur; Barbour, Andi; Stebbins, Christopher; Singh, Om; Stein,

Tammy; Moss, Steven H
Hetzel, Charles; Moebes, Barbara; Sherwood, Stephen; Stelmach,
Christoph er; Mazzoli, Claudio; Chmiel, Robert; Wehunt, Kimberly;

Jaye, Cherno; Fischer, Daniel
RE: LARIAT-I draft memo

So the item under "Presentation" about pink beam not entering the LARIAT-I endstation is incorrect, yes?

Also, I just noticed that the 3'd listed Document is numbered 2. O
S

From: Chitra, Sunil

Sent: Tuesday, April 23,2OI9 2:33 PM

To: Hulbert, Steven <hulbert@bnl.gov>; Zhong, Zhong <zhong@bnl.gov>; Donato, Alissa <adonato@bnl.gov>;
Ackerman, Andrew <ackerman@bnl.gow; Benmerrouche, Mohamed <Benmerrouche@bnl.gov>; Breitfeller, Mark
<mbreitfeller@bnl.gov>; Buda, Scott <sbuda@bnl.gow; Cheswick, Edward <cheswick@bnl.gov>; Fliller, Raymond
<rfliller@bnl.gov>; Hanson, Betsy <mhanson@bnl.gov>; Lee, Robert J <blee@bnl.gov>; Lee, Wah-Keat
<wklee@bnl.gov>; Podobedov, Boris <boris@bnl.gov>; Schaefer, Charles W <schaefer@bnl.gov>;Zipper, Joseph
<jzipper@bnl.gov>; Sullivan, Patrick (BHSO) <Patrick.Sullivan@science.doe.gov>; Wiegart, Lutz <lwiegart@bnl.gov>;
Zitvogel, Emil <zitvogel@bnl.gov>; Shaftan, Timur <shaftan@bnl.gov>; Barbour, Andi <abarbour@bnl.gov>; Stebbins,
Christopher <cstebbins@bnl.gov>; Singh, Om <singh@bnl.gov>; Stein, Tammy <tstein@bnl.gov>; Moss, Steven H

<shmoss@bnl.gov>

Cc: Hetzel, Charles <chetzel@bnl.gov>; Moebes, Barbara <moebes@bnl.gov>; Sherwood, Stephen
<ssherwood@bnl.gov>; Stelmach, Christopher <stelmach@bnl.gov>; Mazzoli, Claudío <cmazzoli@bnl.gov>; Chmiel,
Robert <chmiel@bnl.gov>; Wehunt, Kimberly <kwehunt@bnl.gov>; Jaye, Cherno <cjaye@bnl.gov>; Fischer, Daniel
<dfischer@ bnl.gov>
Subject: RE: LARIAT-I- draft memo

Hi Steve, Zhong
My analysis considers zero order beam from the PGM and reflections from mirrors downstream
Regards

Sunil

From: Hulbert, Steven
Sent: Tuesday, April 23,2OI9 2:27 PM

To: Zhong, Zhong <zhong@bnl.gov>; Donato, Alissa <adonato@bnl.gov>; Ackerman, Andrew <ackerman@bnl.gov>;
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Benmerrouche, Mohamed <Benmerrouche@bnl.gov>; Breitfeller, Mark <mbreitfeller@bnl.gov>; Buda, Scott
<sbuda@bnl.gov>; Cheswick, Edward <cheswick@bnl.eov>; Fliller, Raymond <rfliller@bnl.eov>; Hanson, Betsy
<mhanson@bnl.gov>; Lee, RobertJ <blee@bnl.eov>; Lee, Wah-Keat <wklee@bnl.eov>; Podobedov, Boris
<boris@bnl.gov>; Schaefer, Charles W <schaefer@bnl.gov>; Zipper, Joseph <izipper@bnl.eov>; Sullivan, Patrick (BHSO)

<Patrick.Sullivan@science.doe.sov>; Wiegart, Lutz <lwiesart@bnl.sov>; Zitvogel, Emil <zitvogel@bnl.gov>; Shaftan,
Timur <shaftan@bnl.gov>; Barbour, Andi <abarbour@bnl.sov>; Stebbins, Christopher <cstebbins@bnl.sov>; Singh, Om
<sineh@bnl.qov>; Stein, Tammy <tste¡n@bnl.gov>; Moss, Steven H <shmoss@bnl.gov>

Cc: Hetzel, Charles <chetzel@bnl.gov>; Moebes, Barbara <moebes(ôbnl.gov>; Sherwood, Stephen
<ssherwood(ôbnl.eov>; Stelmach, Christopher <stelmach(ôbnl.sov>; Chitra, Sunil <schitra@bnl.gov>; Mazzoli, Claudio
<cmazzoli@bnl.gov>; Chmiel, Robert <chmiel@bnl.gov>; Wehunt, Kimberly <kwehunt@bnl.gov>; Jaye, Cherno
<ciave @ b n l.eov>; Fischer, Da n ie I <dfische r(ô bn l.gov>
Subject: RE: LARIAT-Idraft memo

Zhong, all-See suggested changes and a couple quest¡ons/comments in the attached
Steve

From: Zhong, Zhong

Sent: Tuesday, April 23,2019 1:38 PM
1-. ñ^-^+^ 

^l:--^ -^l^-^+^âL-l -^.,-. ^^1.^--^^ ^^l-^... -^^1.^-^^-âL-l ^^.,\. D^^-^--^..^L^ Àr^L^-^lIt . LrulldLtJ, Al¡5)d \g!¿!/llg_!!¿\1f¡¿ /, äL^ElIIldll, illltllEw -g¡4Ejj!gli_Lïj¿j].!:Ë¡¿gz-, Dt:lllIlElI(JuLllË, ¡vlulldlIlcu

<Benmerrouche@bnl.gov>; Breitfeller, Mark <mbreitfeller@bnl.gov>; Buda, Scott <sbuda@bnl.scv>; Cheswick, Edward
<rh'øcvtirklãlhnl onrr>' Flillar Rarrmnnd <rflillor6)hnl onrr>' l-lrncnn Rotcrr <mhencnn/ã)hnl onrr>. I oa Rnhart I'ry'ry
<blee@bnl.gov>; Lee, Wah-Keat <wklee@bnl.sov>; Podobedov, Boris <boris@bnl.eov>; Schaefer, Charles W
<schaefer@tbnl.sov>; Zipper, Joseph <izipper@bnl.sov>; Sullivan, Patrick (BHSO) <Patrick.SullivanGrscience.doe.sov>;

Wiegart, Lutz <lwieeart@bnl.sov>; Zitvogel, Emil <zitvogel@bnl.sov>; Shaftan, Timur <shaftan(ôbnl.gov>; Barbour, Andi
<abarbour@bnl.sov>; Stebbins, Christopher <cstebbins@bnl.eov>; Singh, Om <sineh(abnl.gov>; Stein, Tammy
<tstein@þoleov>; Moss, Steven H <Shqoss@þnl.eav>; Hulbert, Steven <hulbert@bnl.gov>
Cc: Hetzel, Charles <chetzel(ôbnl.gov>; Moebes, Barbara <moebes@bnl.gov>; Sherwood, Stephen
<ssherwood @ bn l.gov>; Stelmach, Christopher <stelmach @ bnl.gov>; Chitra, Sunil <schitra @bn l.eov>; Mazzoli, Claudio

."-l:al.-.1 .-...--" n].--":."1 n-.1...-.¡ -,-.t.--.:".1â[.--l .-.--.-. r^r..1-..-.r rr:--.1-..-1.. -1....-.1-..--ral.--l "-.--.-. r-",- ¡L----\Lr I rd¿¿utrrøut il.EUvz. l-t tr I ilgt, nuuEt L \.9ll]lllslg.!j!ËIlJz, vvgt tut I t,, Nil I tuËl ty \l\wgt tut tL(g/ut il,Ë,uv., J(,ye, LI tgt I tu

<ciave@bnl.gov>; Fischer, Daniel <dfischer@bnl.gov>
C..L:,--¡. I 

^ôl^T 
4 )-^4;tuuJtr.l. LfìnrF\ r -r qr dr t r ilgilru

Dear all,

Remember the LARIAT-L that we reviewed last week? Attached please find the draft memo. Please let me
know of your comments by tomorrow. Thanks!

