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Fermi National Accelerator Laboratory

Michael Lindgren

M e m 0 ra n d u m Division Head

Accelerator Divislon

P.O. Box 500, MS 306

Kirk Road and Pine Street
Batavla, llinois 60510-5011

Office: 630.840.8409

Date: November 1, 2019

To: Todd Sullivan

From:  Michael Lindgren (. Cga.,/@ %, WrMJMCJJM
Re: Approval for Running Beam to MI/Recycler

Safety documentation and procedures for restart of MI/Recycler are now complete and

in place. Therefore, you are hereby authorized to run beam to the MI/Recycler.

cci  D. Capista
N. Chelidze
M. Convery
P. Czarapata
T. Kobilarcik
S. McGimpsey
D. Morris
M. Schoell
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REV. 8
SYSTEM START-UP SIGN-OFF

The signatures below, unless noted in the comments section, indicate that the relevant systems are ready for the
restart of beam operation. Indicate in the comments section any remaining work that would affect the restart of beam
operations. Indicate N/A for departments that did not do any work on the system.

SYSTEM BEING SIGNED OFF: Linac NIF MTA Booster [8-GeV Line-MI-10 Region]
(Circle as Applicable) MI-20-Mi-62/RecycleryBNB NuMI P1-P2 Muon P3-Switchyard
Meson Primary MIT MC NM FAST PIP-II

DEPARTMENT DATE SIGNATU (Department Head/Designee)
1. Controls q Q{Nm%%\
2. Cryogenics U /A k&/) Fd 4
3. E/E Support .30 Q-P\ﬁ Mﬂ
&
4. RPO Manager /1) 2014
5.L80 M/
6. External Beamlines /0/3’/20""’7’ PW
7. Instrumentation /0//8/20 /7 .6—; /
8. Interlocks \ ]\ \\\Ck M WAL ZJ\L{ O
9. Main Injector lo /31/!’4 Q'Mf,[ é,d;%
10. Mechanical Support ro/Sf I‘zaﬂ WW "Y E{;}-«m
11. Muon W/ A T
12. Operations “ I({’ \[19 7#% i
13. Proton Source P/ -~ o
14. RF _Lala_j}_ At | W
15. ENG Support e //5’ UZ,._.QC’.— sapits
16. Target Systems t\j /A e -

3 / /
17. Shutdown Coordinator /0411 éi é/{f/-\\__r

Comments and special conditions (please mark comment with department # to connect comment with appropriate department):

N =y - [~ g .

e st
ity

The wm&_r@m&,_ radlatlon shielding meets the reqwrements documented in the

P Sa TFAL, shielding assessment.
= q"‘fx s0'7 ﬁwnw/ﬂ'&

FINAL APPROVALS
System Department Head ﬁ)ﬂu&‘g_ﬂ 2 Date ///I /1 9

Assigned RSO mf—lﬁ Date _[/7Z/7ZL?_
AD Division Head Zﬂ%@ﬁ W Date {1 /¢ 719
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BEAM PERMIT
11/1/2019

Main Injector Accelerator Safety Envelope (ASE) Limit

The maximum beam intensity transmitted through the Main Injector Beamline is limited to:
7.45 x 10Y7 protons/ hr at 8 GeV

7.45 x 10V protons/ hr at 120 GeV

6.23 x 10Y7 protons/hr at 150 GeV

No accelerator or beam line will transmit beam without an operational beam interlock safety system.

