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Scope

• Cryogenic systems in support of
– Bare elliptical and spoke1 cavities testing 
– Dressed cavities testing 
– Cryomodule test stand(s) 
– Cryomodule string testing
– HINS Front End (FE)1

• Test Systems
– Vertical Test Stand (VTS) located in the Industrial 

Building One (IB1)
– Horizontal Test Stand (HTS), HINS Test Cryostat (TC) 1 

and HINS FE - Meson Detector Building (MDB)
– Cryomodule (CM) test stand and string test  - New Muon 

Lab (NML)
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VTS at IB1

• Operational facility

• IB1 cryogenic system has ~ 9 g/sec liquefaction 
capacity

• IB1 cryogenic system supports VTS and very active 
Magnet Test Facility (MTF)

• VTS utilizes warm pumping cycle to achieve 2K

• IB1 pumping capacity is ~ 6 g/sec at 20 torr

• VTS cryostat can fit up to two 1.3 GHz cavities

• Only one RF ON cavity test possible at any given 
time
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VTS at IB1 (2)
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Vertical
Test 

Stand
(Bare Cavities)
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VTS at IB1 (3)
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MDB Cryogenic System

• System supports HTS, HINS FE and TC
•• Built using mostly existing components ($6M value)Built using mostly existing components ($6M value)
• Three Standalone Tevatron Style Refrigerators

– Operating in Mixed Mode – Refrigeration and Liquefaction
– Theoretical Capacity (each refrigerator)

• 625 W at 4.5K in Refrigerator Mode or 4.17 g/s of Liquid 
Helium in Liquefaction Mode

• Actual Capacity Tests have been performed
– Liquid Nitrogen (Dewar fed)

• Precooling of heat exchanger
• Used for thermal shields

• Four warm compressors 60 g/sec each
• Purifier compressor 30 g/sec
• Warm Vacuum Pumping system 10 g/sec at 12 torr
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HTS at MDB
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• Operational facility since 2007
• Single cavity horizontal test cryostat built by US 

industry

• Has its own Feed Box

• Positive Isolation on Supply 
Side by Using U-Tubes

• Positive Isolation on Return 
Side Achieved using Dual- 
Valve arrangement

• Allows for HTS Warm-up 
without the need to warm- 
up other systems
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HINS Test Cryostat at MDB

– Conducted general and detailed engineering of the 
cryogenic distribution system

– Procured bayonet boxes and transfer lines from 
industrial vendor using performance specification

– Procured major elements from industry and assembled 
the test cryostat for Spoke cavities

– Started installation on May 11, 2009
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HINS FE

• In a past year:
– Work on general engineering, including system 

interface requirements and specification
– Developed cryogenic process flow diagram
– Started cave layout work
– Started detailed engineering
– Started design of the HINS FE cryogenic transfer line  

turn around box

May 18-19, 2009 DOE SRF Review 10

Turn
Around
Box



f
Fermilab

MDB Cryogenic Capacity
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refrigeration liquefaction
[W] [g/sec]

Horizontal Test System (HTS) 50 2.0
Spoke Test Cryostat (STC) 350 0
HINS FE (HFE) 760 1.9

HFE+HTS+STC 1160 4.0

Heat Load
System
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NML

Phase 1  cryo system is built using mostly existing componentsPhase 1  cryo system is built using mostly existing components
In the past two years:
• Installed

– Cave cryogenic distribution system
– Capture Cavity II (CC II) and its cryogenic distribution system
– Auxiliary and safety systems
– Cryomodule distribution system including Feed Box, 

Interconnect transferline, Feed Cap, and End Cap
– Cryomodule support system

• Commissioned 
– One standalone Tevatron style refrigerator
– Warm vacuum pump and recovery  compressor

• Ready for the CCII commissioning at NML in 6/2009

May 18-19, 2009 DOE SRF Review 12



f
Fermilab

NML Cryogenic System

May 18-19, 2009 DOE SRF Review 13

∗ Reciprocating expanders
∗ Valve Box
∗ Helium Dewar
∗ Heat Exchanger
∗ Bayonet Cans

∗ Two Standalone Refrigerators

∗ Capacity:

625 W @ 4.5 K or 4 g/s LHe each

∗ Located Southeast End of NML
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Main Helium Compressors
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∗ Located at Lab B

∗ Two oil-flooded screw
compressors

∗ Manufactured by Mycom

∗ Capacity  60 g/s each

∗ Pressure
Discharge  ~280 psig
Suction      ~ 1.2 psig

∗ Oil Removal System

∗ Power
~400 hp each
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Storage
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∗ 4 Helium Storage Tanks

