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I.

Unreviewed Safety Issue (USD Evaluation Form

USI Evaluation No.: NSLS-II-EVAL-2015-004, Rev. I

Title of USI Evaluation and Sponsor or CondÍtion Owner:

Re-statement of NSLS-II ASE Stored Beam Lower Energy Limit for Storage Ring

Steven Moss, PS Authorization Basis Manager

Description of Proposed Activity or Discovered Condition

See Attachment 'A' which includes Description of Proposed Activity and Safety

Analysis. See below for affected Credited Controls and affected SAD sections. See

Attachment oB' for a marked-up copy of the page to be changed in the ASE and in the

SAD.

REFERENCES

1) Unreviewed Safety Issue Determination Procedure, PS-C-ESH-PRC-002, Yer.4,
June 27 ,2014.

2) Safety Assessment Documentfor the National Synchrotron Light Source 1¿ PS-C-

ESH-RPT-OOI, Ver. 3, May 2015.

3) Accelerator Safety Envelope (A SE) ¡/S¿S-1¿ PS-C-ESH-ROASE-0 01, Y er. 2,

}r{ay 2015.

4) NSLS-il Technícal Note No. 178, "Beam Energl,,Limitsfor ¡f,S¿.S-11^SR", June 18,

2015. lcopy attached]

5) ¡/,S¿S-II Local Shielding Design Coordinating Group Memo, (from Dr. S. Kramer

- Chairman and Dr. Z. Xia to Mr. R. Lee - Manager of ESH&Q for NSLS-II),
with subject, Removal of the NSLS-II ROASE stored beam lower energt limit,
June 22,2015. [copy attached]

6) Photon Science Radiation Safety Committee (RSC) Memo, (from Dr. Z. Zhong-
Chairman to Mr. S. Moss - ABD Manager, et. al.), with subject, Review of the

proposed elímination of NSLS-il ASE stored Beam lower energl limitfor storage
ring ", October 19, 2015.

7) PS-C-ASD-PRC-095, "Scheduling and Performing NSLS-II Machine Studíes"

8) E-mail dated November 10, 2015 fFrom Dr. M. Benmerrouche to LESHC Chair,

Mr. E. Lessardl, with subject: RE: Response to LESHC Comment(s) on Potential

for Ozone Production Associated with USI Evaluation No. NSLS-II-EVAL-2015-
004, "Elimination of NSLS-I ASE Stored Beam Lower Energy Limit for SR".



II Does the proposed activity or discovered condition affect information presented

in the Safety Assessment Document (SAD) (e.g., regarding equipment,
administrative controlso or safety analyses)?

YES - V/ithin the Safety Assessment Document for the National Synchrotron Light
Source II [PS-C-ESH-RPT-001, Ver. 3 dated May 2015], there is specific reference to
minimum stored electron energy circulating in the Storage Ring. Section 5.2.3 -
Storage Ring Credited Controls for the MCI; 4th Bullet states, "The minimum stored
electron energy shall not be less than 2.8 GeV." However, none of the other bullets
pertaining to Storage Ring Credited Controls for the MCI are affected, at all.

Low energy operation of the Storage Ring is specifically barred by implementation of
the applicable ASE Limit, as called out in Chapter 5 of the SAD, as well as the ASE
itself. Because of the prior significant safety issues associated with the Mis-steering

Event during Linac Commissioning, it is understood that changing any of the ASE
limits resulting from the corrective I mitigative actions taken after that event, even

temporarily, will represent a positive USID, requiring a formal safety analysis and

review process within NSLS-II and review by LESHC I ALD for ESH. Based upon

the accepted analyses attached, which shows NO increase in Hazard or Risk by re-

stating the particular ASE Limit in question to clarify that injection energy will NOT
be lowered but that it is acceptable to allow the stored beam energy after injection to
be reduced by use of accelerator controls, and the required LESHC / ALD-ESH
review and approval; allowing the change proposed with prior DOE concurrence.

Additional areas of the SAD reviewed for potential impact by the proposed

clarification include: Section 3.3.3.6 - Storage Ring (no impact); Section 3.3.3.9 -
Control System (no impact); Section 3.3.3.10 - Top OfT Operation (which has

interlocks and controls that would preclude Top Off Operation during low energy

operations of the Storage Ring); Section 3.3.4 - Storage Ring RF System (no impact);

Section 4.15.3 - Radiological Hazards Associated with the Storage Ring and

associated subsections (no impact); 4.15.8 - Abnormal Operating Conditions,

including Maximum Credible Incident (no impact); il5.10 - Radiological Hazards

Associated with Top-Off Operations (conservative impact, as previously noted when

in experimental low energy mode within Storage Ring, Top-Off Operations are

disabled by internal interlocks and controls); and Chapter 5.0 - Basis for Accelerator

Safety Envelope (only affected as already noted above in first paragraph). The

documents, "Beam Energlt Limits þr the NSLS-il,SR " INSLS-II Technical Note No.

178, dated June 2015 - Ref. 4, cited abovel and " Removøl of the NSLS-il ROASE

stored beam lower energy limit" INSLS-II Local Shielding Design Coordinating

Group Memo, dated June 22,2015 - Ref. 5 cited above]; confirms compliance of this
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re-statement of the lower energy limit for injected beam into SR with NSLS-il
Shielding Policy; and defines the change to be made to the current credited controls.

Does the proposed activity or discovered condition affect any of the requirements
of the Accelerator Safety Envelope (ASE)?

YES - The DOE-approved NSLS II ASE [PS-C-ESH-ROASE-001], Ver. 2 dated

May, 2015; does currently include one credited control that must be re-stated in order

to undertake the Experimental Machine Studies requiring lowered stored beam energy

in the SR. Ref. 4 above analyzes the radiological risk associated with Beam Energy

Limits for the NSLS-II Storage Ring and clearly shows that re-stating the lower
energy limit on injected beam into the Storage Ring to conduct valuable scientific

studies of the machine at lower stored beam energies represents a reduced risk
compared to the risks associated with studies at normal operating energies (3 GeV)

for which all required shielding was designed and verified effective through

comprehensive fault studies and surveys.

ASE Section2.l.3 - Credited Controls for Storage Ring Maximum Credible Incident

includes one specific commitment which must be restated for the completion of the

Experimental Machine Studies contemplated herein. ASE Section 2.L 3.3 currently

states,

"The minimum stored electron energ/ shqll not be less than 2.8 GeV."

It shall be re-stated as follows,

"Injectíon to the Storage Ring shall be prohibited if the storage ring dipole current is

outsíde of the range which corresponds to 2.8 GeV to 3.3 GeV beam energ/."

As no changes are proposed to the normal and established limits on injection energy

to the Storage Ring from the Booster; ASE Section 2.1.3.4 will remain in force

throughout any Experimental Machine Studies conducted, and that states,

"The minímum electron energy transported to the Storage Ring shall be equal to or
greater than 2.0 GeV."

