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LCLS-Il Linear Accelerator Cool-Down And Pump-Down

Viswanath Ravindranath
LCLS-Il Process Group Leader

CEC-ICMC23

EEEEEEEEEEEE

i JE : TR, L\ E~1 A P~ NATIONAL Stanford ‘ ﬁs
“Meereev e 3§ Fermilab  Argonne & @BJ“LJMJ SLAL icamwe O ENERGY

AAAAAAAAAAAAAAAAAA



Outline

Overview
" Timeline: Cool-down and Pump-down

Cool-Down (4.5 K)
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Timeline: Cool-Down and Pump-Down
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Start Cryoplant |:>

« Compressor | >

* Purifier Cool-down #1 Repair

* Cryo-line 3 ,
Start He Circulation Failure
Cool-down #21
Preparation:

» Control Screens

* Procedures

* Bench Tests

» 2K CB Cool-down

Apr 29, 22

Pump-
down

Stable 2.0 K operation on Apr. 29t

OVERVIEW



Scope: 4K System SLAC S
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SHIELDS: 45K = Simultaneous cool-down of Cryoplant and LINAC

| INTERCEPT: 5 K | = Adequate cryoplant cooling capacity:
= Cavities flow: 100 g/s
[CAVITIES: 2K | - Shield flow: 100 g/s
= |ntercept: 30 g/s

= Cool-down time: 1 week

Cool-Down
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Scope: Cryomodules SLAC &

Cool-Down & JT Valves

— 2K Vapor Return (B)

v

¥»CD Valve %l JT Valve 3 bar Supply (A)

Lidldidldd

_________ Functon ___________________________|Quantity

CD Valves = Supplies helium to the bottom of the cryomodule 37

» Used for cryomodule cool-down

JT Valves = Supplies helium to the 2-phase pipe 37
= Used for maintaining cryomodule liquid level

Cavity Heaters Installed on cavity helium vessel

296

= Used for Pressure Regulation @ 2.0K

Cool-Down
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Cool-Down: Strategy - HMI Screens SLAC &

: REERTCMEL W AtEY-0h0e EREE x37 CM 01-EHCw-Cot || o1-EHov-cmoz || o1-encu-cmos || IR CTA O
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OVERVIEW

x37 CM

= HMI screen - allows simultaneous control and
monitoring of cryomodule valves and heaters

Pump-Down

Summary
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Cool-Down: Strategy - HMI Screens SLAC iy

TP22505 I TP22400 TP22201 TP22400 A ‘ SySte m P a ra m ete rS S p e C .

293.00 K 296.38 K 294.34 K

"""""""""" == Line-B Radial DT (within a cryomodule)  <25K

Line-B Long. DT (adjacent cryomodules) < 70K

[ =l Shield Long. DT (adjacent cryomodules) <70 K

Cryoplant Brazed Aluminum Heat Exchanger DT <50 K

TP22525

TOT22440L

0.37 K

Shield

HX-6 &9

TD22470

HX-10

HX-11 & 12

(T HX-5C

= HMI screens enable monitoring and rapid
identification of high DT during LINAC cool-down.

SUB-COOLER

Cool-Down



Cool-Down: Strategy - Automation SLAC &

Temperature K
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03-03-22 03-03-22 03-04-22 03-04-22 03-05-22 03-05-22 03-06-22 03-06-22 03-07-22 03-07-22

Turbine-3 Temp. Set Point
LINAC Supply Temp.
LINAC Return Temp.

Time

T1, T2 & T3 Cooldown Rate | 3.00 k/hr

4

= Cool-down rate - User Specified
= Cool-down Sequence is automated:

@ Turbine Temp. SP is ramped
down

@) Turbine Temp. SP is paused if
any DT reaches threshold value.

