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This document describes the g-2 Muon storage vacuum vessels, (four designs in total) and shows they comply with FESHM 5033 and ASME Section VIII, (though the latter is beyond the scope of vacuum vessels not rated for 15psig+). The document shows the strength of the vessels is adequate for its normal operating conditions (full vacuum) and stress is below code allowable in all vessel designs.  The document also describes the three designs of the vacuum windows present on the vessels, and shows compliance with FESHM 5033.1.    Relief scenarios are also discussed, and show the relieving system is sufficient to prevent over-pressurization of the vessels.  These vessels were manufactured and used at BNL, and FESHM 5033 states: “Used vessels shall be classified as an existing vessel and will have their previous service taken into account during the review process. Questionable vessels or those with unknown histories shall be re-tested per the "Inspection and Testing" section of this chapter.  All vessels, whether used as built at BNL, or modified as described in this document, will be tested at full vacuum.    
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1.	Identification and Verification of Compliance

Fill in the Fermilab Engineering Conformance Label information below:

This vessel conforms to Fermilab ES&H Manual Chapter 5033

	
	Vessel Title
	Muon g-2 Muon Storage Vacuum Vessels:

	Vessel Number
	1. Standard Vacuum Chamber – 02049-1
1. Straw Tracker Vacuum Chamber – 02049-2
1. Inflector Vacuum Chamber – 02049-3
1. Trolley Garage Vacuum Chamber – 02049-4 

	Vessel Drawing Number
	See attached drawings – APPENDIX B

	Internal MAWP
	1 psig 

	External MAWP
	15 psi  (Full Vacuum)

	Working Temperature Range
	20 oF   to  100 oF

	Design/Manufacturer
	Brookhaven National Laboratory / 
Some Modified by Fermilab and  University of Boston

	Date of Manufacture
	1990 - 2016

	Acceptance Date
	2016




Director's signature (or designee) if vessel is for manned area and requires an exception to the provisions of this chapter.

	

	Amendment No.
	Reviewed by:
	Date:

	
	
	

	
	
	

	
	
	



	Laboratory location code
	209 is the FIMS # for the new MC1 building.

	Laboratory property number
	Same as Teamcenter number:  02049

	Purpose of vessel
	Muon storage vessels





List all pertinent drawings: 
	
	

	
	

	In APPENDIX B Folder: “Vacuum Vessel Drawings” and “Vacuum Window Drawings”
	

	
	

	
	



2.	Design Verification
Provide design calculations in the Note Appendix. (SEE APPENDIX A)

3.	System Venting Verification
Can this vessel be pressurized either internally or externally?     [ X ] Yes      [  ] No
                                                                   If “Yes”, to what pressure? 1 psig max, though this is not probable

List all reliefs and settings. Provide a schematic of the relief system components and appropriate calculations or test results to prove that the vessel will not be subjected to pressures greater than 110% beyond the maximum allowable internal or external pressure.

	Manufacturer
	Relief 
	Pressure Setting
	Flow Rate
	Size

	Fermilab
	Parallel Plate
	~1 psi
	285 gm/sec @ 3psi overpressure
	1.5” diameter 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




4.	Operating Procedure Section

Is an operating procedure necessary for the safe operation of this vessel?
[  ] Yes      [ X ] No        (If "Yes", it must be appended)

Is a testing procedure necessary for the safe acceptance testing (acceptance testing) of this vessel?
 		[  ] Yes      [ X ] No
If “Yes”, the written procedure must be approved by the division head prior to testing and supplied with this Engineering Note.

5.	Welding Information

Is the vessel code-stamped?     [  ] Yes      [ X ] No
If "No," append WPS, PQR, and WPQ:    

6.	Exceptional, Existing, Used, and Non-Manned Area Vessels

Is this vessel or any part thereof in the above categories?     [ X ]Yes  “Used”    [  ] No
If "Yes" follow the Engineering Note requirements for documentation and append to note.