IV. USI Evaluation Criteria

1. Could the change or discovered condition significantly increase the probability of
occurrence of an accident previously evaluated in the SAD?

nv or XN
Justification: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring does NOT significantly increase
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the probability of occuffence of an accident previously evaluated in the SAD. These

include: the Linac MCI Analysis for electron energy of 250 MeV and current of 100

nC/s; the Booster MCI Analysis for electron energy of 3.0 GeV and current of 15

nCls (with an increase of <5Yo for scaling up to 3.2 GeV); the Storage Ring MCI
Analysis for electron energy of 3.2 GeV and injection current of 15 nCls; the Storage

Ring MCI Analysis for stored electron beam of energy 3.3 GeV and stored beam

current of 1,000 mA and the Beamline MCI Vacuum Surges (with potential

overheating). Viith the injection from the Booster to the Storage Ring at nominal 3

GeV energy combined with a ramping down within the Storage Ring by the dipole

magnets to lower energy levels for Experimental Machine Studies; the remaining

established credited controls protect against the impact of reduced stored beam

energy in Storage Ring from affecting previous accident analyses in the SAD,

analyzed for higher initial energies. Attachment A - USI Evaluation for Re-statement

of Stored Beam Lower Energy ASE Limit, when combined with References 4 and 5

above provide the necessary technical assurance to conclude that the re-statement of
the ASE limit tci eliminate the restriction on minimum stored electron energy in the

Storage Ring does NOT significantly increase the probability of occuffence of an

accident previously evaluated in the SAD.

2. Could the change or discovered condition significantly increase the consequences of
an accident previously evaluated in the SAD?

!v or XN
Justification: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring does NOT significantly increase

the consequences of an accident previously evaluated in the SAD. These include: the

Linac MCI Analysis for electron energy of 250 MeV and current of 100 nC/s; the

Booster MCI Analysis for electron energy of 3.0 GeV and current of 15 nC/s (with an

increase of <5o/o for scaling up to 3.2 GeV); the Storage Ring MCI Analysis for
electron energy of 3.2 GeV and injection electron current of 15 nCls; the Storage

Ring MCI Analysis for stored electron beam energy of 3.3 GeV and stored beam

current of 1,000 mA and the Beamline MCI Vacuum Surges (with potential

overheating). With the injection from the Booster to the Storage Ring at nominal 3

GeV energy combined with a ramping down within the Storage Ring by the dipole

magnets to lower energy levels for Experimental Machine Studies; the remaining

established credited controls protect against the impact of reduced stored beam

energy in Storage Ring from affecting previous accident analyses in the SAD,

analyzed for higher initial energies. Attachment A - USI Evaluation for Re-statement

of Stored Beam Lower Energy ASE Limit, when combined with References 4 and 5
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above provide the necessary technical assurance to conclude that the re-statement of
the ASE limit to eliminate the restriction on minimum stored injection electron

energy in the Storage Ring does NOT significantly increase the consequences of an

accident previously evaluated in the SAD.

3. Could the change or discovered condition significantly increase the probability of
occuffence of a malfunction of equipment important to safety (e.g., engineered

credited controls) previously evaluated in the SAD?

[v or fiN
Justification: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring does NOT significantly increase

the probability of occurrence of a malfunction of equipment important to safety (e.g.,

engineered credited controls) previously evaluated in the SAD. The re-statement of
the limit (setpoint) for the minimum injection electron energy does nothing to affect

any other Credited Control as it only involves the re-setting of the SR dipole magnet

current low limit trip point which is designed to be adjustable. Attachment A - USI
Evaluation for Re-statement of Stored Beam Lower Energy ASE Limit, when

combined with References 4 and 5 above provide the necessary technical assurance to

conclude that the re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring does NOT significantly increase

the probability of occuffence of a malfunction of equipment important to safety (e.g.,

engineered credited controls) previously evaluated in the SAD.

4. Could the change or discovered condition significantly increase the consequences of a
malfunction of equipment important to safety (e.g., engineered credited controls)
previously evaluated in the SAD?

!v or [N
Justification: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring does NOT significantly increase

the consequences of a malfunction of equipment important to safety (e.g., engineered

credited controls) previously evaluated in the SAD. The re-statement of the limit
(setpoint) for the minimum injection electron energy into the Storage Ring does

nothing to increase the consequences of any malfunction of equipment important to

safety. It only allows for postulated events to occur at lower stored beam energy, if at

all. Attachment A - USI Evaluation for Re-statement of Stored Beam Lower Energy

ASE Limit, when combined with References 4 and 5 above provide the necessary
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technical assurance to conclude that the re-statement of the ASE limit to eliminate the

restriction on minimum stored electron energy in the Storage Ring does NOT
significantly increase the consequences of a malfunction of equipment important to

safety (e.g., engineered credited controls) previously evaluated in the SAD.

5. Could the change or discovered condition create the possibility of a different type of
accident than any previously evaluated in the SAD that would have potentially
significant safety consequences?

fv or XN
Justifìcation: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring could NOT create the possibility
of a different type of accident than any previously evaluated in the SAD that would
have potentially significant safety consequences. Attachment A - USI Evaluation for
Re-statement of Stored Beam Lower Energy ASE Limit, when combined with
References 4 and 5 above provide the necessary technical assurance to conclude that

the re-statement of the limit for minimum injection electron energy into the Storage

Ring creates no new or different type of accident than any previously evaluated in the

SAD that would have potentially significant safety consequences.

6. Could the change increase the possibility of a different type of malfunction of
equipment important to safety (e.g., engineered credited controls) than any þreviously
evaluated in the SAD?

!v or [N
JustifÏcation: The re-statement of the ASE limit to eliminate the restriction on

minimum stored electron energy in the Storage Ring could NOT increase the

possibility of a different type of malfunction of equipment important to safety (e.g.,

engineered credited controls) than any previously evaluated in the SAD. The DOE-

approved NSLS II ASE [PS-C-ESH-ROASE-001], Ver. 2 datedMay,2015; includes

all credited controls that are necessary for operations up to the upper electron energy

limits of 3.3 GeV in the Storage Ring. Attachment A - USI Evaluation for Re-

statement of Stored Beam Lower Energy ASE Limit, when combined with
References 4 and 5 above provide the necessary technical assurance to conclude that

the re-statement of the ASE limit to eliminate the restriction on minimum stored

electron energy in the Storage Ring does NOT increase the possibility of a different

type of malfunction of equipment important to safety (e.g., engineered credited
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controls) than any previously evaluated in the SAD, nor does it represent an overall

increase in risk.

V. USI Determination

A USI is determined to exist if the answer to any of the 6 questions above (in Section V)
is "Yes." If the answers to all 6 questions are "No," then no USI exists.*

Does the proposed activity (or discovered condition) constitute a USI?

I Yes - DOE approval required prior to implementing, or discovered condition

remedied in accordance with the Section 6.4 of PS-C-ESH-PRC-002, Unrevíewed

Safety Issue Determination Procedure.

n No - Proposed activity may be implemented with appropriate internal review, or no

further action is required to address the discovered condition's impact on accelerator

safety (other actions may be required to meet other PSD or Laboratory requirements).