Th-anc
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Moss, Steven H

From:
Sent:
To:

Subject:

Chitra, Sunil
Tuesday, April 23, 20L9 2:33 PM

Hulbert, Steven; Zhong, Thong; Donato, Alissa; Ackerman, Andrew;
Benmerrouche, Voham{d; Breitfeller, Mark; Buda, Scott; Cheswick,
Edward; Fliller, Raymond; Hanson, Betsli Lee, Robert J; Lee, Wah-
Keat; Podobedov, Boris; Schaefer, Charles W;Zipper, Joseph;

Sullivan, Patrick (BHSO); Wiegart, Lutz;Zitvogel, Emil; Shaftan,
Timur; Barbour, Andi; Stebbins, Christopher; Singh, Om; Stein,

Tammy; Moss, Steven H
Hetzel, Charles; Moebes, Barbara; Sherwood, Stephen; Stelmach,
Christopher; Mazzoli, Claudio; Chmiel, Robert; Wehunt, Kimberly;
Jaye, Cherno; Fischer, Daniel

RE: LARIAT-I draft memo

Hi Steve, Zhong
My analysis considers zero order beam from the PGM and reflections from mirrors downstream.
Regards

Sunil

From: Hulbert, Steven
Sent: Tuesday, April 23,2OL9 2:27 PM

To: Zhong, Zhong <zhong@bnl.gov>; Donato, Alissa <adonato@bnl.gov>; Ackerman, Andrew <ackerman@bnl.gov>;

Benmerrouche, Mohamed <Benmerrouche@bnl.gov>; Breitfeller, Mark <mbreitfeller@bnl.gov>; Buda, Scott
<sbuda@bnl.gov>; Cheswick, Edward <cheswick@bnl.gov>; Fliller, Raymond <rfliller@bnl.gov>; Hanson, Betsy
<mhanson@bnl.gov>; Lee, Robert J <blee@bnl.gov>; Lee, Wah-Keat <wklee@bnl.gov>; Podobedov, Boris
<boris@bnl.gov>; Schaefer, Charles W <schaefer@bnl.gov>;Zipper, Joseph <jzipper@bnl.gov>; Sullivan, Patrick (BHSO)

<Patrick.Sullivan@science.doe.gov>; Wiegart, Lutz <lwiegart@bnl.gov>; Zitvogel, Emil <zitvogel@bnl.gov>; Shaftan,
Timur <shaftan@bnl.gov>; Barbour, Andi <abarbour@bnl.gov>; Stebbins, Christopher <cstebbins@bnl.gov>; Singh, Om
<singh@bnl.gov>; Stein, Tammy <tstein@bnl.gow; Moss, Steven H <shmoss@bnl.gov>

Cc: Hetzel, Charles <chetzel@bnl.gov>; Moebes, Barbara <moebes@bnl.gov>; Sherwood, Stephen
<ssherwood@bnl.gov>; Stelmach, Christopher <stelmach@bnl.gov>; Chitra, Sunil <schitra@bnl.gov>; Mazzoli, Claudio
<cmazzoli@bnl.gov>; Chmiel, Robert <chmiel@bnl.gov>; Wehunt, Kimberly <kwehunt@bnl.gov>; Jaye, Cherno
<cjaye@bnl.gov>; Fischer, Daniel <dfischer@bnl.gov>
Subject: RE: LARIAT-Idraft memo

Zhong, all-See suggested changes and a couple questions/comments in the attached
Steve

From: Zhong, Zhong
Sent: Tuesday, April 23,2OL91:38 PM

To: Donato, Alissa <adonato@bnl.gov>; Ackerman, Andrew <ackerman@bnl.gov>; Benmerrouche, Mohamed
<Benmerrouche@bnl.sov>; Breitfeller, Mark <mbreitfeller@bnl.gov>; Buda, Scott <sbuda@bnl.sov>; Cheswick, Edward
<cheswick@bnl.gov>; Fliller, Raymond <rfliller@bnl.gov>; Hanson, Betsy <mhanson@bnl.sov>; Lee, Robert J

Cc:



<blee@bnl.gov>; Lee, Wah-Keat <wklee@bnl.sov>; Podobedov, Boris <boris@bnl.sov>; Schaefer, Charles W
<schaefer@bnl.sov>;Zipper, Joseph <izipper@bnl.gov>; Sullivan, Patrick (BHSO)<Patrick.Sullivan@science.doe.gov>;

W¡ Lutz Emil Sh Timur Barbour Andi
<abarbour@bnl.eov>; Stebbins, Christopher <cstebbins@bnl.gov>; Singh, Om <singh@bnl.eov>; Stein, Tammy
<tstein@bnl.gov>; Moss, Steven H <shmoss@bnl.qov>; Hulbert, Steven <hulbert@bnl.gov>
Cc: Hetzel, Charles <chetzel@bnl.gov>; Moebes, Barbara <moebes@bnl.gov>; Sherwood, Stephen
<ssherwood@bnl.gov>; Stelmach, Christopher <stelmach@bnl.sov>; Chitra, Sunil <schitra@bnl.gov>; Mazzoli, Claudio
<cmazzoli@bnl.gov>; Chmiel, Robert <chmiel@bnl.eov>; Wehunt, Kimberly <kwehunt@bnl.gov>; Jaye, Cherno
<ciave@bnl.gov>; Fischer, Daniel <dfischer@bnl.gov>

Subject: LARIAT-I draft memo

ñ^^- ^lllJÉot ct|,

Remember the LARIAT-I that we reviewed last week? Attached please find the draft memo. Please let me know of your
comments by tomorrow. Thanksl

Zhong
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Mos Steven H

From:
Sent:
To:

Cc:

Subject:
Attachments:

Hulbert, Steven
Tuesday, April 23, 20t9 2:27 PM

Zhong, Zhong; Donato, Alissa; Ackerman, Andrew; Benmerrouche,
Mohamed; Breitfeller, Mark; Buda, Scott; Cheswick, Edward; Fliller,

Raymond; Hanson, Betsy; Lee, Robert J; Lee, Wah-Keat; Podobedov,
Boris; Schaefer, Charles W; Zipper, Joseph; Sullivan, Patrick (BHSO);

Wiegart, Lutz;Zitvogel, Emil; Shaftan, Timur; Barbour, Andi;
Stebbins, Christopher; Singh, Om; Stein, Tammy; Moss, Steven H

Hetzel, Charles; Moebes, Barbara; Sherwood, Stephen; Stelmach,
Christopher; Chitra, Sunil; Mazzoli, Claudio; Chmiel, Robert;
Wehunt, Kimberly; Jaye, Cherno; Fischer, Daniel
RE: LARIAT-I draft memo
lariatl- rsc20L9 v00l- slh.docx

Zhong, all-See suggested changes and a couple questions/comments in the attached.
Steve

From: Zhong, Zhong
Sent: Tuesday, April 23,2}tg 1":38 PM

To: Donato, Alissa <adonato@bnl.gov>; Ackerman, Andrew <ackerman@bnl.gov>; Benmerrouche, Mohamed
<Benmerrouche@bnl.gov>; Breitfeller, Mark <mbreitfeller@bnl.gov>; Buda, Scott <sbuda@bnl.gov>; Cheswick, Edward
<cheswick@bnl.gov>; Fliller, Raymond <rfliller@bnl.gov>; Hanson, Betsy <mhanson@bnl.gov>; Lee, RobertJ
<blee@bnl.gov>; Lee, Wah-Keat <wklee@bnl.gov>; Podobedov, Boris <boris@bnl.gov>; Schaefer, Charles W
<schaefer@bnl.gov>; Zipper, Joseph <jzipper@bnl.gov>; Sullivan, Patrick (BHSO)<Patrick.Sullivan@science.doe.gov>;
Wiegart, Lutz <lwiegart@bnl.gov>; Zitvogel, Emil <zitvogel@bnl.gov>; Shaftan, Timur <shaftan@bnl.gov>; Barbour, Andi
<abarbour@bnl.gov>; Stebbins, Christopher <cstebbins@bnl.gov>; Singh, Om <singh@bnl.gov>; Stein, Tammy
<tstein@bnl.gov>; Moss, Steven H <shmoss@bnl.gov>; Hulbert, Steven <hulbert@bnl.gov>
Cc: Hetzel, Charles <chetzel@bnl.gov>; Moebes, Barbara <moebes@bnl.gov>; Sherwood, Stephen
<ssherwood@bnl.gov>; Stelmach, Christopher <stelmach@bnl.gov>; Chitra, Sunil <schitra@bnl.gov>; Mazzol| Claudio
<cmazzoli@bnl.gov>; Chmiel, Robert <chmiel@bnl.gov>; Wehunt, Kimberly <kwehunt@bnl.gov>; Jaye, Cherno
<cjaye@bnl.gov>; Fischer, Daniel <dfischer@bnl.gov>
Subject: LARIAT-1 draft memo

Dear all,

Remember the LARIAT-L that we reviewed last week? Attached please find the draft memo. Please let me
know of your comments by tomorrow. Thanks!

1
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National Synchrctrcn Light Sourcs Bu¡lding 743, National Synchrotron Light Source
Bookhaven Nât¡onal Laboratory

Upton, NY 1 1973-5000
Phone 631 344-21'17

Fa 631 344-3238
zhong@bnl.gov

managôd by Brcokhaven Science Associates
for the U.S. Depalment of Energy

--nBROfllllrRltEll
NATTONAL LABORAÏORY

Memo
Date: April 22,2019
To: Cherno Jaye, Dan Fischer, and Paul Zschack
From: Zhong Zhong (chair), Photon Science Radiation Safety Committee
Subjecl Review ofthe radiation safety aspects ofthe LARIAT-1 endstation at SST

Dear Chemo, Dan, and Paul

The Photon Science Radiation Safety Committee (RSC) met with the LARIAT-I team on April
l6 to review the radiation safety of the LARIAT-l (Large Area Rapid Imaging Analysis Tool 1)

endstation at the SST-I beamline. Subjects reviewed include synchrotron radiation shielding
impacts, beam stop in LARIAT-l chamber, and configuration control of radiation safety
components.

