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1. Introduction
This document will describe requirements and provide guidelines on how to design, fabricate and test/qualify any non-standard devices that can be pressurized (i.e., pressure containing components) when connected to the SBND cryostat ports. Here, the non-standard device means a device (1) not listed in ASME B31.3 [Reference-1] Table 326.1 and not rated for the maximum allowable working pressure (MAWP) by a qualified manufacturer; or (2) having no CE-mark or missing manufacturer’s documentation package per European PED EN13480 [Reference-2]. The ports on cryostat will have to be qualified for the maximum allowable working pressure by the manufacturer of the cryostat. Such non-standard devices would require Engineering Note(s) supplemented with analysis and/or test results that will prove its conformity to the Appropriate Governing Code, as mandated by Fermilab ESH Manual (FESHM), Chapter 5031.1: Piping Systems [Reference-3]. Therefore, using commercially rated devices[footnoteRef:1] or parts/components may help to avoid complications.  [1:  Commercially listed (rated) piping components are those listed in ASME B31.3 Table 326.1 or CE-marked per PED EN 13480.] 


It is speculated that the feedthroughs for laser steering head, signal and power cables of time projection chamber (TPC) and light detection system (LDS), drift high-voltage (HV), TPC support and instrumentation may fall in the non-standard device category. At a minimum, American Society of Mechanical Engineers (ASME) B31.3 code [Reference-1] or European PED EN 13480 standard [Reference-2] will govern for designing, fabricating and testing those feedthroughs per FESHM Chapter 5031.1.

The requirement on the pressure rating of the non-standard device is described in Section 2. The requirement on material certification to ensure the mechanical strength, the high liquid argon purity necessary for science, and the adequacy of the material respect to the operating temperature will follow in Section 3. Some features to be incorporated for the feedthrough design is described in Section 4.  The requirement for qualification (or proof) tests of the non-standard device and test procedures will be described in Section 5. 


2. Requirement for Pressure Rating
The maximum allowable working pressure (MAWP) of non-standard devices connected to the SBND cryostat must be equal or greater than the MAWP of the cryostat. Considering the operational conditions of SBND cryostat, the design pressure of the cryostat shall be taken as the cryostat MAWP to calculate the test pressure for qualifying those non-standard devices. The cryostat is equipped with pressure relief valves set at the design pressure of 350 mbarg (or 5.1 psig) for the protection from the catastrophic structural failure due to overpressure conditions.  If devices are connected to the cryostat volume not at the roof, but below the liquid level (for example side ports), a maximum hydrostatic head should be taken in effect for calculating MAWP.

Because the cryostat is also protected by vacuum relief valves to avoid catastrophic structural failure due to low pressure conditions, it is not foreseen for the unlisted devices to be qualified for the vacuum or negative pressures in general. Exceptions could apply to the feedthroughs designed with double flanges –both cold and warm flanges– equipped with evacuation capability for the volume between two flanges.


3. Material Certification
The selection and application (design and construction) of materials would determine the mechanical strength of device based on their inherent properties. The designer of device must verify that materials meet the requirements of the appropriate governing code or/and standards, and are suitable for service throughout the operating temperature range (low temperature down to 80 K) and for the argon purity requirement of the experiment as well. In general, the requirements and design data of ASME B31.3 [Reference-1] or European PED EN 13480 standard [Reference-2] shall apply.


4. Design Features to Consider
On the argon purity standpoint, all feedthrough chimneys (including manhole) must be able to be purged (to vent) when the experiment encounter a purity issue. According to the computational fluid dynamics (CFD) model of the similar type of cryostat, such as ProtoDUNE Single Phase (SP), the ullage space temperature above liquid surface would rise beyond 110 K and the temperature inside chimneys is expected to increase continuously close to the room temperature. Because outgassing from wires will be the biggest source of impurities and will be highly dependent on the temperature, the implementation of purge port (for tubing in size of ¼” OD at minimum) on the feedthrough flange is required. 
The designer of device is responsible to determine if any extra measures are necessary to keep the feedthrough and readout electronics from water condensation.  
  