1. Description and Identification

These vacuum vessels are located between the poles of the magnet.  Each one is 30 degrees of the circular magnet, meaning twelve vacuum vessels in total make up the entire 360 degree magnet.  They are all connected circumferentially to form one vacuum space. They are all similar vessels, except for a few slight modifications to some of the specialized ones.  A cross sectional view of their location is shown in Figure 1.  Figures 2 through 5 show the top views of the standard vessel as well as the specialized ones: The inflector, straw tracker, and trolley garage vacuum chambers, which are based off the standard chamber with slight modifications.  Figure 6 through 8 shows the vacuum vessel windows, which there are three designs: standard window, which is common to every vacuum chamber, and the inflector internal and external vacuum windows, which are only on the inflector vessel of course.            


[image: ]
Figure 1:  Entire magnet cross section containing the vacuum vessels which are located between the poles, next to the outer ring cryostat.  Walls shown with diagonal hatch lines.
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Figure 2:  Top View of Standard Vacuum Chamber.  (See Appendix B for more detailed drawings.)
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Figure 3:  Top View of Inflector Vacuum Chamber.  (See Appendix B for more detailed drawings.)
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Figure 4:  Top View of Straw Tracker Vacuum Chamber.  (See Appendix B for more detailed drawings and 3D models.)
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Figure 5:  Top View of Trolley Garage Vacuum Chamber.  (See Appendix B for more detailed drawings.)  Scallop will also be added to the right side of the vessel, which will be identical to the standard vacuum chamber scallop, but also have an additional rectangular portion extending inwards radially to an ISO 400 flange.  
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Figure 6:  Vacuum Vessel Window Details.  (See Appendix B for more detailed drawings.)




[image: C:\Users\evoirin\Documents\G-2\Tasks\Cryostat Vacuum Notes\Vacuum Vessel Notes\APPENDICIES\APPENDIX B - Mechanical Drawings\Window Drawings\Inflector Windows\d19-m-4632-5.tif]
Figure 7:  Inflector Internal Window.

[image: C:\Users\evoirin\Documents\G-2\Tasks\Cryostat Vacuum Notes\Vacuum Vessel Notes\APPENDICIES\APPENDIX B - Mechanical Drawings\Window Drawings\Inflector Windows\d19-m-4633-4.tif]
Figure 8:  Inflector External Window.
1. History of Vessels:

The Muon g-2 vacuum vessels were made and used by Brookhaven National Laboratory.  Since it has been ~ 20 years since they were designed, not all information is available, and engineering notes according to FESHM standards were of course not written, which is why we revisit the design here.  FESHM 5033 states the following with respect to used vessels:

“Used Vessels: Used Vessels shall be classified as an existing vessel and will have their previous service taken into account during the review process. Questionable vessels or those with unknown histories shall be re-tested per the "Inspection and Testing" section of this chapter.”

“Inspection and Testing: The vessel shall be inspected during fabrication by the designer/engineer for compliance to the standard. All vacuum vessels shall be acceptance tested by pumping out the vacuum volume. Before this test is performed, the Engineering Note shall be reviewed by the assigned reviewer.”

 
Since some information such as welding certifications and other documentation cannot be sourced, these vessels will be tested according to the guidelines set forth in FESHM 5033 and 5033.1.   According to ASME BPV Section VIII, if rated above 15 psi they are considered “Pressure Vessels” and must be pressure tested.  Vacuum vessels with a design pressure below 15 psig are beyond the scope of the boiler pressure vessel code.  It would not be desirable to attempt to pressure test these vessels since they contain many vacuum components, and we see no reason to qualify them as pressure vessels as they are intended for vacuum service only.  There are no cryogens inside, and pressurization is not plausible, therefore only the vacuum test will be performed to qualify each vessel.  
The vacuum windows will be tested at well, and their deflections measured per FESHM 5033.1.  The common window, which is present on all vacuum vessels will only have the deflection measurements taken once, as all the rest are similar.  The Trolley garage/Plunging probe has a window which is slightly different, and will be tested.  The inflector has two windows, only one of which will have its deflection measured during the test.   The other window is internal and normally sees vacuum on both sides of the window.  It will be tested with vacuum on only one side, but measurements would be difficult as the window is internal.  This is a used vessel with prior service at Brookhaven, which should be taken into account for qualifying the window.   
  