Documents Reviewed
1. Updated SST beamline ray-tracing drawing, PD-SST-RAYT-0001 Rev. F, by J. Fabijanic.
Sheet I is updated to include LARIAT-l chamber.
2. Survey and alignment drawing for LARIAT-1, PD-SST-BL-LAY-1070 rev. A by J. Fabijanic,
sheets I and 2. The drawings show that the max. monochromatic beam is stopped either by > 3.2
mm thick.stainless steel chamber wall or by 12.7 mm thick titanium chamber wall.
2. Memo from Sunil Chika, "Dose rates outside of LARIAT-l eiperimental station", dated April
15,2019. The memo summarizes STAC-8 simulation results for SST-1 beam entering the

LARIAT-I chamber. The memo concludes that the chamber walls are thick enough to stop the

direct beam, and that the chamber walls and glass view ports (> 3 mm-!h¡qkap$) are sufficient
for shielding against the scattered beam.

Presentation

Cherno led the discussion by presenting the features of LAB-IAT:|RSd6. Following the
guideline from the memo by Paul Zschack to the RSC on May 29,2014, the following were
discussed:

1. The LARIAT-1 endstation has been repurposed from the NSLS and installed at the

SST- I beamline. Currently a shutter (#PSH7) upstream of it is used to prevent
synchrotron monochromatic beam from entering the chamber. This shutter is the

standard NSLS-II shutter.
2. The endstation receives soft, monochromatic x-ray beam with energies from 150 to

2200 eY. Ray hacing of the SST beamline, reviewed by the RSC before, shows that



it is not possible for the LARIAT- I endstation, which is downstream of the pleeisien
r-nqlrochlorrratol cxit slits, to receive white or pink beam.

3. From prior Tech Note #275 (S. Chitra), stainless steel of 1 mm thickness, at normal
incidence, is sufficient to stop the SSTI monochromatic beam. Sunil's simulation
considers contributions from all possible isoudQe*harmonicsi. Thg {gslgn of qþe

chamber assures that 1,!rc minimum wall thickness is 3.2 mm stainless steel. This is
sr¡llicient f'or shielding againsf hoth direct heam anrl scaffered radiation

4. Sunil's recent memo, "Dose rates outside of LARIAT- I experimental station",
documents new simulations of dose rate outside of the LARIAT- I chamber and glass
viewports when a generic scattering target is in the zero-order beam. The simulated
dose-rates are below 0.05 mrem/hr.

5. The side wall of the on LARIAT-1 vacuum chamber acts as the beamstop when
LARIAT-l is in use. This beamstop is ç-ilhet stainless steel of more^greater-than 3.2
mm thickoç,ss or 12.7 mm -ihick Titanium. Sunil's memo shows that these are
l¡fflcient fÕ qfô:1 the QST'! monochromatie he¡m

6. Redundant vacuum switches are installed on the LARIAT- I chamber and integrated
into PPS system to prevent x-ray beam from entering the chamber when it is vented"

Notes

We note that a radiation survey is needed around the LARIAT-1 chamber. Since the risk of
radiation exposure is extremely low, the commissioning survey of the chamber can be performed
at normal operating ring current.

Recommendations

1 . The RSC concurs with the radiation safety design and analysis of the LARIAT- I endstation.
â Tl-- hõ^ -t---l-li-.z. l ilc ñòu ullcuKrrsl suD-uullllrlil,tcç tgvlçw€u ùlrç uljualeu raula¿lolt sarcry colltpollgttl cfl€uKllst
for SST-1 and completed a walk-through ofthe chamber to inspect the configuration control
stickers on the chamber. The sub-committee recommends approval of the updated radiation
safety component checklist.

Commenhd IHSIJ: Has it been confimed that the SST-l Pla¡e
Grating Monochromator (PGM) cÐnot be tuned to zero older (i.e.
when the grating acts æ a miror)? If it CAN be set to zero order,

beam the Èxit slit.

Commented IH52]: Does Sunil's malysis include multiple
grating difhaction orders'l



Radiation Safety Committee

Name
Andrew Ackerman
Andi Barbour
Mohamed Benmerrouche
Scott Buda
Ray Fliller
Wah-Keat Lee
Boris Podobedov
Chuck Schaefer
Lutz Wiegart
ZhongZhong
Emil Zituogel

Alissa Donato

Ray - trac in g s ub - c o mm it t e e

Andrew Ackerman
Steven Hulbert
Wah-Keat Lee
Chuck Schaefer
Christopher Stelmach
John Fabijanic
LutzWiegart
ZhongZhong

Expertise
Deputy ESH Manager
Beam Line Physicist
Nuclear and Radiation Physics
Personnel Protective Systems
Accelerator Physicist
Beam Line Physicist
Accelerator Physics
Accelerator SME
Beam Line Physicist
Beam Line Physicist
Accelerator Operations

Directorate
PS
PS

PS
PS
PS

PS
PS

ESH
PS

PS
PS

Administrative Support PS

Deputy ESH Manager PS

Interim Beamline Engineering Group Leader PS

Beam Line Physicist PS

Accelerator SME ESH
Designer PS

Designer PS

Beam Line Physicist PS

Beam Line Physicist PS

PPS sub-commíttee
Mohamed Benmerrouche
Scott Buda
Robert Lee
ZhongZhong

RSC checklist sub-committee
Andi Barbour
Mohamed Benmerrouche
Ray Fliller

Nuclear and Radiation Physics
Personnel Protective Systems
ESH manager
Beam Line Physicist

Beam Line Physicist
Nuclear and Radiation Physics
Accelerator Physicist

PS
PS

PS
PS

PS
PS

PS





Moss, Steven H

From
Sent:
To:

Cc:

Subject:
Attachments:

Chitra, Sunil
Tuesday, April 23, 20L9 2:58 PM

Zhong, Zhong; Jaye, Cherno; Lee, Robert J; Ackerman, Andrew;
Benmerrouche, Mohamed; Donato, Alissa; Moss, Steven H; Fischer,

Daniel; Weiland, Conan
Hulbert, Steven

Ema i I i n g : M emo_LARIATL_m icroCAL23Apri I 20 L9

M emo_LARIATL_m icroCAL23Ap ri I2019.docx

All
I am modifying the text in the memo that I wrote for the LARIAT-I, to include the microcal and the lO_UP mesh. The
dose rates outside the mesh was addressed before in a separate memo but I am including some text to reflect those
results too here anyway.
Zero order beam is considered for calculations as a worst case scenario. Downstream of the precision slits , the beam is

expected to be monochromatic and the dose rates will be even lower.
Please let me know if you have any questions or comments.
Regards

Sunil

1
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Dose rates outside the LARIAT-1 and pCAL experimental stations
April23,2019

Subiect:
Date:

The memo reports the dose rates when the zero-order beam from the PGM of SST-1 beamline is utilized

in the LARIAT-1 and pCAL experimental stations. The calculations are carried out with the STACB code

[1] and the technique is described in detail in the Tech Note [2]. The white beam from EPU60 is reflected

by mirrors M1(at 1'g"),Mzand grating (both at 1.0o), and M3 and M4 (both at 0.5'1. For the beam to enter

the LARIAT-1 an additional reflection by the dithering mirror M5W [at 0.5") is required.

The Titanium (72.7 mm) and the SS [3.2 mm) chamber walls [3] in LARIAT-1 are thick enough to stop the

resulting beam. The scattered dose rates outside the LARIAT-1, IO_UP mesh and the ¡rCAL chambers are

estimated to less than 0.05 mrem/h.

7. Y. Asano and N. Sasamoto, Development of Shielding Design Code for Synchrotron Radiation
Beamline, Radia. Phys. Chem. 44 (1994) 733.

2. S. Chitra & M. Benmerrouche, 07-lD (SST) Beamline Radiation Shielding Analysis, NSLS-ll
Technical Note 275,

3. SST Beamline Survey & Alignment, LARIAT-1, PD-SST-BL-LAY-1070.
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Memo
Date: Apnl22,2019
To: Cherno Jaye, Dan Fischer, and Paul Zschack
From: ZhongZhong(chair), Photon Science Radiation Safety Committee
Subject: Review of the radiation safety aspects of the LARIAT-1 endstation at SST

Dear Cherno, Dan, and Paul

The Photon Science Radiation Safety Committee (RSC) met with the LARIAT-I team on April
16 to review the radiation safety of the LARIAT-1 (Large Area Rapid Imaging Analysis Tool 1)

endstation at the SST-1 beamline. Subjects reviewed include synchrotron radiation shielding
impacts, beam stop in LARIAT-I chamber, and configuration control of radiation safety
components.

Documents Reviewed
1. Updated SST beamline ray-tracing drawing, PD-SST-RAYT-0001 Rev. F, by J. Fabijanic.
Sheet I is updated to include LARIAT-I chamber.
2. Survey and alignment drawing for LARIAT-I, PD-SST-BL-LAY-1070 rev. A by J. Fabijanic,
sheets I and 2. The drawings show that the max. monochromatic beam is stopped either by > 3.2
mm stainless steel chamber wall or by I2.7 mm titanium chamber wall.
2. Memo from Sunil Chitra, o'Dose rates outside of LARIAT-1 experimental station", dated April
15,20T9. The memo summarizes STAC-8 simulation results for SST-1 beam entering the
LARIAT-I chamber. The memo concludes that the chamber walls are thick enough to stop the
direct beam, and that the chamber walls and glass view ports (> 3 mm) are sufficient for
shielding against the scattered beam.