Main Injector Beamline Operating Limits
The maximum beam intensity transmitted through the Main Injector Beamline is limited to:

2.93 x 10%7 protons per hour at 8 GeV
2.93 x 10Y7 protons per hour at 120 GeV
2.34 x 10%7 protons per hour at 150 GeV

Examples:

#1 1,200 pulses per hour at 2.44 x 1014 protons per pulse = 2.93 x 107 protons per hour at 8 GeV
#2 2,700 pulses per hour at 1.08 x 10 protons per pulse = 2.93 x 1017 protons per hour at 120 GeV
#3 2,400 pulses per hour at 9.75 x 1013 protons per pulse = 2.34 x 107 protons per hour at 150 GeV

Special conditions and comments:

Reviewed by Z—-ﬂé’/ /é‘% ///0//;"? o

Operations Department | ead

Reviewed by ‘9&1 cf,(g ﬁca.x),{ Ny /.’ // g9

Systems !)t,p artment Head

(0 o 109 o

Assipned If S0°

Reviewed by | -S w& H/]/?O

Reviewed by

ESH&Q)Radiation Physics Operations I)-. purtment 'Head

Approved by @ng %@;@Z’( /mﬁ%;q/L/ZMQ -

Accclerator Division
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Operator Signatures

Crew Chiefs Crew A
Crew B Crew C
Crew D Crew E

Other




Mode of Operation  Fyll Operation

Beam Limits Beam Energy ASE Limit Operating Limit ’
8 GeV* 7.45 E17 protons/hr 2.93 E17 protons/hr
120 GeV 7.45 E17 protons/hr 2.93 E17 protons/hr
150 GeV** 6.23 E17 protons/hr 2.34 E17 protons/hr I

* Although energy scaling of 8 GeV intensity could be substantially higher, there is no need for higher intensity at 8 GeV
and the limit is chosen to match the 120 GeV intensity limit,
*#* 150 GeV beam operation is for MI studies only. Beam aborted to MI-40 Abort.

Critical Devices I.LLAM10 & I:BS10 ) i

Coasting beam critical devices are :BV619 & I:BV622 which are open to achieve coasting beam

Enclosures Protected MI-20--MI-62, TeV F Sector, MI/TeV Crossovers, MI-31 Stub

Preferred Intensity is monitored via :TOR852 via $10 for Booster to MI, and R:TOR905 via $F3 for RR to ML
Monitoring Devices* Minimize the MI-40 abort Lambertson losses by monitoring via the acknowledgeable alarm.,

*Qther methods of monitoring intensity may be used.

Requirements
Access Devices L:LAMI10 and I:BS10 must be disabled in order to access the enclosures protected. Access is also dependent on
Recycler critical devices. : cerrcns - oames - se §

Cool Off Period none n l

i

Special Interlocks ~ The CDC Inputs including failure mode devices may all be found on the Safety System Status pages.

Special Concerns Any work performed on critical devices or obtaining a critical device key requires prior RSO approval.
Access to MI-40 Absorber room requires prior RSO approval. RCTs may obtain MI-40 Absorber room key

n without prior RSO approval.
Gates, Fencing and  There is no access to radiologically fenced areas without prior RSO approval.
Passive Shielding *
Requirements The A150 & P150 ODH barrier gates have been locked in the open position since the shielding physically

provides the barrier and isolates the Tevatron from the Main Injector. Shielding, fencing and posting is in
accordance with 2018 "Main Injector 1500 kW incremental shielding assessment."

Assigned RSO approval also signifies that all necessary Interlock Tests bave been completed and Removable Shielding is installed.

hy'5s ' ’ A
£ps. Dept. Head Approval &a&d_@?@:ﬂ’; 1 fil i Assigned RSO Approval
s /4
Dl:‘pl Head Approvnl 2’4/ ”/’ ’/ﬁ ADHead Apprnval L

| T ] Bl += ST ST

Page 1 of 4 R -




| 2% Fermilab

Operational Comments |

MCR must be appropriately staffed according to the Accelerator Safety Envelope.
Defense-in-Depth Controls

The Main Injector and Recycler rings utilize defense-in-depth controls to reduce the probability, duration, and likelihood of beam loss
accident conditions. These consist of Beam Loss Monitors, Vacuum Interlocks and Power Supply Regulation and Permit Interlocks
connected to the Beam Permit System, LCW radiation monitors, Beam Switch Sum Box (BSSB), Time Line Generator (TLG), Main
Injector/Recycler Transfer Permit, Main Injector/Recycler Orbit Controls and software Alarms and Limits.