*According to the SBMS Subject Area, Accelerator Safety; Section I - Unreviewed Safety Issue (USI) Process;

Step 6: If the USI Process determination is that the discovery or planned change will imoact credited

controls, existing MCIs, create new MCIs or cause an increase in the risk classification as per the SAD risk table,

it is a USI.

/(
Prepared by: (Qualified E

(?o/,.,, *-'/ Å,u, nl¡ul,{
L

I
Approved by: Date
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USI Evaluation No.: NSLS-Il-2015-004, Rev. 1

Attachment A - Description and Safety Analysis

Re-statement of NSLS-Il ASE Stored Beam Lower Energy Limit for Storage Ring

Description:

SAD Section 5.2.3 - Storage Ring Credited Controls for the MCI [4th Bullet] states, "The
radiological consequences of miss-steering electrons in the Storage Ring were evaluated over the
energy range between 2.8 GeV and3.2 GeV. To ensure that electrons with energy less than 2.8
GeV are not accepted into the ring and stored, the Storage Ring magnet-current is monitored. If
the magnet current is less than the value corresponding to 2.8 GeV the PPS will turn the RF off
and prevent further injection. The scientific program of the machine is operated at3.0 GeV and
at present has no needs for lower beam energy."

The last sentence of the statement above is no longer correct. The following re-statement of the

lower stored beam energy limit from the ASE Section 2.1.3.3 has been proposed:

"Injection to the Storage Ring shall be prohíbited if the storage ring dipole current is outside of
the range which corresponds to 2.8 GeV to 3.3 GeV beem energ/."

This will allow NSLS-II to accomplish the following goals:

o High-impact accelerator physics experiments are possible with the existing NSLS-I
hardware if the ring energy is reduced below 3.0 GeV.

o If the anticipated experiments are not performed here and soon, they will be done
elsewhere without NSLS-II providing the necessary support as a National User Facility.

. Machine studies in the same energy region would also be of great interest for beamline
developers and soft x-ray users.

o Most of these studies can be done at very low beam current, < 10 mA fMinimal Risk].
o Lower stored beam energy will be achieved through standard down-ramping, with

nominal 3 GeV beam injection.
o Storage Ring is well-shielded for losses of up to 0.5 A beam at 3 GeV. The lower the

stored beam onergy the more effective the shielding is.
o To allow for the early initiation of Storage Ring RF, before the dipole magnets are

brought up to appropriate current range. Delaying the start-up of the RF system hinders
reliability as this is the system requiring the most attention and being able to start RF,
sooner would allow for the early resolution of potential issues and promote more efficient
restart after shutdowns. This is a no-beam situation, of course (early restart of RF).
Removing the low energy limit on stored beam is the easiest way to alleviate this issue.

Note that the reduction of energy would occur only in the storage ring proper, not the injector.

The booster would still operate at 3 GeV, 3 GeV electrons would be injected into the storage

ring, and after stored beam is established, the ring energy would be lowered by ramping down all



magnets and RF. Radiation physicists and Accelerator physicists who have reviewed this plan
see no problem with this mode of operation [see authors of Ref. 4 and Ref. 5 attached].

SAD Section 5.2.3 - Storage Ring Credited Controls for the MCI [5th Bullet] states, "BTS
magnets will be monitored by the PPS and interlock the Linac gun off if the magnet currents are
outside their allowed current window and the Storage Ring shutter is open. Portions of the beam
phase space with energies ranging from 2.0 GeV to 3.2 GeV can be transported into the Storage
Ring enclosure. This control reduces the analysis that would need to be conducted to examine
potential MCIs at lower energies in the Storage Ring Enclosure" This statement will not be
changed.

As presently designed, the TOSS does not allow injection into the Storage Ring unless the
energy is within 2o/o of 3 GeV, if any front end shutter is open. If the front end shutters are all
closed the TOSS is by-passed and locking out TOSS has no effect.

There are two energy limiters on the Storage Ring dipole current. One trips the Storage Ring RF
and the other trips off the Linac Gun. It is only the one which trips off the Storage Ring RF that
will be changed. The energy limit that disables the Linac Gun remains and ensures that it is not
possible to inject at lower energies.

The experimental Machine Studies contemplated above, at reduced storage ring beam energies,
will be detailed and analyzed separately, in accordance with PS-C-ASD-PRC -095,"Scheduling
and Performing NSLS-il Machíne Studies". The Machine Study write-up(s) will reflect the
commitment to administratively limit the number of Storage Ring re-fills to no more than 20 per
hour during such Machine Studies, independent of the instrumentation designed to protect
against exceeding MCI conditions fwhich is done by an ACMI in the Booster-to-Storage Ring
line which interlocks the Linac gun at 43 uC/hrl.

Safety Analysis:

The proposed "Re-statement of the NSLS-I ASE Stored Beam Lower Energy Limit for Storage
Ring" IASE Criterion 2.1.3.31can be effected by just changing a setting on the Storage fung
Energy Limit Trip Amplifiers that interlock the Storage Ring RF transmitters. This will need to
be done for both 'A' and 'B' chains of the Storage Ring Persorurel Protection System (PPS). The
lower limit will be reduced to 2.0 GeV (or lower, if needed), the upper limit will remain in place.
The separate Injection Energy Limiter Trip Amplifiers will not be changed and they will prevent
the Linac gun from operating if the Storage Ring energy is below 2.8 GeV and if the BST B2
Dipole is within its energy limits and the BtS Shutter is open. This will prevent injection into the
Storage Ring at Storage Ring energies below 2.8 GeV.

Storage Ring is designed and constructed to be well-shielded for losses of up to a 500 mA beam
at 3 GeV. All testing and surveys to date at lower currents support the accuracy of that statement
Moreover, the lower the stored beam ensrgy, the more effective the shielding is.



The current interlock topology exists that eliminates the possibility of injecting beam into the
Storage Ring, if the dipoles are set at incorrect energy. Presently, whenever the dipole current is
outside of plus-or-minus 1.8% of the 3 GeV energy window, the system drops the RF and
disables the gun. This precludes the injection of a 3 GeV beam when the magnets are down-
ramped to lower energies.

With respect to experimental studies with lowered stored beam energies, limits on associated
beam currents can and will be stated in the Machine Study Plan(s), which must be reviewed and
approved before implementation. One additional administratively controlled Operational Limit
will be included for the Machine Studies planned at lowered energies and that is, No more than
20 Storage Ring Refills per hour. The lead operator has the responsibility for control over the
maximum stored beam current in the machine through the controls system by setting an upper
limit on the beam current that is only changeable at the lead operator's console, which inhibits
the trigger to the gun once reached or exceeded. This is routinely done by an ACMI in the
Booster-to-Storage Ring line which interlocks the Linac gun at 48 uC/hr cumulative charge.

Control of the distribution of losses from the Storage Ring is not a current requirement, nor is
any acceptable distribution pre-defined. V/hat is def,rned is the alarm and trip points for the Area
Radiation Monitoring System, which reacts at such low levels as to preclude radiation
overexposures to personnel, even with intentionally miss-steered beams. Nonetheless, beam
scrapers can be used to localize beam losses in the more heavily shielded areas. Efficiency of
such plans would be dependent on the specific ramps and the beam motion.