PresentatÍon

Cherno led the discussion by presenting the features of RSoXS. Following the guideline from
the memo by Paul Zschack to the RSC on i|l4ay 29,2014, the following were discussed:

1. The LARIAT-I endstation has been repurposed from the NSLS and installed at the
SST-1 beamline. Currently a shutter (#PSH7) upstream of it is used to prevent
synchrotron monochromatic beam from entering the chamber. This shutter is the
standard NSLS-I shutter.

2. The endstation receives soft, monochromatic x-ray beam with energies from 150 to
2200 eY. Ray tracing of the SST beamline, reviewed by the RSC before, shows that
it is not possible for the LARIAT-I endstation, which is downstream of the precision
slits, to receive white or pink beam.



3. From prior Tech Note #275 (5. ChitrÐ, stainless steel of I mm thickness, at normal
incidence, is sufficient to stop the SSTI monochromatic beam. Sunil's simulation
considers contributions from all possible harmonics. The of the chamber
assures that minimum wall thickness is 3.2 mm stainless steel. This is sufficient for
shielding against both direct beam and scattered radiation.

4. Sunil's recent memo, "Dose rates outside of LARIAT-1 experimental station",
documents new simulations of dose rate outside of the LARIAT-1 chamber and glass
viewports when a generic scattering target is in the zero-order beam. The simulated
dose-rates are below 0.05 mrem/hr.

5. The side wall of the on LARIAT-I vacuum chamber acts as the beamstop when
LARiAT-i is in use. This beamstop is stainiess steel of more than 3.2 mm thick or
I2.7 mm Titanium. Sunil's memo shows that these are sufficient to stop the SSTI

lLllrnon()cnr()rnaug ogarn.

6. Redundant vacuum switches are installed on the LARIAT-I chamber and integrated
infn ÞÞS cr¡cfem fn nrcr¡enf w-rqr¡ hc¡m frnm cnfcr'ino fhe nhqmher rx¡han if ic r¡enfprl"'Þ"'"

Notes

We note that a radiation survey is needed around the LARIAT-I chamber. Since thc risk of
radiation exposure is extremely low, the commissioning surv-ey of the cham'oer can be perfonrred
at normal operating ring current.

Recommendations

l. The RSC concurs with the radiation safety design and analysis of the LARIAT-1 endstation.
2. The RSC checklist sub-committee reviewed the updated radiation safety component checklist
for SST-l and completed a walk-through of the chamber to inspect the configuration control
stickers on the chamber. The sub-committee recommends approval of the updated radiation
safety component checklist.
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Dose rates outside the LARIAT-1 experimental station
April15,2019

Subiect:
Date:

The memo reports the dose rates when the zero-order beam from the PGM of SST-1 beamline is utilized

in the LARIAT-1 experimental station. The calculations are carried out with the STACB code [1] and the

technique is described in detail in the Tech Note [2]. The white beam from EPU60 is reflected by mirrors

Ml(at 7.3"),M2 and grating (both at 1.0o), M3 and M4 [both at 0.5") and the LARIAT1 dithering mirror

MSW fat 0.5') before reaching the sample in the experimental station or the chamber wall acting as a

beam stop.

The Titanium (72.7 mm) and the SS (3.2 mm) chamber walls [3] are thick enough to stop the resulting

beam. The scattered dose rates outside the chamber and the 3 mm glass window is estimated to less than

0.05 mrem/h.

1. Y. Asano and N. Sasamoto, Development of Shielding Design Code for Synchrotron Radiation
Beamline, Radia. Phys. Chem.44 (1994) I33.

2. S. Chitra & M. Benmerrouche, 07-lD (SST) Beamline Radiation Shielding Analysis, NSLS-ll
Technical Note 275.

3. SST Beamline Survey & Alignment, LARIAT-1, PD-SST-BL-LAY-1070.
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07-ID (SST) Beømlíne Radìation Shielding Analysis

1. Introduction

The 07-ID Spectroscopy Soft and Tender (SST) beamline is powered by two Undulators (U42

and EPU60) for the 2 beamlines; Soft (also known as the M branch) and Tender (L branch). The

L branch is powered by the tJ42 out of vacuum undulator while the EPU60 (Elliptically
Polarized Undulator) caters to the M branch. The beamline branches inside the FOE and the pink
beams are transported up to the Double Crystal Monochromator (DCM) in the L branch and the

Plane Grating Monochromator (PGM) in the M branch, both outside the FOE on the

experimental floor. Downstream of the PGM the beam can be diverted to the M branch end

stations or through 2 transfer lines to two different end stations in the L branch. Figure 1 shows

the layout of the FOE and the components inside it while Figure 2 shows all the beamlines on the

floor.

L branch

M branch
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Figure l.: Layout of the FOE with the Beamline Components
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Figure 2: Layout of the beamlines outside the FOE. The M branch beam can also be delivered to

the end stations in the L branch.

Outside the FOE, the 8 mm lead shielded beam pipe stops before the PGM and the DCM with 2
mm SS pipes, bellows and gate valves in between. The L branch has 2 experimental end stations:

HAXPES and VPPEM. The M branch has 4 end stations LARIAT-I, pCal, NEXAFS and the
I 
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The M branch (powered by the EPU60) has a PGM and can provide maximum 2.5 keY X-ray

energy. By a combination of mirrors the enci stations HAXPES and VPPEM in the L'oranch can

receive beam from the L branch, M branch or from both branches simultaneously. The M branch

however can use the beam only from the EPU60.

The radiation shielding analysis of the beamline is carried out for gas bremsstrahlung (GB) and

synchrotron radiation (SR) as sources. Section 2 describes the GB related calculations while

section 3 details the synchrotron radiation scatter analysis.

2. FLUKA Monte Carlo Analysis

This section is arranged in three sub sections. Section 2.1 describes the geometry along with the

details of some of the components, section 2.2 desqibes the beam conditions as obtained from

the ray traces and section 2.3 discusses the results.

2.1. FLUKA Geometry

Figure 3 shows the geometry of the FOE and the components inside it built using the information

given in Appendix 1. The coordinate system is consistent with the one used in NSLS-I with the
-rZ axis as the beam direction, +Y axis as the vertical direction and +X pointing outboard.

Page 2 ot 38
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Figure 3: The horizontal (top) and vertical views of the FLUKA geometry of the FOE.

The major components inside the FOE include the burn through (BT) device and the fixed mask

(FM) 1 (see Fig. 4); both are dual aperture devices to let the beams from the two undulators into

the FOE. These are followed by Ll (first mirror in the L branch), a single aperture secondary

bremsstrahlung lead shield (SBS-1), Ml (the first mirror in the M branch), a lead secondary

bremsstrahlung shield (BRS), the white beam stop (see Fig. 5), a dual aperture lead secondary

bremsstrahlung shield (SBS-2), FM4, FM2 (see Fig. 6), a tungsten bremsstrahlung stop (BST)

and the photon shutters PSHI and PSH4. The white beam stop has 2 inclined copper blocks that

stops the white beams and the region intermediate is designed to allow the beams to pass through
when reflected by the mirrors. Inside the FOE, the L branch has 2 mirrors (Ll and L2, both with
0.6o nominal angles) while the M branch has one (Ml, 1.5o nominal). The FOE hutch has lead

shields 18 mm on the side wall, 50 mm on the downstream wall and 10 mm on the roof. The lead

guillotine is 10 cm thick and has dual apertures. The beam pipes exiting the FOE have lead

shields up to 295.8 cm in the M branch and 509.3 cm in the L branch from the downstream end

of the FOE wall and are also modelled here. The lead thickness is I mm and is wrapped around a

5 cm radius, 2 mm thick stainless steel pipe.
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FMl drawing

<-Beam direction

Figure 4: The drawing and the model in FLUKA of the FMl.

Figure 5: The white beam stop (WBS) in the drawings (left) and as modelled for the simulations.
In the FLUKA model, the cutaway views are shown as horizontal views while the planes that are

used to cut are shown as green lines on the vertical views (bottom figure).
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Figure 6: The fixed mask (2 and 4) in the drawings (left bottom) and as modelled for the
simulations. The top figure shows the horizontal view while the bottom extreme right figure
shows the vertical views.

2.2. Beam Conditions

The simulations were carried out for the gas bremsstrahlung spectrum obtained from an

independent simulation of the long straight section. The normalized unit spectrum extending
'from 10 keV to 3 GeV is read as a source file and the resulting electromagnetic cascade and the

photo neutrons are transported across the geometry and outside the shield. Figure 7 shows the

horizontal bremsstrahlung ray trace identiSing the beam loss points

640 7{O

{ 1

¿

SECÎIONA.A
Fixed mask 2
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t Top outboard pcÍnt. Êay missing the 1ÂlBS.

Figure 7: The horizontal bremsstrahlung ray trace for the SST FOE. The beam loss points are
lÃon+iÇ oÃ oo ."Li+o rl^fotuwt¡tll¡vu où vv¡¡tLv gvtJ.

The nninfc qlnno rvith the cnnrrlinefec lv wì âre âq fnllnr¡¡s The direcfions nf fhe heams are set

according to the angles mentioned in the ray trace.