The Beam Permit System, Beam Switch Sum Box (BSSB), Time Line Generator (TLG), Main Injector/Recycler Transfer Permit and
the LCW Chipmunk Detectors are required to be operational when the Main Injector or Recycler rings are transporting or accelerating
beam.

Individual imputs to the beam permit system from the Beam Loss Monitors, Vacuum Interlocks and Power Supply Regulation and .
Permit Interlock may be masked on an as needed basis under the direction of the MI Department. Any inputs masked from these three

systems and any administrative controls directed by the MI Department are required to be logged in the MCR E-log.

PapeZ nf‘jlﬁ=
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Instrument Information

Interlocked detectors (i.e., Chipmunk, FOX, Scarecrow, TLM, clc.) in "Integrate™ mode that trip will not allow a safely system reset
until sufficient time has passed to keep the hom ly dose rate equal to or below the trip point setting. Interlocked detectors in "Integrate”
mode that trip may be reset as the salety system allows. If there are more than ten trips by an interlocked detector in "Integrate” mode
in onc hour, RSO approval is required before reset.

MUX  Type Location ~QF R/l Mode Trip Level cnc Device(s) Tripped
1-136 | Chipmunk  IMI-10 SB L.CW 1 Integrate 2.5 mrem/br LMICRD LAMIO & [:1BS10
=16 I mvhe U EMICRLE
1-169 | Chipmunk _[MI-30 SB LCW 4 C L Integrate 2.5 mren/l LMICRD LAMIO & [BS10
186 Ml ' " : 5 mrem/r. | LMICRD ;
_1-192 | Ch _IMI-S0 SBLCW b bl ntegrate RS meem/br ) LMICRD LAMIO & I:BS10
| 1-200°|  Chipmunk ' _ car .5 mrc 1. EMICRD ]
1-216 Chipr < [MI-62 SB LCW ' Inicgrate 2.5 mrem/hr . I:MICRD JLAMIO & [[BS10
1-209 Chipmunk  [MI-60 S Room 110 LCW Pens RF Gal § Integrale [5-mre L:MICRID LAMLO & 1:13S10
-
=210 i B
1211 | Chi . IMI-60 N Room 118 LCW Pent S corate 150 :MICRD SLAMID & 11310
1212 ; :MICRD.

PR T ¥
il B =)

i I | L)

_—

Nolte: ()l nnly muludul lor chipmmunks
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Operator Signatures
Crew Chiefs Crew A

Crew B Crew C

Crew D - - Crew E

Other

I
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BEAM PERMIT
11/1/2019

Recycler Accelerator Safety Envelope (ASE) Limit

The maximum beam intensity transmitted through the Recyclet Beamline is limited to:
1.27 x 10" protons/hr at 8 GeV

No accelerator or beam line will transmit beam without an operational beam interlock safety system.
Recycler Beamline Operating Limits
The maximum beam intensity transmitted through the Recycler Beamline is limited to:

2.25 x 10Y protons per hour at 8 GeV

Examples: Charge/hr = number of pulses/hr x number of protons/pulse
#1 1,440 pulses per hour at 1.56 x 104 protons per pulse = 2.25 x 10" protons per hour.

#2 720 pulses per hour at 3.13 x 10 protons per pulse = 2.25 x 107 protons per hour.