The analyses contained within Ref. 4 and Ref. 5 (attached) show that if the stored beam strikes
the shielding at lower energies (below 3 GeV) the shielding will be more than adequate. The
analyses have been reviewed and accepted by the NSLS-II Radiation Safety Committee [Ref. 6].

Re-statement of the NSLS-il ASE Stored Beam Lower Energy Limit for Storage Ring IASE
Criterion 2.I.3.31cannot create a miss-steering event, even at lower energies, similar to the Linac
event. The PPS will continue to restrict injection to a narrow window around 3 GeV. Once beam
is stored within the Storage Ring, no large miss-steers in the beam exist, nor is it possible to
ramp the magnet current fast enough to lose a beam at a focused location. That would require
ramping supplies to a current limit on the order of a microsecond, something only the injection
kickers can do. The design of the Storage Ring magnet power supplies are such that, tenths-of-
seconds to seconds are required to effect a change in magnet current. Therefore, miss-steers such
that the beam does not hit a shield are not possible once beam has been stored.

Regarding the injection kickers; they are set up to bump the stored beam toward the injection
septum for injections. Once the beam energy is lower, the bump would cause the beam to strike
the aperture at the inside of the ring or the injection septum. These areas are analyzed for losses
at the ASE maximum.

An extremely conservative calculation was performed to assure that circulation of the lowered
energy beam would not create an Ozone production concern. The maximum ozone concentration
produced was determined to be 0.007 ppm (where TLV for Ozone 0.1 ppm). This is not expected
to be a problem for workers accessing the storage ring tunnel following the Machine Studies of
ramped down stored beam energy.



In conclusion, given the fact that injection will be restricted to 3 GeV by the PPS, that the
shielding is designed for 3 GeV, and that miss-steers at lower energies resulting in a point loss
are not possible once stored beam is established, there can be no deviation created from the
existing safety analysis, even at maximum stored beam current or anything less than that which
presents an increase inhazard or dose to workers or the environment.
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current of 500 mA. An operational limit for circulating current in the storage ring
has been established of 550 mA (providing a 10o/o margin on top of the
nominal value) The operators are charged with not exceeding this limit, and
receive specific training focused on the operating limits on the beam energy
and intensity (circulating current). ln addition, two engineering systems provide
additional back-up to the operators for defense in depth.

The maximum stored electron energy shall not exceed 3.3 GeV
Basis: An upper ring energy PPS interlock monitoring the storage ring magnet current

is established for 3.2 GeV which matches the maximum energy permissible for
the Booster extraction energy. At energies higher than 3.2 GeV, the interlock
will turn off the ring RF and stop further injection into the ring. The ASE upper
energy limit for the Storage Ring is set at 3.3 GeV, providing a slight margin to
the action of the upper ring ener$y interlock. Energies higher than the Booster
injection energy are unlikely but could occur due to acceleration by the storage
RF cavities. The MCI was calculated using an energy of 3 GeV. The radiologiCal
consequences of a 3 GeV electron beam and a 3.3 GeV beam are not
significantly different.

Basis: The radiological consequences of mis-steering electrons in the Storage Ring
were evaluated over the energy range between 2.8 GeV and 3.2 Gev. To
ensure that electrons with energy less than 2.8 GeV are not accepted into the
ring and stored, the Storage Ring magnet-current is monitored. lf the magnet

ng to 2.8 GeV the PPS will turn tlleFlF-

:

' The minimum electron energy transported to the Storage Ring shall be greater
than 2.0 GeV
Basis: BTS magnets will be monitored by the PPS and interlock the Linac gun off if the

magnet currents are outside their allowed current window and the Storage Ring
sh_utter is open. Portions of the beam phase space with energies ranging from
2.0 GeV to 3.2 GeV can be transported into the Storage Ring enclosure. This
control reduces the analysis that would need to be conducted to examine
potential MCls at lower energies in the Storage Ring enclosure.5,2.4 Gredited Controls for Top-Off Operations MCI

o The maximum electron charge injected into the Storage Ring shall not exceed
2.7 uC (2,700 nG) integrated over one hour

Tle MCI for injection into the Storage Ring is evaluated at an injection rate of
45 nC/min, which if continued for a period of t hour would result in 2.T pC/hr.
The charge injection rate of 45 nC/min allows for rapid Top-Off of the siorage
ring and exceeds other operational limit pre-sets. The maximum integrated
injected charge per hour will be 'limited to 2.T ¡tc (2,700 nc). Tóp-off
operations are expected to be regular relatívely small injections continuously.
The accident analysis has shown that the areas adjacent to the storage ring
will satisfy the NSLS-Il Shielding Policy during Top Off Operation at this hourty
injection charge. Operators will be able to monitor the injected rate and hourly
charge through Control room display and ensure compliance with this limii.
The injected charge will be monitored and controlled through the PPS system
(i.e., ACMI in the BtS transport line and after the fourth acóelerating strúcture
in the Linac.

' ft sptT .^ti:ffi iHqì f#*H'[%; Bf.J TuJ#'¡
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Basis:
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2.1.2.3 The minimum injected electron'energy shall be 150 MeV

2.1.g Gredited Controls for Storage Ring tlaximum Gredible lncident
The following limits establ¡sh the operational envelope for Storage Ring
operation that may not be exceeded.
2.1.3.1 The maximum electron charge shall not exceed 54 UC

integrated over one hour as measured by an ACMI located
in the Booster to Storage Ring (BtS) transport line. The
maximum electron charge stored within the Storage Ring
shall not exceed 2.6 pC (2600 nC) at 3.3 GeV.

2.1.3.2 The maximum stored electron energy shall not exceed 3.3
GeV.

r.3.3
..^^N

2.1.3.4 The minimum electron energy transported to the Storage
Ring shall bE equal to or greater than 2.0 GeV.

2.1.4 Credited Gontrols for Top-Off Operation ilCl
Top-Off Operation shall be defined as the mode of operation when it is
desired to inject electrons into the Storage Ring with the photon
shutters open.
2.1.4.1 During Top-Off Operation, the maximum electron charge

injected into the Storage Ring shall not exceed 2.7 ¡tC
integrated over one hour as measured by an ACMI located
in the BtS transport line and an ACMI immediately
downstream of the fourth accelerating cavity of the Linac.

2.2 Gredited Controls for Radiation Hazard
There are a number of credited controls which are required to maintain the
radiological consequences within bounds of the MCl. Except as designated,
these apply to the operation of all accelerators and beamlines:
2.2.1 Each accelerator and beamline when operational must have its

Personnel Protection System (PPS) and associated barriers, including
gates, fencing, and berms, and the area radiation monitoring system
operational and certified in compliance with the approved procedure.
The relevant PPS must be operational during testing of RF cavities.

2.2.2 All required radiological shielding for an area must be in place and
certified in compliance with the approved inspection procedure during
operation of that area with the radiation hazard.

2.2.3 All required burn-through devices must be in place and certified in
compliance with an approved inspection procedure during operation
of a front-end with the radiation hazard.