L Inboard side of the burn through device (-5.273,2)
2. Center of the burn through device (0,0)

3. Out'ooar<i sicie of the burn tirough <ievice (6.9,û)

4. Inboard side of the aperture of the FI|I4I (-2.9,2)

5. Outboard side of the aperture of the FMI (3.4,2)

6. Upstream edge of Ll mirtor(3.77,0)

7. Centerof the Ll mirror (2.975,0.525)

8. Upstream edge of Ml mirror (-4.2,2.3)

9. Centre of Ml mirror (-2.63,0)

10. Inboard side of WBS (-2.57,0)

11. Outboard side of WBS (4.17,0)
I 2. Tungsten bremsstrahlung stop outboard side ( 10.1 .0)

13. Top outboard point on the lead BRS (-2.57,2.46)
14. As in scenario 13 but BRS is moved 3 mm inboard (-2.96,2.46)
15. As in scenario 14 but beam is centered vertically (-2.96,0)
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Beam conditions 14 and 15 were separately simulated after the survey results indicated that the

BRS position is moved inboard by 3 mm from its intended position. In these scenarios, the beam

was started downstream of the BRS with the X coordinate moved accordingly. The Y
coordinates were kept at the bremsstrahlung vertical foot print maximum in one scenario

(numbered 14) and vertically centered in another scenario (numbered l5).

2.3. Results and Discussions

The GB power is taken as 17 ¡rW, which is generated by 500 mA, 3 GeV electron beam in a 15.5

m long straight section with the vacuum better than 10-e Torr. The results here are normalized to
the length of the straight section of this beamline (la m) and a vacuum of 10-e Torr. The total

ambient dose equivalent rates (mrem/tr) for the 15 loss points described in section 2.2 are shown

in the same order in Figures 8-22.In these figures, the upper plots show the horizontal view (at

y:0) and the lower plots show the vertical views (at x:0). Table I shows the summary of the

results from these figures.

Figure 8: The total ambient dose equivalent rates when the beam is incident on the inboard side

of the burn through device. The top figure shows the horizontal view (y:0) and the bottom figure
(x:0) shows the vertical view.
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Figure 9: The total ambient dose equivalent rates when the beam is incident on the center of the
burn through device.The top figure shows the horizontal view (y:0) and the bottom figure (x:0)
shows the vertical view.

Figure 10: The total ambient dose equivalent rates when the beam is incident on the outboard
side of the bum through device. The top figure shows the horizontal view (y:0) and the bottom
figure (x:0) shows the vertical view.
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Figure 11: The total ambient dose equivalent rates when the beam is incident on the inboard side
of the aperture of the FMl. The top figure shows the horizontal view (y:0) and the bottom figure
(x:0) shows the vertical view.

Figure 12: The total ambient dose equivalent rates when the beam is incident on the outboard
side of the aperture of the FMl. The top figure shows the horizontal view (y:0) and the bottom
figure (x:0) shows the vertical view.
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ß¡gursf3 The total ambient closeequivalenf raæs uùen the beam is inciclent on the npstream

edge of Ll. The top figure shows the horizontal view (y:0) and the bottom figure (x:0) shows

the vertical view.

I
a

Figure 14: The total ambient dose equivalent rates when the beam is incident on the center of
Ll. The top figure shows the horizontal view (y:0) and the bottom figure (x:0) shows the
vertical view.
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Figure 15: The total ambient dose equivalent rates when the beam is incident on the upstream
edge of Ml. The top figure shows the horizontal view (y:0) and the bottom figure (":0) shows
the vertical view.

X'igure 16: The total ambient dose equivalent rates when the beam is incident on the center of
Ml. The top figure shows the horizontal view (y:0) and the bottom figure (x:0) shows the
vertical view.
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Figure 17: The total ambient dose equivalent rates when the beam is incident on the inboard side

of the WBS. The top figure shows the horizontal view (y:0) and the bottom figure (x:0) shows
the vertical view.

I
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Figure 18: The total ambient dose equivalent rates when the beam is incident on the outboard
side of the WBS. The top figure shows the horizontal view (y:0) and the bottom figure (x:0)
shows the vertical view.
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Figure 19: The total ambient dose equivalent rates when the beam is incident on the outboard
side of the tungsten bremsstrahlung stop. The top hgure shows the horizontal view (V:0) and the
bottom figure (x:0) shows the vertical view.
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Figure 20: The total ambient dose equivalent rates when the beam is incident on the top
outboard side of the lead bremsstrahlung shield. The top figure shows the horizontal view (y:0)
and the bottom figure (x:0) shows the vertical view.
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Figure 2l The total ambient dose equivalent rates when the beam misses the BRS due to its
movement inboard and strikes the FM2. The beam has an upward vertical ofßet. The top figure
shows the horizontal view (y:0) and the bottom figure (x:0) shows the vertical view.
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Figure 22: The total ambient dose equivalent rates when the beam misses the BRS due to its
movement inboard and strikes the FM2. The beam is vertically centered. The top figure shows
the horizontal view (V:0) and the bottom figure (x:0) shows the vertical view.
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Ambient dose equivalent rates on contact (mrem/h)

Side wall Roof DS wall Exit pipe L Exit pipe MBeam incident on

< 0.05 < 0.05 < 0.05 < 0.05 < 0.051. Inboard of BT

< 0.05 < 0.05 < 0.05 < 0.05 < 0.052. Center of BT

3. Outboard of BT < 0.05 < 0.05 0.07- < 0.05 < 0.05

4. Inboard of FM aperture < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

5. Outboard of FM apertúre < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

6. US edge of Ll < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

< 0.05 < 0.05 0.1 5' < 0.05 < 0.057. Center of Ll
< 0.05 < 0.05 < 0.05 < 0.05 < 0.058. US edge of Ml

9. Center of Ml < 0.05 < 0.05 < 0.05 < 0.05 0.07

10. Inboard of WBS < 0.05 < 0.05 0.0g- < 0.05 < 0.05

11. Outboard of WBS < 0.05 < 0.05 03# < 0.05 < 0.05

< 0.05 < 0.05 < 0.05 < 0.0512. Outboard of BST < 0.05

0.070 0.05 0.1* < 0.05 < 0.0513. Top outboard of BRS

< 0.05 <0.05 0.45* 0.12$ <0.05t4. As in 13, BRS moved

15. As in 14, beam centered <0.05 <0.05 0 .4 0.1$ <0.05

Table 1: of the dose rates observed outside the FOE for the various beam conditions

t* Dose rates are less than 0.05 mremÆr at 30 cm distance
# Dose rate at 30 cm distance is more than 0.05 mrem/h.
$ Dor" rate on contact with the pipe.

From the figures and the table, when the GB beam is incident on the top outboard point of the

BRS, the dose rates outside the lateral wall of the FOE is 0.07 mremlh on contact and is less than

0.05 mrem/h at 30 cm away. The ambient dose equivalent rates outside the downstream wall of
FOE are less than 0.05 mrem/h, except for seven different beam conditions. They are when the

beam is incident on the outboard side of the burn through device, center of the Ll mirror, on the

inboard and outboard sides of the WBS, top outboard point on BRS and the rays that misses the

BRS when it is moved inboard by 3mm, as per the survey data. These are marked with an

asterisk in the table. As per the ALARA policy [1], the dose rates on contact with the

downstream wall should not exceed 0.5 mrem/h and 0.05 mremlh at a distance of 30 cm from the

exterior surface. The dose rates in table 1 meet this requirement for all scenarios except when the

beam is incident on the outboard side of WBS. Here, the contact dose rate is 0.3 mrem/lh and is

0.08 mremlh at 30 cm distance as shown in Figure 23. Aset of simulations were carried out with
an additional lead shield of dimensions l0 cm horizontally, 20 cm vertically and thickness

between 1.5-3.5 cm placed inside the FOE to intercept the shower that is the cause of the higher

dose rates. A dose rate plot for an additional shield thickness of 3.5 cm is given in Figure 24.The
dose rates have now reduced to 0.2 mremlh on contact and 0.03 mrem/h at 30 cm distance. It was
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recommended to add at least 3.5 cm thick lead inside the FOE that covers the shower streaming

out of the FOE downstream wall. The location of the shield was however chosen to be outside

the FOE on the downstream wall and it is recommended that the shield be 5 cm thick covering

the stream that is marked as a black box in Figure 25. Yefücally, it should be +20 cm about the

straight center line and horizontally it should extend from -25 to -55 cm (30 cm) with respect to

the straight center line. The FLUKA geometry is built with the straight center line as the

reference. It therefore coincides with the Z axis at (x:0, y:0) of the FLLIKA geometry (upper

plot in Figure 25) and is directed towards the reader at the origin in the bottom plots.