1.  Design Verification

In this section we calculate the stress on the vacuum vessels due to their design load of 15 psi external pressure. We perform both simple hand calculations as well as Finite Element Analysis due to the existence of penetrations and ports.  
We will have multiple identical vessels for the standard vacuum chamber (7) and straw tracker vacuum chambers (3).  We do not write an engineering note for each one, as this note covers them all according to FESHM 5033 guidelines: FESHM 5033 states the following about similar vessels:  
Similar Vessels: Vacuum vessels that are similar to previously constructed and approved vessels need not have the full engineering analysis repeated. Adequate documentation can be provided by referencing the approved engineering analysis and noting any differences. Acceptance testing is still required. For the purposes of this paragraph, similar vessels mean that the same kinds of materials and construction techniques are used and similar operating parameters will be used. The geometry must be similar, however, this paragraph may be applied if geometry differences do not affect the engineering analysis or safety.

1. System Relief Verification

There are no cryogens inside, and the only source of internal pressure, is a low flow rate (<0.3 SCFM) of a mixture of Argon and Ethane gas, which flows through the straws of the trackers.  A failure on one of these straws would spoil the vacuum, and begin to pressurize the vessels. The relief system for the tracker straw purge system is a 10 psi relief valve.  This maximum of 10 psi flows through a small solenoid valve and through the trackers. We calculate the maximum flow through these small solenoid valves and into the chamber as a relief scenario.  More detailed calculations for this scenario are included in APPENDIX E.       
We employ parallel plate reliefs on the vacuum vessels, using CGA guidelines, which should be conservative since they are for vacuum jackets of vessels containing cryogens.  That guideline is 0.00024 in2 of relief area per pound of water capacity.  Each of our vacuum vessels is 5 ft3, and we have 12 connected together, for a total of 60ft3 = 3750 lb water = 0.889 in2 of required area.  We employ a 1.5” diameter parallel plate = 1.7 in2 of relief area, much more than recommended by code.  




IV. Procedures

N/A:  Operating procedures are not required for safe operation, and the relief system is adequate for all possible relief scenarios.  



V. Welding Information

Welding Information for all original construction welds:

Information on welding certifications is not available for the original welds of this used vessel.  FESHM 5030 states the following with respect to used vessels:

“Used Vessels: Used Vessels shall be classified as an existing vessel and will have their previous service taken into account during the review process. Questionable vessels or those with unknown histories shall be re-tested per the "Inspection and Testing" section of this chapter.”

“Inspection and Testing: The vessel shall be inspected during fabrication by the designer/engineer for compliance to the standard. All vacuum vessels shall be acceptance tested by pumping out the vacuum volume. Before this test is performed, the Engineering Note shall be reviewed by the assigned reviewer.”

	Since this missing documentation can cause the vessels to fall into the category of “unknown histories” FESHM states we must inspect and vacuum test these vessels before service, and after review of this engineering note.  

Welding Information for all new construction and modifications:

	Welding for all recent modifications was done according to ASME Section IX by ASME Certified welders at Fermilab (Leonard Harbecek, and Mike Jenniga).  All welding procedures, certifications, and information is contained in APPENDIX C.  An in process weld inspection was performed on the butt welds of the trolley garage vacuum chamber, as well as the Straw Tracker Chamber.  Prototype welds were also performed on this type of weld to determine the best weld process that reduced deformation to an acceptable value.   
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