2.2.4 At least one qualified, trained operator shall be on-duty during
operation of the accelerators with electron beam.

2.2,5 All required TOSS apertures for approved front ends must be in place
and certified in compliance with the approved inspection procedure
during Top-Off Operations within that area.
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l. lntroduction

The bulk shielding for the NSLS-U was specified [] using the Analytic Model for radiation
penetration of thick shields [2-4]. This model assumes that the dose rate of concern is at a total distance
R from the radiation source to be shielded. This source originates from a total beam power (J) hitting a
thick target. The source terms for each componcnts of ionizing radiation emitted by the target (i. e.
electrons, gamma rays and neutrons of concem here) is expressed as radiation dose equivalent factors
(F¡ for each component i), which are the unshielded equivalent dose rates for that component per unit of
incident beam power J, at a distance R: lmeter from the target. Each radiation component is then
shielded by the material of thickness t, with attenuation length ?q for each radiation component, i. The
shielded total dose rate (H) is estimated by the sum of each attenuated radiation component for the
incident total beam power J, at the total distance R, by the equation (1)

H: (J/Rt)* E¡F¡ *expf-t/t:l (1)

This equation is only valid for transverse radiation dose rute at -90" (transverse walls of tunnel) from
the incident beam direction and the target needs to have at least 3 radiation lengths of thickness and 6
Moliere radii in transverse size, in order to generate a significant E-M shower and transfer sufficient
energy to the shower particles.

This equation can be used to calculate either dose rate if the beam power loss is continuous
(injection) or for exposure dose if the beam power is lost in a single pulse (dump of stored beam or one
injection pulse), for which the beam energy loss (integral of beam power loss over the pulse time
duration) is used. The dose equivalent factors, F¡, âre usually given in units of (pSv m2lJoule) or (mrem
m2lJoule) and the time unit for dose rate or exposure dose coming solely from the units for J being
either beam power loss, P6 (Watts : Joulelsecond) or beam energy loss, U6 (Joule). In either case the
radiation outsidc the shield only depends on the total beam power or energy lost.

1) For continuous beam loss, the beam power loss P¡ (Watts) is the product of the particle

kinetic energy Eo (eV)/e (total energy less rest energy, which is negligible for electron
beam):

Po :Eo (eV)le x bcam current I (Amps).



2) For single pulsed beam loss the total beam energy loss U¡ (Joules) is the product of the

particle energy Eo (Joule) x number of beam particles N5, which is equal to the beam charge

divided by e or Q (C) le (Clpafücle) or just:

U¡:Eo(eV)/exQ(C)"

For the dose rate calculated in the forward direction, the E-M shower has a more intense higher
energy core that increases faster than linearly with the En due to conservation of momentum. At 0o a
good representation is that the dose equivalent factors Fi increase linearly with particle energy. The
oonstancy of the F¡ cail be restored, by scaling the F¡'s by the particle energy liEo in the appropriate
units (e.g. eV) and then modifying Eq. I for different particle energy beam by including Eo in the first
bracketed term (J * Eo / R2). For angles between 0" and 90o the dose rate or exposure dose scaling
with Eo is more complicated, but will vary from Eo2 at 0" to Eo at 90" (transverse direction). A
conservative approach would be to use the transverse linear dependence on Eo. This means that dose
rates or exposure dose will scale down at least as Eo for a hxed beam current or stored charge.

The FLUKA [6] calculated dose rates are more accurate since they include: the fuli target and
shield wall geometry, changes in attenuation length L¡ with component particle energy, radiation
component generation (changes in flux) in the shielding and the full angular dêpendence relative to the
beam direction. All reportecl FLUKA estimated dose rates for the SR t5l were calculated for 3 GeV
particle energy and 15 nC/sec beam loss rate. These could be scaled u. Eo2 at 0o (forward ratchet wall
dose) or Eo for the transverse shield wall dose. Local dose exposure (mrem) for a beam dump can be
calculated lrom the FLUKA dose rates (rnrenr/h for 15 nC/s) by scale the beam charge lost and
correcting the disparate in time units. The dose exposure D, resulting from a.500 mA 3 GeV beam loss,
at the same location used by FLUI(A to calculate a dose rate value D' (mrem/h for i5nC/sec loss), can
be obtained simply by <lividing D' by 4^i h-'. Similariy the exposure dose levels for other energiós can
aiso be estimated by scaiing by Eo or Eo2,

The maximum FLUKA calculated surface dose rate for a beam fault (miss-steered 3 GeV beam
loss rate at l5nC/s hitting the G6-DSS) condition was -l300mrem/h total and -200mrem/h total neutron
dose rate at a Long ID doorway Krack for a beam line with components installed only to the photon
shutter (i.c. no Bremsstrahlung shields or safety shutters installed)171. The measured CellOStD (beam
line completed only to photon shutter) Phase 3 Fault Study maximum dose rates scaled to l5nC/s and
total neutron dose rate was l35Omrem/h total and 27}mremlh for neutron component, with a factor of
-4X reduction of these rates at 30cm from the Krack surface [7], in good aggeement with the FLUKA
estimated dose rate. Although this fault condition would have tripped both high and low ARM interlocks
(at the l5nC/s loss rate), a beam loss rate of l.SnC/s would not have tripped either level of the ARM
interlock and the l35mrem/h surface and 34mrem/h at 30cm dose rate would have continued until
operator intervention terminated the injected beam. From the scaling mentioned above, a single 500m4
3 GeV stored beam dump hitting one G6-DSS, the exposure dose at the surface of the door Krack would
be 33mrem and at 30cm 8.2mrem. Once the stored beam energy is lost the dose rate drops to zero and
would require a significant operator effort to restart injection and the radiation risk. Assuming the ARMs
handle the instantaneous high dose rate of the dump in a linear response, the high level alarm (>
Smrem/h) would have tripped requiring even more operator and RCT actions to restart injection
(radiation risk) into the SR.
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ll. Radiation Risk of lnjected Beam Loss
Injection of beam power Ps into any synchrotron is always of concern, sincc without stored

beam being present the beam trajectory may not have a closed orbit (a requirement to accumulate stored
beam charge) and may even not be within the vacuum chamber and will then be a beam loss point in the
tunnel. The beam of particles isn't a beam after it hits the first solid material, but becomes an E-M
shower that requires codes like FLUKA in order to propagate. The point at which the beam is miss-
steered (lost) outside the vacuum chamber becomes a loss point that needs to be evaluated for the

radiation risk it could cause. The radiation risk is directly related to the total P5 that could be lost at any
one or several locations. For the sarne loss point and beam angle the resulting dose could scale either as

Eo2 o, Eo as described above. However with changes in Eo, the beam will be miss-steered over different
angular ranges since the bend angle from a magnet (with magnetic field B) will scale as: @ = B lEo.
The local shielding was provided [5] for the most likely miss-steered beam locations assuming 3 GeV
beam was being transported from the booster, within the limits of the magnetic fields possible from
either the power supplies or limited by a credited PPS limit on the magnetic current from the power
supply.