FÙT

HH€

I
.l.lþ

100 o

Figure 23: The dose rates on contact with the downstream wall and at 30 cm distance when the
beam is incident on the outboard side of the WBS. The upper figure shows the horizontal view
(y:0) and the bottom figures show the dose rates just outside the wall (bottom left corresponding
the blue line on the top figure) and at 30 cm distance (bottom right corresponding to the magenta
line on the top figure).
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Figure 24: The dose rates on contact with the downstrearn wall and at 30 cm distance when the
beam is incident on the outboard side of the WBS and an additional 3.5 cm lead shield is
introduced. The upper figure shows the horizontal view (y:0) and the bottom figures show the
dose rates just outside the wall (bottom left corresponding to the cut with the blue line on the top
figure) and at 30 cm distance (bottom right corresponding to the cut with the magenta line on the
top figure).
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Figure 25: The dose rates outside the FOE downstream wall. The top plot shows the horizontal
view. The bottom figure shows the cut view just outside the wall (bottom left) and at 30 cm

t;

For the-beamscenario numbçr-13--whcn--the bcam-is-inci-dc-n1-on the-top o-utb-oarùside-oflhc*B-Rs,

the maximum dose rate outside the lateral wall is seen to be 0.06-0.07 mrem/tr on contact but is

less than 0.05 mrem/h at 30 cm distance. The dose rate outside the roof is estimated to be 0.05

mrem/tr on contact. Outside the downstream wall, the dose rate on contact is estimated to be 0.1

mrem/h but is less than 0.05 mrem/h at 30 cm distance.

The mechanical survey data indicated that the SBS-I and SBS-2 are smaller by 3-4.5 mm on the

outboard side and I.4-2.9 mm on the top while the dimensions and the coordinates of their
apertures remain unchanged. From figure 20, the maximum dose rates outside the lateral wall
and the roof occur when the beam hits the lead bremsstrahlung shield. This is situated in between

SBS-1 and SBS-2. These dose rates are as a result of the lateral shower maximum, the

development of which is not influenced by dimensions or the location of the SBS-1 or SBS-2.

Further, the maximum dose rates observed outside the downstream wall are all due to the

streaming of the electromagnetic shower through the apertures of SBS-2. Since there is no

change in the dimensions or coordinates of the apertures of SBS-2, these results are also

unaffected by the change in the dimensions as observed in the survey.
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The survey also indicated that the lead BRS was moved inboard by 3 mm. An additional set of
simulations were carried out with beam scenarios numbered as 14 and 15, where the BRS was

moved as indicated by the survey. Further the additional shield (SBS-3) as discussed above was

also included in the simulation. The installed thickness of the lead shield is 10 cm. The sum of
photon and neutrqn dose rates at 30 cm distance from the downstream wall is shown in Figure
26.The maximum dose rates are 0.5 mrem/h on contact and 0.05 mrem/h at 30 cm distance.

The dose rates outside the L branch beam pipe are shown in Figure 27 for beam condition given

number 14. The results are similar for beam condition mentioned in scenario 15. The dose rates

occur as a result of a combination of photons and electrons from the electromagnetic shower

entering the beam pipe through the open photon shutter and interacting with the SS and lead. An
increase around the beam pipe can be seen at a distance that is beyond 30 cm up to 4.2 m from
the downstream wall with the maximum occurring towards the inboard side (bottom right plot).

When the photon shutter of the L branch inside the FOE is closed, the dose rates outside the

beam pipe reduces to below 0.05 mrem/h as seen in figure 28.
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Figure 26:The dose rates on contact and at 30 cm distance outside the FOE dowfistream wall for
the scenario numbered 14. The higher values are contained inside the lead pipe.
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Figure 27: The dose rates outside the beam pipe with a beam condition described as scenario 14.

The top figure shows the horizontal view (V:0) and the bottom left f,rgure shows the vertical
view at the beam pipe. The bottom right figure shows the radial distribution of the dose.
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Figure 28: The dose rates outside the beam pipe with a beam condition described as scenario 14.

The photon shutter inside the FOE is kept closed. The top figure shows the horizontal view (V:0)
and the bottom left figure shows the vertical view at the beam pipe.
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A separate set of simulations were carried out with 8 mm addition SS shields covering half the

circumference of the pipe towards the inboard side, in addition the existing lead pipe. In figure

29 the results are shown with and without the additional SS shield for the angular bin (towards

the inboard side) where the maximum dose occurs. The plot on the left shows that the dose rates

reducè to 0.05 mrem/h at a radial distance otf 20 cm from the surface of the lead pipe with no

additional shield. The plot on the right shows that 8 mm of SS also reduces the contact dose rates

to 0.05 mrem/tr.

It is recommendêd that the L branch beam pipe be covered with 8 mm SS shield or with a

shielded enclosure of at least lmm thick SS extending 20 cm. They should be placed on the

inboard side of the existing beam pipe covering half the circumference and should extend to 4.2

m along the beam direction when measured from the downstream wall. The enclosure can be box

shaped as shown as an outline in figure 27 bottomright plot.

b.r

0.001
0.0.t

úO 300 ,O0 lO l0O ãrO lOO ¡l0O 5{xt

Z(cm) Z (cml

Figure 29: Maximum dose rates outside the L branch beam pipe without (left) and with
additional SS shields, for beam scenario number 14.

2.4. Summary of GB Calculations

The FLUKA calculations for the GB radiation shows that the FOE downstream wall requires an

additional lead shield of 40 cm (vertical) x 30 cm (horizontal) t 5 cm (thickness) on the inboard

side of the guillotine centered vertically and 40 cm towards the inboard side with respect to the

straight center line.

The inboard movement of the lead BRS is expected to give rise to dose rates that is greater than

0.05 mrem/h on contact with the beam pipe of the L branch. It is recommended that the pipe be

provided a shield or shielded enclosure to reduce the dose rates on contact to 0.05 mremlh.
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The source spectra that enter the FOE from the FE fixed mask are shown in Figure 30. These are

used as the starting point for all calculations that are carried out with the STACS code. The

various dcattering targets in and out of the FOE are listed below along with the incident beam.

(a)

l.
2.
aJ.

4.

5.

6.

Scatterine tareets inside the FOE
White beam fromU42 on Ll
V/hite beam fi'om EPU60 on Ml
White beam fromU42 and EPU 60 on WBS

Pink beam from Ml on FM4
Pink beam from Ll on FM2

Pink beams from Ll and Ml on photon shutters

(b) Scatterine tareets outside the FOE
7. Pink beam on an air column inside 8 mm lead (loss of'vacuum)

8. Pink beam on an air column inside 2 mm SS pipe (loss of vacuum)

9. Pink bearn on ar air culurrur inside belluws

10. Pink beams on silicon crystals inside the PGM and DCM
1 1. Pink beam on a Cu target inside 2 mm SS pipe

12. Pink and mono beams on SS flange (beam stop)

13. Monochromatic beams on generic scattering targets inside the end stations

- 
u42

- 
EPU60

¡.'¡ltrrj

c)

1e+ 15

1er10

1c+5

1r+0

1+5

1ê10

1+15

1e-Zo

le25

1s30
10 100

Photon ercrgy (kev)

Figure 30: The SR spectra fromU42 and EPU60 entering the FOE used as the starting point for
the calculations.
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3.1. Dose Rates Due to Scatter Targets inside the FOE

The white beam spectra shown in,Figure 30 were used to estimate the dose rates outside the

FOE. The distance to the wall was taken from the data sheet (Appendix l). Table 2 summarizes

the dose rates outside the FOE due to the various scatter targets. As can be seen from the table,

the dose rates outside the FOE are well below 0.05 mrem/h.

Table 2: Dose rates on contact with the FOE walls when the SR scatters of inside FOE

3.2. Dose Rates Due to Scatter Targets outside the FOE

In this section, the dose rates outside the beam pipe, bellows and end stations are discussed when

the SR scatters off targets outside the FOE.

3.2.1. Pink and Mono Beams Stopped by SS Flange

The thickness required to stop the pink and monochromatic beams incident perpendicular on a
stainless steel flange are investigated. Figure 31 shows the dose rates for different thicknesses of
SS flange required to stop the pink beams, after 2 reflections for both L and M branches. To

reduce the dose rates to 0.05 mrem/h, the flange thickness has to be at least 6 mm for,the L
branch and2.6 mm for the M branch with all mirrors set to their minimum angles. For the mono

beams, the corresponding thicknesses are estimated to be 2 mm (L branch) and I mm (M
branch). The thickness of the flanges installed is expected to be l9 mm as beam stops.

Ambient dose equivalent rates (pRem/h)
Target Beam

Side wall Roof DS wall

LI White beam < 1.0 < 1.0 < 1.0

< 1.0 < 1.0 < 1.0WBS Sum of white beams

MI White beam < 1.0 < 1.0 < 1.0

FM4 Pink beam < 1.0 < 1.0 < 1.0

FM2 Pink beam < 1.0 < 1.0 < 1.0

PSH.M Pink beam < 1.0 < 1.0 < 1.0

< 1.0 < 1.0PSH-L Pink beam < 1.0
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3.2.2. Outside the Beam Pipe

The dose rates outside the beam pipe when the pink beams are scattered from an air column are

discussed here. The lead thickness is assumed to be I mm wrapped around a 2 mm thick, 5 cm

the beam.

(a) M Branch

The minimum angle of mirror Ml is estimated to be 1.3o. The beam exiting the FOE can scatter

off an air coltmn in the event of a loss of vacuum condition. It can also hit the zero order mask

and the first uncooled aperture when mirror N{2 (inside the PGM chamber) is retracted. Figure 32

shows this configtration. The minimum angle of M2 is seen to be 0.99q from the same figure.

The M2/PGM combination offsets the beam in the vertical direction and the mirror M3

downstream of the PGM deflects it outboard. When M3 is retracted, the beam from M2 will
always be stopped by the pink beam stop.
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Figure 32: Yefüc,al ray trace of the PGM showing the beam from Ml incident on the zero order
mask and the first uncooled aperture.