@) Turbine Ramp can be paused
for overnight operation

\ 4

T1, T2 & T3 TIC Ramp: On I Off l

Cool-Down
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Cool-Down: Result SLAL st

Individual CM Temperatures

Cool-Down
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T e
O | |
03/02 00:00 03/02 12:00 03/03 00:00 03/03 12:00 03/04 00:00 03/04 12:00 03/05 00:00 03/05 12:00 03/06 00:00 03/06 12:00 03/07 00:00 03/07 12:00 = 03/08 00:00 03/08 12:00
| | | |

== CTE:CM01:2503:B2.TEMP ®= CTE:CMO02:2503:B2.TEMP == CTE:CM03:2503:B2TEMP == CTE:CMO04:2503:B2:TEMP CTE:CMO05:2503:B2.TEMP == CTE:CMO06:2503:B2.TEMP == CTE:CMO07:2503:B2:TEMP CTE:CMO08:2503:B2"BEMP CTE:CM09:2503:B2.TEMP
(] (]

== CTE:CM10:2503:B2.TEMP : CTE:CM11:2503:B2.TEMP CTE:CM12:2503:B2:.TEMP CTE:CM13:2503:B2:TEMP CTE:CM14:2503:B2.TEMP CTE:CM15:2503:B2:.TEMP CTE:CM16:2503:B2:TEMP == CTE:CM17:2503282:'.EMF' == CTE:CM18:2503:B2.TEMP

|
1

.

== CTE:CM19:2503:BZ.TEMP Bm CTE:CM20:2503:B2TEMP == CTE:CM21:2503:BZ:TEMP == CTE:CM22:2503:B2.TEMP == CTE:CM23:2503:B2.TEMP == CTE:CM24:2503:B2:TEMP CTE:CM25:2503:B2:TEMP == CTE:CMZE:ZSOS:BZ:‘:EMP == CTE:CM27:2503:B2.TEMP
== CTE:CM28:2503:B2:TEMP CTE:CM29:2503:B2.TEMP CTE:CM30:2503:B2:TEMP CTE:CM31:2503:B2:TEMP CTE:CM32:2503:B2.TEMP == CTE:CM33:2503:B2.TEMP == CTE:CM34:2503:B2:TEMP == CTE:CMSE:QSOS:BZ:'ﬁEMP == CTE:CMH1:2503:B2:TEMP

== CTE:CMH2:2503:B2:TEMP .

= Successful LINAC cool-down within one week (3K/hr)
= Automation of LINAC cool-down played a pivotal role:
= Precise temperature control
= Uniform LINAC and Cryoplant cool-down
= Safe and efficient operation throughout the cool-down phase
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Cool-Down: Challenges SLAC &

\ th - i
Feb. 4t : Loss of Insulation Mar. 2nd - New Cool-Down Start
Vacuum
Mar. 8 : LINAC @ 4.5 K

01/31 02/02 02/04 02/06 02/08 02/10 02112 0214 02/16 0218 02/20 02/22 02/24 02/26 02/28 03/02 03/04 03/06 03/08
== CTE:CM01:2503:B2:TEMP == CTE:CM02:2503:BZ.TEMP == CTE:CM03:2503:B2.TEMF == CTE:CMO04:2503:B2:TEMP CTE:CM05:2503:B2.TEMP == CTE:CM06:2503:B2:TEMP == CTE:CMO07:2503:B2:TEMP CTE:CM08:2503:BZTEMP CTE:CM09:2503:B2:TEMP
== CTE:CM10:2503:B2:TEMP CTE:CM11:2503:B2.TEMP CTE:CM12:2503:B2.TEMP CTE:CM13:2503:B2:TEMP CTE:CM14:2503:B2.TEMP CTE:CM15:2503:B2:TEMP CTE:CM16:2503:B2.TEMP == CTE:CM17:2503:B2Z.TEMP == CTE:CM18:2503:B2:TEMP
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== CTE:CM19:2503:B2:TEMP == CTE:CM20:2503:B2.TEMP == CTE:CM21:2503:B2.TEMP == CTE:CM22:2503:B2.TEMP == CTE:CM23:2503:B2.TEMP == CTE:CM24:2503:B2:TEMP CTE:CM25:2503:B2:TEMP == CTE:CM26:2503:B2.TEMP == CTE:CM27:2503:B2:TEMP
== CTE:CM28:2503:B2:TEMP CTE:CM29:2503:B2.TEMP CTE:CM30:2503:B2:TEMP CTE:CM31:2503:B2:TEMP CTE:CM32:2503:B2.TEMP == CTE:CM33:2503:B2.TEMP == CTE:CM34:2503:B2:TEMP == CTE:CM35:2503:B2.TEMP == CTE:CMH1:2503:B2Z.TEMP
== CTE:CMH2:2503:B2:TEMP