Despite this limited range of dose rate estimates, the SR local shielding design, e.g, Dipole
Shadow Shields (DSS), (a credited radiation safety system) has several built-in safety features. Most
importantly is the requirement that all beam transport and SR dipole magnets have a credited control on
their bending polarity. This insures that the risk to the SR experimental floor (SR-EF) is not
underestimated for lower energies when electron beam could be bent beyond the installed local shields.
With this dipole polarity assurance, the worst case miss-steering risk to the SR-EF from the dipoles is
the "dipole off' case. This loss location can only be after the first dipole. This case has been studied

with FLUKA for 3 GeV beam, and the results could be scaled for any Eo.This is because zero field
corresponds to zero bend angle for all Eo and the location is fixed, since beam cannot propagate past
the first G4-DSS. If the fîrst dipole after injection has enough fietd to propagate the beam to the 2nd

dipole aperture, it and all subsequent dipoles will similarly bend the beam inward, since all dipoles are

in series and guaranteed to be powered with the correct polarity by the polarity check procedure. The
G4 and G6-DSS shields were designed to shield the SR-EF for the maximum possible miss-steering
angles that could exit the dipole vacuum chamber, within the beam parameters allowed by the PPS

interlock.
The second feature in the SR local shielding design requirement is a PPS interlocked energy

window on the transported beam using the current in the BS-81&82 transport line dipoles equivalent to
3GeV + 5o/o and the SR dipole current of 3 GeV + 20 . Despite this energy interlock there is an unlikely,
but possibility that a2 to 3.15 GeV beam could be transported with a poor efficiency (low current) into
the SR injection region. Therefore the maximum miss-steering angle analysis for injection into the SR

included this energy range and the FLUKA analysis looked at these maximum angles, but for Eo :3
GeV. This will insure that the worst case radiation dose rates have been estimated for the SR-EF and

that other beam energies could be estimated by using the appropriate power of Eo. [n addition, radiation
fault studies have now been run which could similarly be scaled to other energies. The highest dose rate
measured has been at the downstream edge of the sliding ID door Kracks (see above). These dose rates
have been shown to be in excellent agreement with the FLUKA calculations for beam hitting the G6-
DSS shield after the 2nd dipole in the SR cell [7]. This places the beam loss angle to the Krack about 45",

making the dose rate scaling with a power of Eo between I anrJ 2 (conservative woulcl be to use 1 for
lower and 2 for higher Eo ).
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However the risk of lower Eo injection operations to the inner shield walls (ISA, service and RF
building) and the mezzanine would have to be evaluated. These areas haven't been well measured
during fault studies, since emphasis has been on getting beam lines operational and these areas could
have more restricted access during injections. The NSLS-II ROASE states in section 2.1.3.5 ,,The
minimum electron energy transported to the storage ring shall be equal to or greater than 2.0
GeV" [8]. This lower energy limit disagrees with the PPS limits of 3 GeV + 5% oÃrhe BS-B I &82
magnets, which would prevent efficient injection below a2.85 GeV beam energy. Changes to that ppS
limit, would require a re-analysis of the transport line and injection componentãiss-stee-ring for lower
particle energy to insure the shields have adequate coverage. However no suggestion to chãnge either
limit is being proposed and all beam injcctions would continue to be at 3 GeV, within the ppS
dÍpole energy selcction windorv.

lll. Radiation Risk of Stored Beam Loss
'TrL^ -^l:^al^-^ .-:-!- Ir rrç raurauull llsK allalysrs ror storeo oeam operatlons ls slmpler In two respects: l) the existence

of stored beam insures that the magnets are within tight tolerances of the values which insure a closed
orbit is inside the SR vacuum chamber (SR-VC) and2) the stored beam energy and therefore the energy
loss, fJu, is fixed and f,rnite (as opposed to infinite for the case of continuous injection beam loss) . For
most synchrotrons having a closed orbit inside the SR-VC requires magnets to be typically set to within
several percent of the design values for dipoles and quadrupoles and the sextupotes only impact the
lifetime value for the stored beam current. NSLS-ll is unique compared to NSLS-I and other
accelerators, in that the accelerator is highly non-linear, which means the poìential well that allows
current to be stored in a bunch has a small stable region not defined by the SR-VC aperture but smaller
than that aperture. Therefore in order to have beam current stored long enough to measure on a DCCT
the SR requires quadmpole fields tolerances to be few 0.lYo and sextupoles to be a few yoof design
values. This also means that beam losses from the stable potential well don't directly hit the SR-Võ
aperture but propagate on non-linear trajectories to the material apertures defined by the SR-VC walls,
ID gaps or the photon absorber apertures oç the variable scrapers. The important point is once
injection has filled the ring to an allowed beam c¡.lrrent and is turned off; the presence of stored
beam insures tight tolerances on the magnetic fields and RF parameters of thð ring, as well as
limiting the stored beam energy that could be lost consequently limÍting the resulting radiation
dose

The radiation risk from stored beam current can be divided into two components: (1) stable beam
lifetime beam losses and (2) unstable beam dumps or trips (PPS interlock, RF trþs, magnetic field
changes or instability losses). They both result in stored beam current losses (eitlier total or partial loss)
but they differ in the rate of loss typically a few second or less for (2) and lifetime current dãcay of
minutes to hours for (1). In either case a beam current loss will almost ncver occur at one location but
will be distributed over many cells of the ring. This is due to the bunches making 378K revolution pei
secottd attd uttdergoil'g32-66 [rallsverse oscillation peaks around the ring for eaõh revolution. gven it
the PPS induces an RF trip or the RF trips off on its own, the beam particle energy will decrease (due to
synchrotron radiation losses) over l0's of milliseconds until the beam starts hitting the dispersion region
vacuum chamber aperture in the 30 cells or ID gap apertures, reducing the radiation exposure at any one
location by factors > 30X as compared to a total beam loss at that locãtion. Some instabilities coulá be
slightly faster but would still last many turns over which to distribute the beam losses. Similarly, with
orbit feedback on, the corrector magnets may attempt to miss-steer beam but they will take seVâral to
many milliseconds to move the beam to an aperture while undergoing many oscillations around thc ring,
dispersing the beam losscs. The important poÍnt is that stored beam losses almost always are
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distributed losses over many locations reducing the radiatÍon exposure risk by large factors as
compared to injectÍon beam miss-steering losses.

The one beam loss scenario that does not result in the distributed loss location is the scraper-
induced beam loss which will be at one or a few locations (i.e. one or more of the 5 scraper in the
heavily shielded injection region) when the scrapers are inserted [6]. This is by design and is part of the
Loss Control and Monitoring system (LCM) that was proposed to limit the beam loss for high current
operations to the more heavily shielded injection region of the SR tunnel, where they are located. The
scrapers also have associated beam loss monitors that will verify what fraction of the stored beam
current loss actually hit the scraper and therefore beam lost in the injection region. The inner two
dispersion region horizontal scrapers Hscraperl and 2 will control this loss for both components if they
are inserted to an aperture limit that is closer to the beam orbit than any other aperture of the ring. These
scraper locations also have additional local shielding [6] to allow a higher rate continuous beam loss at
these locations. The particles that pass through the scrapcr (lower energy) are bent inward inside the
subsequent dipole inducing the radiation shower in the massive iron yoke of the dipole and atangles
away from the SR-EF. The radiation levels outside the tunnel for injection beam hitting the scrapers has
been calculatcd with FLUKA [5] and measured during fault studies. Although FLUKA estimated dose
level of < 2 mremlh at the beam loss rate that the fault studies were run, the measurements showed little
dose above background. However these measurements are suspect, since the scrapers may not have besn
inserled sufficiently to intercept the beam or the measurements were not made downstream of the loss
point, missing the peak of the dose distribution (clearly the case for at least one measurement set).
Despite these discrepancies the FLUKA calculations showed that the dose exposures are less than
lmrem per 500m4 on the SR-EF beam loss hitting a scraper and < 2mrem on the mezzanine.