With Ml atl.3" the beam is scattered off an air column enclosed inside the lead and SS pipes

and the dose rates are estimated outside. With the lead shield, the dose rates outside the pipe are

well below 0.05 mrem/h. V/ith 2 mm SS as the only shield, the ambient dose equivalent rates

outside the pipe is estimated to be 1.3 mrem/h. The dose rates outside the bellows (considered as

0.2 mm thick SS) are higher. The minimum SS thickness required to reduce the ambient dose

equivalent rates to 0.05 mrem/h is estimated to be 4 mm. The 2 mm SS pipe should have an

additional 2 mm SS while the bellows should have the fulI 4 mm thickness as shield. These

locations are marked as transparent red boxes in Figure 33.
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Figure 33: The beam pipe upstream of the PGM chamber that requires additional shielding.
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ls a

the PGM chamber. The inner radius of the PGM chamber is 40 cm and the vessel is made of 6

mm thick SS. The chamber also has 5 mm lead glass windows the composition of which is

obtained from the NIST website. The weight fraction of lead in the glass is tJ.752 and the density

is 6.22 g cm-3. The dose rates outside the PGM chamber for a beam emerging from Ml and

scattering off a silicon target inside the chamber are shown in Figure 34. The 8 inch diameter

beam pipe in the forward direction will cover about 14o. The dose rates outside the SS chamber

and the lead glass wndows are estimated to be less than 0.05 mrem/h.

-
E
(I)

E

1e-1

'l-p-.2

1ú
lU

1e-5

0 10 2030Æ
Angle of scattering (degree)

50 60

Figure 34: Dose rates outside the PGM for 6 mm SS and 5 mm lead glass. The beam pipe

opening shown here is for the 8 inch pipe connected to the chamber.

The chamber has bellows on both the ends. The bellow immediately downstream is shadowed by

the gate valve and the ray trace indicates that the miss-steered beam (Figure 35) will not hit the

beam pipe or the bellows because of the presence of the zero order mask and the tmcooled

apertures. The zero order mask is 12 mm thick copper and is enclosed inside the 8 inch diameter

SS pipe of the PGM chamber. For this target, the worst case scenario is the beam scattering in

the backward direction and getting attenuated by the 3 mm thickness of the SS pipe (Figure 36).
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Figure 35: Mis-steered ray trace of the M branch showing the PGM and the apertures

downstream of it.

Figure 36: The zero order mask and the beam pipe outside which the dose rates are estimated.

PGM chamber

Zero order mask

Pipe thickness 3 mm
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The dose fates undêr this seenario are estimated to be less than 0.05 miem/h. The

uncooled aperture downstream of the zero order mask is 20 mm thick and in the backward

direction it is shadowed by the gate valve. The minimum thickness of SS that intercepts the

scattered beam from this aperture is expected to be 5 mm inside the gate valve assembly in the

backward direction. This is larger than the 3 mm considered for the zero order mask. The dose

rates when the beam scatters off this aperture will thus be lower than that obtained when the

bea-m seafers off the zero order mask.

Tl^.".-.+*^^- ^f +L^ D/ìl\t o-'l kof^'o +ho '-i*nr l\rf ? +ha lroo* ^i^o" o^À fho lral lnttra hqrre
uvvvtrJlllgll¡ vMtv I utv¡ clrtu u!lv¡L,!rr! rrrrrrL,¡ rvt-,t l¡¡L,L'\¡(rrr¡ Frrl-¡\,ù trrr\r tlli,

a thickness of at least 2 mm. For the bellows and the 5 em dimeter 1.6 mm pipe, this is achieved

by the installed additional SS covers. The dose rates outside 2 mm thick SS when the beam

scatters from an air column is less than 0.05 mrem/h. Figure 32 indicates that the reflected beam

from M2, when the grating is retracted can potentially hit the PGM chamber or the beam pipe

dov¡nstream of it The maximnm close rates or-rtsiele a 2.6 mm SS plate wjr en the heam from M2

is incident on it is found to be 0.04 mrem/h. The beam hitting the PGM chamber or the beam

-:-^ l^--,-^¿-^^- ^f i+ i^ .^^+ ^..-^^+^l +^ -^-,,1+ :* l^-^ L:^L^* +L^- f¡ n< 
--^*/Lljlpç uuwltsltç(ltrr Lrl lL lJ lluL ç^pgteLç\¡ LU rçùulL rlr L¡v¡v lrrBrrur Lrrar w.vJ rruwlru rr.

Downstrcam oi tvl3 und up io ihe pr'ccisioir siits (in iire M aüri traiisfer branches), tlie

bellows have an additional I mm SS as shield. The dose rates outside a 1 mm SS shield is

estimatecl to be less than 0.05 mremÆr. Reyon<l the precision slits, dose rates outside the bellows

due to the mono beam scattering off an air column are estimated to be less than 0.05 mrem/h.

The M3 chamber is 4 mm thick on the side and 8 mm on top. The dose rates outside the

chamber when bèàm from M2 scatiéii off a Si targef (M3 mirroi) is estimãtèd to be less than

0.05 mrem/h.

The Cu pink beam stop is inclined at 45" with the vertical plane. It is housed in a 20 cm

diameter, 2 mmthick SS chamber. The dose rates outside the chamber when the beam from M2

scatters off the stop is estimated to be less than 0.05 mrem/h. The upper flange is 20 mm thick
^-,1 +L^ l^-l ^l^.. ^- :+ :. <(lll\l Lllv r94u ér4ùJ vll lL lù J llull Lll¡vÀ. I llvùv 4tv rurllvlvtll Lv rvuuv

r r . I ¿ ? ¡l r r 1 I
mTem/n. I AoIe J SnOwS A Sunmary OI Ine AOOIUOnil SnreIO requrrement Ior Ine vr Drancn.

Table 3: Additional Shield Requirement for the M Branch

Location
Additional SS thickness

recommended (mm)

SS pipe upstream of PGM 2.0

Bellows upstream of PGM 4.0

2 inch diameter 1.6 mm SS pipe downstream of PGM 1.0

Bellows after PGM before PBS 2.0

Bellows after PBS before precision slits 1.0
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(b) L Branch

In the L branch, the beam exits the FOE after 2 reflections (from Ll and L2). The dose rates

outside the SS beam pipe and the bellows before the DCM is shown in Figure 37. The dose rates

outside a 5 cm radius 2 mm thick SS beam pipe when this beam scatters off air is estimated to be

less than 0.05 mrem/h. However outside the bellows, the dose rates are estimated to be higher
and should be shielded by an additional 2 mm of SS. The bellow downstream of the DCM and

before the pink beam stop should also be shielded by a2 mm SS, as the first crystal of the DCM
can be positioned flat letting the pink beam in this region. Downstream of the pink beam stop,

the dose rates outside the bellows due to the mono beam scattering off an air column is estimated

to be below 0.05 mrem/h.

The dose rates outside the 6 mm DCM chamber and the 1.5 mm lead glass on it, with both Ll
andL2 at 0.53o and the beam scattering off a Si target (first crystal of the DCM) are estimated to

be less than 0.05 mrem/h.

The dose rates outside a 2 mm SS beam pipe due to the beam scattering off a Cu target is
estimated to be less than 0.05 mremlh. This condition simulates the beam scattering from the

cooled miss-steer aperture and the pink beam stop.
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Figure 37: Dose rates outside the bellows before the DCM in the L branch from the beam

scattering from an air column.
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3.2:3. Dosê oütsidelhê End stâtions

Beyond the pink beam stop (L branch) and the precision slits (M and transfer branches) the beam

is assumed to be mono energetic. The fun{amental energy and the harmonics for these 2

beamlines are taken to maximizethe flux at [he K-edge of iron and are $iven in table 4. The

mono beams are made to scatter off a genericlsample (Al) inside an end station. The end station

chambers are made of SS and have normal glass windows. The HAXPES end station on the L
branch can receive 'beams from both the branches simultaneously and is considered for ihe

analysis here as tlte worst case condition.

Table 4: Fundamentai Energy Harmonics and the Bandwidths used for Calculations with

fuIonochromatic Beams

Energy (kev)
Bandwidth

L Branch M hranch

7.10* 2.37* r.338-04

14.20
F 1t\/.tu 8.068-06

21.30

z8 .40

9.48

1 1.85

4.71F-06

35.50 16.59 3.238-07

*Fundamental energy

The end station is assumed to be an SS sphere of 17.9 cm radius and 4 mm thickness but it has

also glass windows that are 2.8 mm thick. The borosiiicate giass is assumeci to have 2.23 glcc

density and has composition (with mass fraction in parentheses) approximal.ed ttl O (0.ó0781ó),

Al (0.011644) and Si (0.330541) to match the elements with cross sections available in STAC8.

The dose rates outside the end station at all angles from both the beams (and their sum) are

^.+i*-+^'l i^ 1ra looo tl"o- fì fl{ -'om/L fnr hnfh clqcc qnrl SS qs chielrlc Fiorrre ?R shn\x/s fhe
vJLllllølwu lv vw lvùJ Lllul v.vJ ulvrr! r¡

anguiar ciistribution of the effective ciose raies itrr ihe giass siiieicis.
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Figure 38: The angular distribution of the dose rates outside the glass windows of the HAXPES
end station, as a function of angle of scattering.