∗ Total Capacity 
= 42,900 gallons

∗ MAWP = 250 psig

∗ 2 Tube Trailer Fill Stations

∗ Liquid Nitrogen Dewar

∗ 6000 gallon capacity
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Helium Vacuum Pump 
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∗ Ambient Temperature Pumping Cycle

∗ Kinney Model KLRC 2100 Liquid Ring Pump

∗ Kinney Model KMBD – 10,000 Roots Blower

∗ Skid Assembled at TJNAF Skid Assembled at TJNAF 

∗ Identical to Skid Used at MDB

∗ Reworked for Helium Service
∗ Helium Guarded Dynamic Seals
∗ Sub-atmospheric Components

∗ Several Stages of Interlocks for Protection

∗ Connected to Cryogenic Load via Main  Pumping Header

∗ CC1, CC2 and Cryomodule String to have individual low 
pressure control valve to independently regulate cavity 
pressure
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Purification System
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∗ Contamination Concerns due to Sub-atmospheric 
Operation
∗ Frick Helium Screw Compressor (100 hp)

∗ Vacuum Pump Discharge Flow

∗ 10 g/s of Helium at 1 psig Inlet Pressure

∗ New Oil Removal System Installed

∗ Compressor Flow can be diverted to Helium Purifier

∗ Two Full Flow Helium Purifiers Available
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Capture Cavities
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• Each Capture Cavity has its own Supply 
Box

• Positive Isolation on Supply Side by Using 
U-Tubes

• Positive Isolation on Return Side Achieved 
using Dual-Valve arrangement

• Allows for Capture Cavity Warmup without 
the need to warmup CM
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CM Distribution System 
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• Feed Box
• Interconnecting Transferline
• Feed Cap
• Feedbox contains all the valving and 

instrumentation to distribute cryogens 
to all of the CM circuits

• End Cap
• Contains structural supports, turn - 

around piping, liquid helium vessel, 
instrumentation and 5K shields relief 
valve

Components procured from industrial vendor 
using performance specification
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NML Cryogenic Capacity
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Capture Cavity II
CCII & CM1

CCI, CCII, CM1 & 
CM2
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Technical Issues and Risks

• Insufficient cryogenic capacity 
– NML, MDB and IB1 (long term ) are in need of additional 

cryogenic capacity to satisfy Project X testing program 
requirements and throughputs

• Low availability 
– Both NML and MDB use refrigerators with reciprocating 

machines while operating in a mixed mode. Small 
degradation of reciprocating engines efficiency leads to 
a significant liquefaction capacity decrease

• Shield temperatures mismatch
– Project X and/or ILC cryomodules thermal shields 

operate at 5 – 8 K and 40 – 80 K. Current systems are 
unable to match shield temperature requirements and 
use 80K nitrogen cooling
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Strategy to Mitigate Risks

• ARRA funds will help to resolve current 
cryogenic related technical issues and 
significantly reduce technical risks 

• ARRA funds will be used to procure new 
cryogenic plant (~300 W@ 2K), beamline 
distribution system for NML and allow to 
complete much of the cryogenic upgrade at IB1

• ARRA funds will be a substantial down payment 
for cryogenic infrastructure in support of future 
Cryomodule Test Stands and additional 
Horizontal Test Systems needed to support 
Project X and ILC R&D testing requirements
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Plan for next 3 yrs

• Finish IB1 cryogenic system upgrade to support 
high cavity test throughput and to reduce 
interference with magnet testing program

• Operate HTS and HINS TC
• Install HINS FE cryogenic distribution system
• Operate CM(s) at NML
• Procure and install new cryogenic plant at NML

• Procure and install NML Beamline Distribution 
system
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Milestones

• FY 09 
– HINS TC cryogenic system is operational
– CC2 is operational at NML

• FY 10
– CM1 is operational at NML
– Place order for new NML cryogenic plant and the beam 

line distribution system
• FY11

– IB1 cryogenic infrastructure is ready to support bare 
cavity test ramp-up

• FY12
– New NML cryogenic plant and beam line distribution 

system are ready for commissioning
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Summary

• Cryogenic systems established in the past 2 
years have been efficiently used for SRF 
components testing

• Planned upgrades of the SRF cryogenic facilities 
will increase test systems capabilities and 
throughput

• ARRA funds will accelerate development of 
cryogenic infrastructure needed to support 
Project X and ILC R&D testing requirements
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