5. Qualification Test and Procedures

All feedthrough assemblies, as any piping systems, are required to be pressure tested after assembly and prior to allowing operations (for the mechanical strength and leaks) per ASME B31.3 code [Reference-1] or European PED EN 13480 standard [Reference-2]. ASME B31.3 terminology defines such test as leak test per B31.3–345. It is done either hydrostatically at 1.5 times (1.5x) design pressure or pneumatically at 1.1 times (1.1x) design pressure. EN 13480 terminology defines such test as proof test and can be done either by hydrostatic or pneumatic pressure testing per 13480-9.3.2.2 at 1.43 times (1.43x) MAWP.
The feedthrough design is expected to maintain leak rates under 10-9 mbarliter/sec [~10-9 stdcc/sec][footnoteRef:2] , that is: No leak shall be detectable on the most sensitive scale of a helium leak detector with a minimum sensitivity on the order of 10-9 mbarliter/sec [~10-9 stdcc/sec],  and experience no failure related to thermal conditions. Upon request, the SBND Technical Coordinator will consider granting an exception to this leak tightness requirement on a case-by-case basis. [2:  1 mbarliter/sec = 0.987 stdcc/sec] 

For the non-standard devices, as defined in Introduction, ASME B31.3 requires that its MAWP must be established per B31.3-304.7 through either extensive successful service, experimental stress analysis or proof testing in accordance with ASME Boiler Pressure Vessel Code Section VIII, UG-101. We require ASME B31.3 304.7.2 (c) Proof Test [Reference-1] over other methods.
Per ASME Boiler Pressure Vessel Code Section VIII, UG-101 [Reference-4],  the internal differential test pressure for qualifying the top plate feedthrough assemblies is four times (4x) of the cryostat MAWP, 1.4 barg (20.4 psig).
For the case of identical devices, meaning (1) the same basic design configuration and type of construction, (2) the same material specifications, (3) the same heat treatment, etc. [See ASME BPV Code, UG-101 (d)(1) for details], the proof test with one sample is sufficient per code. However, for the quality assurance purpose, we require to test them all (by taking advantage of the test setup already available). 

6. Compliance to FESHM

As required by FESHM Chapter 5031.1, the Neutrino Division (ND) Head who controls the SBND operation or his/her designee shall arrange for the review of Engineering Note(s) by a Qualified Person and shall certify the compliance with the FESHM chapter by signing the Engineering Note(s) which will be placed into Fermilab Teamcenter. 

The definition of Qualified Person is a person who, by possession of a recognized degree or certificate of professional standing, or who, by extensive knowledge, training and experience, has successfully demonstrated the ability to solve or resolve problems relating to the subject matter and work. Because the Engineering Note(s) must be prepared by a qualified person, one of the members in ND/Technical Support Department (TSD)/LAr Detector Engineering group will be assigned for writing according to the document format requested. However, the SBND L2 managers of each subsystem, delivering subsystem and feedthroughs, are responsible for providing all the relevant documentation necessary for writing or appended to the Engineering Note(s), such as material certification, design calculations, manufacturer’s compliance to the governing code for purchased components, welding/brazing qualification and inspection/examination records, diagrams, summary of leak tests (including test plan, test pressure and results),  precautions, operation procedures necessary for the safe use of the system, etc. 

The Engineering Note(s) will be reviewed by an independent and qualified reviewer. 

7. Summary
[bookmark: _GoBack]Every feedthrough installed in the SBND cryostat that can be pressurized from the cryostat pressure shall be shown to comply with either ASME B31.3 code [Reference-1] or PED EN 13480 standard [Reference-2]. The extent of the design, fabrication and test documentation shall be made sufficient to allow writing and review of the Engineering Note(s) per requirements of Fermilab ESH Manual, Chapter 5031.1 [Reference-3].
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