3.3. Summary of SR Shielding Analyses

The analyses indicate that the dose rates outside the FOE due to the SR beams interacting with
the components inside the FOE are all well below 0.05 mrem/h. Outside the FOE, under a loss of
vacuum condition, the pink beam scattering from an air column is well shielded by the lead

covered beam pipe but additional SS shields are recommended to keep potential dose rates below
0.05 mrem/tr for the bellows and some sections of the SS pipes. These are,2 mm for the SS beam

pipe and 4 mm for bellows upstream of the PGM chamber (M branch), 1 mm for the 5 cm
diameter 1.6 mm thick SS pipe downstream of the PGM, 2 mm for the bellow between the PGM
chamber M3 chamber (M branch) and 1 mm shield for bellows downstream of M3 up to the

precision slits (M and transfer branches). In the L branch an additional shield of 2 mm SS for all
the bellows on the experimental floor up to the pink beam stop is recommended.

4. Summary and Conclusions

The radiation shielding analysis of the SST beamline has been caried out with FLUKA Monte
Carlo radiation transport code and the analytical STACS code. The analysis indicates the need

for additional shield for the FOE and some parts of the beamline to conform to the NSLS-I
radiation shielding and ALARA policies.
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Foa the FOE, ãñ ãtlditionrtl-lead shield is recommended oÍr thgdownTtre¿¡rl wallofrthe FOE

towards the inboard side of the guillotine to reduce the dose rates due to gas bremsstrahlung.

Shielding or shielded enclosure for the L branch beam pipe is also recommended to keep dose

rates acceptable.

For the beamlines on the experimental floor, additional SS shields are recommended for the 2

mm SS pipe before the PGM, 1.6 mm pipe after the PGM but before M3 chamber and the

bellows up to the precision slits in the M and transfer branches. For the L branch, additional SS

shields are recommended for all the bellows before the pink beam stop.
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1. R. Lee, NSLS-II Issue and Decision Paper: ALARA Analysis for Installations of Secondary

Bremsstrahlung Shields in the First Optics Enclosure, PS-C-FSH-STD-005, (06101l?,O16).
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6. Acronyms

ALARA
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C

DCM
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H
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Giga Electron Volts
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n'h mirror on L Branch
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Secondary Bremsstrahlung Shield

XY SIit

Stainless Steel

Spectroscopy Soft and Tender

Undulator

Micro Calorimeter

Upstream

Vertical
Vector Potential Photoelechon Microscopy

White Beam Stop

Page 33 of 38



Anpendix I

7-ID-SST / Beamline Masko Collirnator and Shielding Data for FLUI(A Clalculations

First Optical Enclosure

Z locations from the source point.
FOE dimensions, distances (to the lateral'walls etc.)

Notes

Material
Concrete lLead
Concrete lLead

Lead
Lead

Concrete lLead
I-ead

Iæad

Thickness fmm)

1447.ïnnn
18.0

10.0

50.0

50.0

DistanceÆosition
Z

Z:25468.2rnm
X:1539,6
Y:2085.8
z: -3673.9
Z:7775.1

369t6.2

Shieldins Information (dimensions in mn) *

DS face of rat<;het wall (insicle FOE)
OB wall distance from 7-SST photon boâm centerlin¡
Minimum distance from beam centerlirLe to roof Pb shie.tdine
Min distance: white beam (US) Z-axis to iSR wall outer tlace

Min distance: white beam (US) Z-axis to hutch wall jinside Pb
face

Angle betw SR wall & white photorL beam Z-axis:4 rlegrees
DS End of 7-SST FOE Back wall (insicle .lace of lead)
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Beamline Components for FLUKA Calculations
Dimensions in mm.
A rture dimensions include all tolerances

Associated
Drawings

PD-COM-APERT-OO9O

FMB Dwg No:

AAC0226 Rev 1

Material

NIColoy E

Glidcop
AL-15

Offset (vertical
or horizontal)

w.r.t
SST white

beam center
line

Offset: -0.136

(H) Inboard
"M" Branch:

-24.16 (C)

(H) Outboard
ttl-t'Branch:

28.70 (C')

Offset: -0.136

(H) Inboard
"M" Branch:

-24.16

(H) Outboard
"M" Branch:

Lead CO or Mask
Aperture, mm

flIDx(H) or (Dia)

Inboard Aperture o'M"

Branch: 27.88 x22.70

Outboard Aperture "L"
Branch :27.88 x20.20

Inboard "M" Branch:
29.82 x 24.7 (US)

Inboard "M" Branch:
7.78x7.78 (DS)

Outboard Aperture "L"
Branch :29.82 x22.2

(US)
Outboard Aperture o'L"

Branch :7.78 x 5.4 (DS)

Dimensions

Outer
dimensions

(w)x(H)x(L)

&151.6x20.1
(offset X-

0.136,
measured

from raytrace)

108 x85 x2l2
(offset

X:0.102,
measured

from raytrace)

Zlocation,
(Distance from
Source Point)
(US), (DS) or

center (C)

26384.0 (US)

26440.0 (US)

26652.0 (DS)
Offset: -0.136

Beamline
Component

FOE

Burn through
device

Fixed mask 1

Page 35 of 38



FMB Dwg No:

AHM6101 Rev4

FMB Dwg No:

ABC0509 Rev

1/lnnospec Drawing

D424-01

FMB Dwg No:

AHM6151 Rev4

FMB Dwg No:

AQC0076 Rev 2,

AQP0005 Rev 2 for
reference

FMB Dwg No:

AAC0573 Rev 1

FMB Dwg No:

ABC051 0 Rev

1/lnnospec drawing
D424-02

Singl:
Crystal
Silicon

Lead

Singl,e

Crystal
Silicon
OFHC
Copper

Lead.

Leadl

28;î0

(H)Inboard
"M" Branch:

'29;i2

7.0 (H)
0.0 (v)

-,18.8 (H)
0.0 (v)

1.03 rH)
-12.0e (v)

-,rs.4 (H)
().0 (:v)

(iI{.)Inboard:
-36"0

(H) Outroard:
85.12

N/A

& 165.0

N/A

31.64 x 11.9

N/A

Inboard: &12.0

Outboard: &72.0

60 >r 60 x 335

,53() x 522x
100

C,ffsret X:15.0

70 >r 60 x250

See Fmb Dwg
Crffset X:1.03

tì8.39 x
149t.22 x 300
OlTset X:-

6.9595

89t0 x 968 x
100

Crff¡iet X:27.0

274s0.0 (c)

27960.01 (US)

28s80.0 (c)

2e142.1 (US)

2e288.3 (US)

30699.99

Mirror Ll

Secondary shield
#T

(Different
dimensions

reported in the
survey)

Mirror Ml

White beam stop

BRS
(Different

dimensions
reported in the

survey)
Secondary shield

#2
(Different

dimensions
reported in the

survey)
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FMB Dwg No:

AAC0674 Rev 1

FMB Dwg No:

AHM6201 Rev3,
AHM6202 Rev 2

FMB Dwg No:

ABC0415 Rev 1,

AQMO178 for reference

FMB Dwg No:

AFC0380 Rev 1

FMB Dwg No:

AFC0465 Rev 1

FMB Dwg No:

AAC0571 Rev 1.

MM0103 Rev 1 for
reference,

Dwg No:

The Guillotine was not
provided by FMB Oxford

L Branch

FMB Dwg No:

I callthis FM3. AAC0673

OFHC
Copper

Single
Crystal
Silicon

Tungsten

OFHC
Copper

OFHC
Copper

OFHC
Copper

Lead

OFHC
Copper

(H) -72.77

(H) -104.7s

(H) Inboard:
-67.4 (Edge)

(H) Outboard:
210.6 (Edee)

(H) -102.01

(H) 3s2.44

(H) 143.s1

(H) Inboard:
-99.31

(H) Outboard:
402.0(DS)

(H) Inboard:
-78.13

&r0s.36 (us)

13.05 x 13.05 (DS)

N/A

N/A

14.14 x 11.24 (US)
9.54x 11.24 (DS)

17.58 x 11.24 (US)
13.55 x 11.24 (DS)

&107.19 (US)

20.64 x 20.6a (DS)

Inboard: &121.76

Outboard: 8.121.76

&107.1e (US)

&130.0

60x 60 x 400

278 x 120 x
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Offset X:7I.6

80x58x12

100 x -x12

&130.0

827 x 800 x
100

&130.0

32e32.2 (US)

34500 (C)

3s666.0 (US)

3s666.0 (US)

35930.4 (US)

31883.6 (US)

36817.2 (US)

4s94s.4 (US)

FM2
L Branch

Mirror LzNLzB

Tungsten
Collimator

Cooled Frame -
FS- L Branch #1

Cooled Frame -
FS- M Branch

FM4

Guillotine

Mis Steer
aperfxe #2
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AAC0507 Rev 1.
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off the PGM

Rev 1

FMB Dwg No:
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FMB Dwg No:

FMB Berlin drawing
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FMB Dwg No:

AMC1571 Rev 2

OFHC
Copper

Silico:n
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Silicar

FusecJ

Silic¿r

(H) Outboard:
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(FI) Outboard:
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x 16.64 (DS
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N/A
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Mirror M3AB
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