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CHANGE REQUEST  
NO. ILC-CR-00XX 

EDMS No: 
D*xxXX 

Created: 31-12-2019 

Last modified: 10-1-2020 

 
 

SRF ACCELERATOR CRYOGENICS: HE INVENTORY  
 
[Few sentences describing the main subject of the change request] 
 
A change request of He inventory configuration for the ILC SRF accelerator 
cryogenics is provided in focus on helium resource conservation to respond to any 
operation and emergency modes, as follows: 
 
• Helium (He) inventory is simply stored as He gas in multiple buffer tanks (at 20 

bar-max) at each satellite plant, as a primary concept, enabling quick and full He 
resource recovery during any shutdown of the SRF cryogenics including primary 
AC power outage,  

• As a complementary concept, long-term helium inventory backup is proposed in 
liquid/supercritical phase in a dewar/container at a specified station/plant, to 
reserve additional He inventory with a fraction of 10 - 20% for the full amount of 
He (100%) necessary to the nominal ILC SRF system operation. and to flexibly 
link and distribute to each satellite plant with He-gas pipelines.  

 
RATIONALE 

 
[Outline briefly as possible the main reasons for requesting the change] 
 
• LHe in the ILC SRF cryomodule has to be entirely evaporated within 3 days 

because of static thermal load (~ 20 W/CM) and acceptable pressure increase 
(limited to ≤2 bar-abs) in the cryomodules (CMs), in case of any shutdown of the 
cryogenics operation (see Fig. 1). Immediate recovery in gas phase is inevitable 
by using recovery compressors supported by emergency AC power generators.  

 

   
 

Fig. 1 
•  
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• A large amount of helium resource may not be quickly delivered in particularly in 
Japan, because entire He resource in Japan is shipped and imported and it directly 
impact on the SRF accelerator operation availability. It is very important to 
conserve He inventory with minimum loss in any emergency modes of the 
cryogenics operation including AC power outage.  

• Full recovery and storage of the He resource into GHe buffer tanks by using a 
recovery compressor system at 20 bar is a simple and very reliable strategy to 
conserve the He inventory.   

• Just as a note, the previous CR (009) assumed that a half of He resource be 
liquefied and stored in a large LHe dewar. It takes one week (~7 days), and it 
might cause additional failure risks. 
 

SCOPE  
 
[Brief description of the overall scope of the modifications being proposed, including 
possible impact on other areas] 
 
• We propose to modify the helium inventory to be simply stored in He gas buffer 

tanks (100%) at each ML satellite system, instead of mixture of gas/liquid 
(50/50%) storage system, for very reliable recovery of helium gas evaporated 
from the ML SRF system. It requires doubling numbers of He gas buffer-tanks (6 
to 12) at each satellite cryogenics station. On the other hand, it may much 
simplify the recovery system with no requirement for the helium liquefaction 
system at each satellite surface site (see Fig. 2). 

 

 
Fig. 2 
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• Helium inventory for long-term backup may be differently optimized by 
reserving possibly with LHe/supercritical phase in a large LHe container (dewar) 
assisted with a baby-sitter/small liquefier to maintain the helium inventory to be 
re-cycled/re-condensed.  

• It may be placed at one location, possibly at the ILC IP/central region, and GHe 
inventory network/pipeline should be provided to flexibly distribute the helium 
resource for all satellite cryogenics plants along the ILC ML/DR (see Fig. 3).  

• The station should also function as the reception to receive He resource 
commercially delivered possibly in a large LHe/supercritical phase. 

 

 
Fig. 3 

 
• As a significant positive impact, helium resource may be very reliably conserved, 

and availability of the SRF accelerator operation may be much secured.  
• No major effects are seen to other system, except for doubling GHe tanks 

including transportation to and installation work at the satellite cryo-plant site.  
• Overall scope of the modification is summarized in Table 1, as follow: 