All these estimated or measured radiation levels will decrease at least as Eo, since the beam
current would be limited to the 500m4 by the 3 GeV injection energy limit. In fact increasing Eo should
also pose no added radiation risk as long as the total stored beam energy U¡ is reduced as Eo increases.

The process of reducing Eo in the SR is quite simple in principle and entails ramping down the
dipole field. As the energy is lowered the quadrupoles, sextupoles and correctors must also track this
change by lowering their field proportional to Eo. It could take several attempts to track these f,relds

accurately enough with Eo to not dump the beam, This ramp generation machine study will be done at
low beam current reducing the exposure dose of a dump. The ramping down and then restoring magnetic
fields of the ring to accept another injection after a beam dump will takes considerable time, lowering
thc average beam power loss well below the level of a constant 3 GeV injection beam loss. This loss, of
course, has already been shielded and verified for normal injection losses. Therefore lowering the
beam energy through down-ramping poscs much lower potential radiation risks, then those that
are already shielded for at 3 GeV operations.

lV. Gonclusion and Recommendation for ROASE
The NSLS-II ROASE (section 2.1.3.4) states that: ó6the minimum stored electron energy

shall not be less than 2.8 GeV." From the previous discussion of the radiation risk associated with
lower energy stored beam , this limit for stored beam particle energy is not warranted since lower stored
energy represents lower radiation risk, not increased. The total stored beam energy, IJ¡, will be limited
to the maximum current allowed at the 3 GeV injection energy, while ramping down the particle energy
reduces the stored beam energy as Eo. Beam lifetime will decrease at lower particle energies as
compared to 3 GeV lifetime, but this will have little impact since the ra<liation per particle lost will also
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decrease. Also lower lifetimes have also been generated during 3GeV operations as higher bunch
currents and more nonlinear lattices are studied and thcy have been measured to impose no added
radiation risk. The SR is not expected to run at energies below 3 GeV for long periods initially. Once the
down ramp is perfected, lower energy runs for studies and users operation could be scheduled as needed
with no increase in exposure dose to the SR.

In order to better understand and hence improve the SR operations at 3 GeV operations with high
beam currents, important studies are needed at lower energies whcre these high current effects have
greater imp-act. Since the synchrotron radiation power per electron decreases as Eo4, the damping
rate as Eo3 and the emittance as Eo2, this will allow for better understanding of these radiation
effects on the higli current rel¿tcd issues. For exarnple the beam impedances (source of instabilities) are
independent of Eo and the voltage generated depend only on the charge in the bunch or total current.
These voltages will have a bigger impact on the instability of the beam at lower Eo since the beam is
less rigid and the damping reduced. In addition the soft X-ray and VUV users will benefit from thc
lower emittance beam with less higher energy X-ray power to contend with. These beam properties
might actually lead to special user request periods for lower energy operations. Therefore this ASE
lower limit on storcd particle energy represents a major limitation to the scientifïc potential of the
NSLS-il SR. From the radiation risks point of vÍew this lower €nergy is not warranted.

The rccommendation is that no lower limit should be specifïed in the NSLS-il ROASE for
stored beam operatÍons. This is in agreement with the other DOE-funded synchrotron light sources
(SSRL, ALS, and APS) which do not have an ASE limit for the minimum stored particle energy.

No change is suggested for the injcctÍon en€rgy lower timit in the NSLS-II ROSAE. This
will insure that all stored beam running at lower energy will be done by injecting at 3 GeV (subject to
current limits at that energy) and then ramped down to the desired energy. When beam has dumped or a
refill is necessary, this will require the ring particle energy to be ramped up to 3 GeV for re-injection.
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Iune22,2015

To: Bob Lee, PS-ESHQ Manager
From: Stephen Kramer, Chairman Local Shielding Design Coordìnating Group

and,Z. Xia, PS- ESHQ

Subject: Removal of the NSLS-II ROASE stored beam lower energy limit

This letter is to inform you that the LSDCG has reviewed the radiation risks of stored
beam energy limits for the NSLS-I storage ring and find that the lower stored beam energy
limit of the ROASE is not warranted from the radiation dsk point of view. The injection energy
limit of the PPS, was used as the basis for the radiation risk assessment for the Supplemental
Shielding Design Document (SSDD) LT-C-ASD-RSI-SR-001 and limited the injection energy
to 3 GeV. The stored current will be limited to the administrative operational value for 3 GeV,
relevant at the time (5 500m4, L32pC). This current limit will always be less than the value
specified in Section 2.1.3.1of the PS-C-ESH-ROASE. After the current is stored the injection
system will be tumed off, then thc SR dipoles and other magnets can be safely ramped down to
lower particle energy maintaining the stored beam current at the injection value or small losses
during the ramp. Several studies will be required to develop a down ramp with sufficient
correlation between the field settings of these magnets to maintain the stored current without
losing any significant fraction. These studies will be done at low currents and therefore reduced
radiation risk when beam is lost. Once the ramps are developed, the radiation risk at these
lower energies will be reduced since the total stored beam energy will be reduced proportional
with the particle energy for a constant beam current. The potential radiation exposures outside
the SR tunnel, should the beam be lost, will decrease with the decreasing particle energy. The
reduction along the transverse tunnel walls and mezzanine will decrease linearly with energy
and will dccrcase as the square of the energy to the ratchct wall hutches. Therefore even if
beam is lost at these lower energies less radiation exposure dose will occur as compared to 3
GeV energy beam loss.

Once bcam is lost at the lower energy the SR magnets will have to be ramped up to their
3 GeV values in order to inject current into the ring. The PPS will prohibit injection gun turn-
on unless both the BST magnets and the ring dipoles are at their 3 GeV values. This down and
up ramp will reduces the time during which the injection losses can occur compared to
injection losses for 3 GeV operations. Since the injection losses represent the major radiation
risk outside the SR tunnel, the net reduction in total exposure dose will be reduced during
periods of lower energy stored beam operations.

Therefore the LSDCG can confidently recommend that the lower stored beam energy
operations limit should be eliminated altogether, since it represents lower radiation exposure
risk outside the SR tunnel. This change is in agreement with the ASE limits on stored beam
enorgy at thc other DOE light sources; APS, ALS, SSRL-SPEAR3, which similarly have no
lower stored beam energy limit. More details on the LSDCG review are given in Tech Note
I 78.