Special conditions and comments:

Reviewed by e M, 2/0))5

Operations Department Head

Reviewed hy‘MMJ [ !/ ///9
Systems ﬁupamncm Head
Reviewed bym w /o J28
/ '\‘{‘ii{}\‘d HSO

Reviewed by ]\}\ MHW Sd%c,f//( ”/ )/LO' 4

1S Radiation P !v\m Operations ['Jq:;l’rllmnl Head

-} 7 .
Appwoved by [ C Gaafil) o il Lo /1 10012
“ Accelerator Di{Aion Head
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Operator Signatures

Crew Chiefs

Crew A
Crew B Crew C
Crew D Crew E

Other
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Mode of Operation Transferred Beams

Beam Limits Beam Energy ASE Limit Operating Limit
8 GeV 1.27 E18 protons/hr 2.25 E17 protons/hr

Critical Devices R:LAM10 & R:BS10

Coasting beam critical devices are CBV621A & CBV621B which are open to achieve coasting beam
Enclosures Protected MI-20--MI-62, TeV F Sector, MI/TeV Crossovers, MI-31 Stub

Preferred Intensity is monitored via R:TOR853 on the $BE event
Monitoring Devices*
*QOther methods of monitoring mtens1ty may be used.
Requirements
Access Devices R:LAM10 and R:BS10 must be disabled in order to access the enclosures protected. Access is als.o.c.i.ependent
on Main Injector critical devices. s . tan. -
Cool Off Period none 2

Special Interlocks ~ The CDC Inputs including failure mode devices may all be found on the Safety System Status pages:

Special Concerns Any work performed on critical devices or obtaining a critical device key requires prior RSO approval.

Access to MI-40 Absorber room requires prior RSO approval. RCTs may obtain MI-40 Absorber room key
without prior RSO approval.

Gates, Fencing and There is no access to radiologically fenced areas without prior RSO approval.

Passive Shielding

Requirements The A150 & P150 ODH barrier gates have been locked in the open position since the shielding physically
provides the barrier and isolates the Tevatron from the Main Injector. Shielding, fencing and posting is in
accordance with 2012 "Recycler Ring incremental shielding assessment 2.25E17 protons/hr.

Assigned RSO approval also signifies that all necessary Interlock Tests have been completed and Removable Shielding is installed.

Ops. Dept. Head Approval . Z;é/ M /// a7, / /9 Assigned RSO Approval %C .
. 'ﬁ 4 2,

7 ‘
Sys. Dept, Head Approval Paried Coitat ”// //f} AD Head Apprnvalf __‘_-_é__‘_:_‘r 2
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Operational Comments ;

MCR must be appropriately staffed according to the Accelerator Safety Envelope. .

Defense-in-Depth Controls :

- The Main Injector and Recycler rings utilize defense-in-depth controls to reduce the probability, duration, and likelihood of beam loss i
i accident conditions. These consist of Beam Loss Monitors, Vacuum Interlocks and Power Supply Regulation and Permit Interlocks

| -connected to the Beam Permit System, LCW radiation monitors, Beam Switch Sum Box (BSSB), Time Line Generator (TLG), Main

4§ Injector/Recycler Transfer Permit, Main Injector/Recycler Orbit Controls and software Alarms and Limits.

- The Beam Permit System, Beam Switch Sum Box (BSSB), Time Line Generator (TLGj,:”Main Injéctor/Recycler Transfer Permit and
the LCW Chipmunk Detectors are required to be operational when the Main Injector or Recycler rings are transporting or accelerating
beam.

 Individual inputs to the beam permit system from the Beam Loss Monitors, Vacuum Interlocks and Power Supply Regulation and

Permit Interlock may be masked on an as needed basis under the direction of the MI Department. Any inputs masked from these three
systems and any administrative controls directed by the MI Department are required to be logged in the MCR E-log.

ADAR-L L0001
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Instrument Information

Interfocked detectors (i.c., Chipmunk, FOX, Scarecrow, TLM, cte.) in "Integrate” mode that trip will not allow a safety system resct
until sufficient time has passed to keep the hourly dose rale equal to or below the trip point setting. Interlocked detectors in "Integrate
mode that trip may be reset as the safety system allows. If there are more than ten trips by an interlocked detector in "Integrate” mode
in one hour, RSO approval is required before resct.

Location

; _psm Ml()&R'BS
""111'11_'_-' !l'. : ) ,
ale.

Note: QF only included for chipmmunks
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