Table 1. 
 CR-09: current baseline CR: proposed 

Quick recovery at Satellite Plant: 
 # GHe BufferTank  6 (3 x 2 layers) 12 (4 x 3 layers) 
 Emergency Recovery compressor  Yes Yes 
 He liquefier for LHe storage Yes No 
 LHe Storage Reservoir Yes No 
 He recovery time:  7 days ( 2x3+a) 3 days 
 Emergency Power Generators:  ≤ 1 MW ≤ 0.5 MW 
 Surface area required  ≤ 1300 m2 ≤ 1,300 m2 
Long-term He backup (10-20%) 
 LHe reservoir and He liquefier   Distributed at satellites  Centralized at IP-DR  
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VALUE/SCHEDULE IMPACT 

 
[Brief explanation of the estimated value figure if available. Also if know, impact on 
construction schedule. Value should also include explicit labour if possible] 
 
• The estimate value figure for the He recovery and gas storage (100%) in 

comparisons with the current baseline (CR-09) is summarized in Table 2, as 
follows:  

Table 2. 
Subject Current Baseline 

 (CR-09) 
New CR  

(proposed) 
Cost of ML Satellite Plant (each):  
  GHe buffer tanks 3.4 6.7 
  Recovery compressors  0.7 0.7 
  Small He liquefier and LHe dewar 4.4 + 1 -- 
  LHe dewar  1 -- 
  Transportation and unloading  0.9 1.8 
  Site construction (CE)  0.6 1.2 
  Sum/plant   11.4 10.8 
Total Cost for 2 x 3.5 (7 eq.) plants:  79.8 75.6 
   
Additional Cost: Long-term He backup:   
 LHe dewar + He liquefier + GHe Link + a 4.4+1 + b 
   
Grand total   80 + a 76 + 5 + b 

 
• The overall cost is similar in both cases, and no major effect is expected.  
• The impact on the construction schedule should be minor.  
• The operational cost including annual maintenance/inspection would be less in 

the new CR, because of the simplicity in the system configuration. 
 

 
 
 
 
(end) 

 
Requested and prepared by: 
 

T. Okamura, H. Nakai, and A. Yamamoto 
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Attachments: 
 
Number: Original / Updated: by: 

1 Concepts of CR009 and follow-up (2016) HN, TO, YM, AY 
2 Report from WG3 on ILC-250 study (2017-7) AY. HN. TO 

3 Study of ILC ML Cryogenics, (2017-3) 
Originally reported at LCWS (2016) 

TO, HN, AY 

4 Cryogenics at CERN, ILC Cryog. WS (2013-11) D. Delikaris 

5.  Foot print: LHC-SM18, He Inventory Configuration,  
Image for 2 x 3 x 4 He tanks Configuration  

DD,  
AY 

   
 
 
Change History: 
 
Version: Created/modified: by: what: 
1.0 31.12.2019 T. Okamoto,  

H. Nakai,   
A. Yamamoto 

Preliminary Draft 

1.1 5.1, 2020 T. Okamoto,  
H. Nakai,   
A. Yamamoto 

Draft updated, including 
additional attachments. 

1.2 8. 1, 2020 T. Okamoto,  
H. Nakai,   
A. Yamamoto 

Draft updated,  
 

1.3 10. 1, 2020 T. Okamoto,  
H. Nakai,   
A. Yamamoto 

Appendix added (CERN 
SM18, He inventory example),  
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IMPLEMENTATION PLAN 
 
Can be left blank for first submission. 
 
Concerned Parties (Work Packages, Coordinators, Suppliers etc.) 
 
WF/Area  
  
  
  
  
  
  
  
  
  
 
 
Affected documents 
 
EDMS ID Title Remark 
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ATTACHEMENTS 
 
[Place additional document here as needed. This can be used for adding a more 
detailed description of the CR] 
 
Attachment 1: CR009 (Nakai, Okamura, Makida, Yamamoto, 2016-2017) 
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Attachment 2: Reports from ILC250 WG3   
(A. Yamamoto, S. Michizono, and B. List: briefly extracted, 25 July, 2017)   
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Attachment 3: ML Cryogenics (Okamura, Nakai, Yamamoto: briefly extracted, 2017) 
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Attachment 4. Cryogenics at CERN (by D. Delicaris: briefly extracted, 25-11-2013)  
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Attachment 5: He Inventory Configuration at CERN LHC P18 (SM18)  

 
Current Foot-Print: LHe (2) and GHe (2 x 2 x 3) Configuration  

 

 
Image, Foot-Print: GHe (2 x 3 x 4) Tanks Configuration.  

 