CC: F. Willeke, T. Shaftan, V. Smalyuk, E. Blum, B. Podobedov



àl"b
National Synchrotron Light Source

NATIO L LABORATORY

Buildin0 743, Nat¡onal Synchrotron Light Source
Brookhaven National Laboratory

Upton, NY 11973-5000
Phone 631 344-2117

Fax 63'1 344-3238
zhong@bnl.gov

meneged by Brookheven Science Assoclatðs
for the U.S. Departmont of Energy

Memo
Date: October 19,2015
To: Steven Moss, Robert Lee, Boris Podobedov, and Ferdinand Willeke
From: ZhongZhong(chair), Photon Science Radiation Safety Committee
Subject: Review of the proposed elimination of NSLS-ll ASE stored beam lower energy limit
for storage ring

Dear Mr. Moss,

On Tuesday October 13,2015, the Photon Science Radiation Safety Committee (RSC) reviewed
your USI (Un-reviewed Safety Issue) evaluation form NSLS-lI_EVAL-2015-004 regarding
elimination of the stored beam lower energy limit for storage ring from the NSLS-Il ASE.

Written documents
The following documents were submitted to the RSC for review:

l. USI (Un-reviewed Safety lssue) evaluation form NSLS-ll EVAL-2015-004 regarding
elimination of the storedbeam iower en".gy limit for storage ring from the NSLS-lt -

ASE.
2. Powerpoint presentation "Why it is Safe (and Useful) to Perform NSLS-ll Ramp-down

Studies below 2.8 GeV", by Boris Podobedov, dated October 13,2015.

Presentation
Attendance: Andrew Ackerman, Mo Benmerrouche, Andy Broadbent, Mark Breitfeller, Mary
Carlucci-Dayton, Edward Cheswick, Steve Kramer, Robert Lee, Wah-Keat Lee, Steve Moss,
Boris Podobedov, Howard Robinson, Chuck Schaefer, Chris Stelmach, Ray Fliller (via e-mail
comments), Emil Zitvogel, and Zhong Zhong

Boris Podobedov gave the presentation entitled "Why it is Safe (and Useful) to Perform NSLS-ll
Ramp-down Studies below 2.8 CeV'', dated October 13,2015. In essence, this proposed change
to ASE would allow the storage ring to operate at lower than the designed 2.8 CeV energy.

The reason for operating the storage ring at lower than 2.8 GeV is to experiment with the concept
of achieving higher photon beam brightness at lower ring energy - experimental verification of
which would allow the NSLS-ll to stay at the fore-front of the current world-wide trend towards
higher brightness, for example, via MBA lattice.

Results of radiation studied were presented showing no additional risks operating the storage
ring at lower than the design energy. Specifically, in case of accidental beam dump, the dose
expected outside of the shield-wall is proportional to E and E' for transverse and longitudinal
directions, respectively. Thus operating at lower energy (E) reduces the radiation exposure risk.



It was also noted that the other DOE-operated light sources do not have lower limit on their
storage ring energies.

Notes:
The following are noted here for completeness

I . The impact of lower storage-ring energy on the beam excursion and photon-beam
divergence of wigglers is discussed.

2. We note that lowering the injected beam energy is not in the current scope of change.
We further note that lowering the injected beam poses possible additional hazard that
may require more radiation shielding to deal with the relatively larger mis-steering at
lower energy. Current PPS system limits the lowest possible beam energy that can be
injcctcd into the storage ring. Current proposal is to iriject at 2.8 GeV and duwn-rarrrp irr
the storage-ring.

3. We note that top-off operation will be pree lueleel by lower beam energy

Recommendations

Based on our study of the presented material, we believe that there is no additional hazard from
lowering the stored beam energy to arbitrarily low values. Therefore we recommend proceeding
with the LESHC review and DOE approvalof the proposed change to ASE.

Radiation Safety Committee
Name Expertise
Andrew Ackerman Deputy ESH Manager
Dana Beavis ExperimentalNuclear Particle Physics
Mohamed Benmerrouche Nuclear ancl Radiation Physics
Scott Buda Personnel Protective Systems
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Operator has reset the interlock. Control Room procedures provide guidance to 
the Operator for responding to equipment trips and systems alarm. 

3.3.3.10 Top Off Operation 
The traditional way of operating a storage ring based light source is in the “decay 
mode”. In the “decay mode”, beam is injected into the storage ring with frontend 
safety shutters closed. Neither x-rays nor injected beam can enter the user 
beamlines during injection. Once injection is completed, the stored beam current 
begins to decay due to beam loss from Touschek scattering, collision with 
residual gas, etc. The radiation flux and brightness are changing with stored 
beam current, as is the heat load on beamline optics which impacts the quality of 
experimental data.   
Top–Off mode refers to injecting into the Storage Ring with the beamline photon 
and safety shutters open to maintain a near–constant stored beam current in the 
ring. The frequent injection of electron beam into the Storage Ring maintains the 
stored beam current at a near constant level. This provides for the stable 
operation of the accelerator and user beamlines without interrupting user 
experiments. Because stored beam intensity is maintained at a quasi-constant 
level and the shutters are continuously open, the x-ray flux to experiments and 
heat load on beamline optics are kept extremely stable, which is highly preferred 
by users. This mode of operations is supported by the design of the injection 
systems in most modern electron synchrotrons such as the Advanced Light 
Source, Advanced Photon Source, and Stanford Synchrotron Radiation 
Lightsource. 
The NSLS-II large design beam current of 500 mA and the low emittances imply 
large Touschek scattering rates which limit beam lifetime to approximately 3 
hours. This short lifetime requires electron injection of 8 nC every minute to 
maintain beam intensity within the specified limits. The injection system is 
designed to provide a maximum capability of delivering up to 15 nC per booster 
cycle.   
Injection with open safety shutters introduces a special radiological risk caused 
by injected 3 GeV electrons which could enter the experimental floor via the open 
shutters during injection. This would cause unacceptably high radiation doses on 
the experimental floor, as discussed in Section 4.15.10 – Radiological Hazards 
Associated with Top Off Operations. To guarantee the safety of Top-Off injection, 
one must assure that, for all possible fault conditions, all errant injected particles 
are lost before a safe point within the Storage Ring tunnel. At NSLS-II, each 
beamline will have a designated safe point beyond which no injected beam can 
be allowed to pass through all physical apertures and enter the First Optics 
Enclosure (FOE).  
The safety of Top-Off injections has been extensively studied and reviewed by 
panels of experts from across the DOE community.  Particle tracking analysis 
has been performed to assure that injected electrons cannot pass the safe point 
and several interlocks will be used to ensure that top off injections only occur 
when the stored beam is stable.  These interlocks include stored beam current, 
dipole current and voltage, injected beam energy and injection current.  A 
description of each of these interlocks is provided in Section 4.15.10.   
Top–Off operation is now part of the scope of this document. During a fill of the 
Storage Ring from zero current, the Top Off Safety System (TOSS), would not 
permit electron injections to be made with front end safety shutters open at 
currents < 50 mA. Injection with the safety shutter open at currents < 50 mA will 
trigger the USI process and will require additional review and approval beyond 






































































































































































































































	Untitled