Loss of insulating vacuum in LINAC cryogenic transfer line during cool-down at ~150 K
Intense investigation and repair effort: SLAC / Fermilab (FNAL) / DEMACO (vendor)
Investigation, planning and repair in 1 month

LINAC cool-down was restarted on Mar. 2"d 2022

LINAC cool-down completed within a week.




Cool-Down: Challenges SLAC &
100 mm Thermal Contraction 3 mm/m = 200 mm 100 mm
_ F]\XED !

70m

)
\ - |
| Pin / Slotted hole to support web / spacer

Linear guide used for blocking rotation of the process pipe bundle - failed.
Failure caused opening in the vacuum jacket = loss of insulation vacuum.

11

Cool-Down



Pump-Down: Scope SLAC

2 K Heat Exchanger | CRYOPLANT

2K Cold Box
8 I == ‘i :

r
......

Pump-Down

0 Cold compressor speed control - Compressor Flow
@ LINAC heater control > LINAC Pressure
g LINAC JT-valve control - Individual Cryomodules Level
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Pump-Down: Strategy SLAC iy

C1 2K CC Compressor Map

CC2 (41110)

CC5 (41140) CC4(41130) CC3 (41120) CC1(41100)

P P P P P
r r r r r
= e = e =
s 5 s 5 s
s s s s s
u u u u u
r r r r r
= e = e =
R R R R R
a a a a a
t t t t t
i i i i i
] 0 ] 0 ]
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Non Dimensional Flow Non Dimensional Flow Non Dimensional Flow Non Dimensional Flow Non Dimensional Flow

= Cold Compressor Maps HMI Screens:
= Real time monitoring of cold compressor performance
= Critical for detecting issues in relationship to the cold compressor thresholds.
= Efficient tuning of 2K pump-down parameters.

Pump-Down

= Pump-down table: Speed vs Suction Pressure
= Excellent vendor support



Pump-Down: Results
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Apr. 29th :
- Successful

/

Pump-down

04-12-22 04-14-22 0e-16-22 04-18-22

04-20-22

Time

04-27-22

04-24-22

04-26-22

04-28-22

04-30-22

10 initial attempts : compressor surge, instrumentation, pressure stability
Stable operation at 2 K was successfully achieved after 15 days

14

Pump-Down
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Pump-Down
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Pump-Down: Result Si
1.2 bar Speed CC5 |
‘___—_/ Speed . -
a Flow = 230 g/s
Speed CC3  |=
SpeedCC2 | —
Speed CC1 |==
31 mbar
Q4-29-22 11:00

= LINAC: Successful PUMP-DOWN: Apr. 29t in 2.5 hours.

04-29-22 05:00 04-29-22 09:00 O04-29-22 10:00

Code Improvements: have reduced duration to 1.5 hr.
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Summa 'y QNS

= Successful LCLS-1I LINAC Cool-Down and Pump-Down

= Key aspects for successful commissioning:

= Detailed documentation describing system behaviour (Functional Analysis)
= Clear HMI: early detection of issues and improving system response
= Careful planning supported by thorough Procedures

= LCLS-II cryosystem success was possible thanks to:

= Vendor: excellent support for commissioning and technical challenges.
= Strong Technical collaboration with Jefferson Lab
= Continued discussions with Fermilab, CERN, SNS and BNL.

16

Summary
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