


Pipe Characteristics 
 
Size: ¾” sch 40, 1” sch 10, 1 ½” sch 10, 2” sch 10, 3” sch10, 4” sch 40 
 
Length: ~32 feet Volume: ~6 Gallons 
 

Relief Valve Information 
 
Type:  Spring Loaded Manufacturer: Crosby JBS-E-32-J 
 
Set Pressure:  30 psig Relief Capacity:  2434 scfm air 
Relief Design Code:  ASME BPVC VIII D1 
 
Is the system designed to meet the identified governing code? Yes / No 
 
 

System Documentation 
 
Process and Instrumentation diagram appended?  Yes / No 
  
Process and Instrumentation component list appended? Yes / No 
  
Is an operating procedure necessary for safe operation? Yes / No 
If ‘yes’, procedure must be appended. 
 

 

Fabrication Quality Assurance 
 
List vendor(s) for assemblies welded/brazed off site:  Val-Fab 
 
List welder(s) for assemblies welded/brazed in-house:  Bill Gatfield, Ryan Mahoney  
 
Are welder qualification records available for in-house welded/brazed assemblies?  Yes / No 
If yes, append documents or make available to reviewer. 
  
Are all quality verification records required by the identified code available?    Yes / No 
(e.g. examiner's certification, inspector's certification, test records, etc.)  
If yes, append documents or make available to reviewer. 
  

Fermilab ES&H Manual Page 2 of 2 5031.1_01Form-2 
 Rev. 05/2010 
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1.0) System Introduction and Description 

This Piping Engineering Note is for the Normal class piping that cannot be isolated by valves from 

the cryostat.  The cryostat is an ASME coded vessel fabricated by Val Fab, an ISO9001 certified 

manufacturer.  A certificate of compliance and an entire package of code documentation which Val Fab 

supplied is available in Microboone docdb #2582. 

 

2.0) Design Code and Criteria 

The MicroBooNE Cryostat Piping meets the requirements of Section 5031.1 of the Fermilab ES&H 

Manual.  This section states that systems which fall under the ASME B31.3 Normal Fluid Service category 

shall have an engineering note prepared by the appropriate governing code.  Table 1 in Section 5031.1 

stated ASME B31.3 shall be used for cryogenic liquid or gas. 

 

3.0) Materials and Drawings 

3.1) Description 

The phase 2 MicroBooNE Cryostat Piping is considered to be all piping attached to the 

cryostat that contains cold (< -20F) argon and cannot be isolated by valves from the cryostat. 

There are seven separate sections of cryostat piping. the liquid withdrawal to and discharge 

from the liquid argon  pumps, Gas argon from and return to the cool-down heat exchanger, the 

bottom pressure tap on the cryostat, the gas boil-off to condensers and piping to the relief 

valves and vent valves. All of the piping is 304 Stainless Steel piping.  See section 3.2 and 

Appendix B for details and fabrication drawings. 

The figures below show the seven sections of the cryostat piping. 
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Fig. 3.1 above shows the cryostat vent pipe attached to nozzle #5 on the cryostat.. 
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Fig 3.2 Vent pipe from nozzle #7 on the top of the cryostat to the condenser. 
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Figure 3.3 shows three sections of the cryostat piping on the bottom of the fixed head of the 

cryostat.  Cryostat nozzle #9 connects to the bottom pressure sensing line. Nozzle #11 connects 

to the cool-down gas inlet valve PV-815. Nozzle #14 connects to the pump suction valve PV-300. 
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Fig 3.4 Pipe from nozzle #12 on the top of the cryostat fixed head that connects to PV816 for 

the return of the cool-down gas from the cryostat. 
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Fig 3.5 Pipe carrying liquid argon to nozzle #13 of the cryostat  from either the pump 

discharge (FCV-191) or from the condenser (PV-256). 

 

 

3.2) Fabrication Drawings 

The  MicroBooNE Cryostat Piping has the following fabrication drawings.  The fabrication 

drawing numbers are listed below and can be found in Appendix B.  A zip file of the Cryostat 

Piping fabrication drawings can also be found in the MicroBooNE docdb #2480. 

The Cryostat vendor Val-Fab fabricated the entire cryostat and attached nozzles as shown 

on the following drawing package. Val-Fab was required by the contract to fabricate and install 

all piping components in accordance with ASME B31.3 piping code. It was left to the discretion 

of Val-Fab and their Authorized Inspector as to where the on each nozzle the piping code 

FCV-191 
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applied and the pressure vessel code applied. The Nozzles of interest are nozzle #5, 7, 9, 11, 12, 

13 and 14. 

 Val-Fab dwg # 1203-727, sheet 1-8 

The Cryostat vendor Val-Fab fabricated the entire cryostat and attached nozzles as shown on 

the following drawing package. Val-Fab was required by the contract to fabricate and install all 

piping components 

 DWG:   #497340 – Cryostat vent from Nozzle #5 

 DWG:  #493181 – Cool-down gas inlet, Nozzle #11 

 DWG:  #493136 – Pump Suction, Nozzle #14 

 DWG:  #493111 – Gas to Condenser, Nozzle #7 

 DWG:  #489995 – Liquid Argon From Pump Discharge, Nozzle #13 

 DWG:  #493144 – Cool-down Gas outlet, Nozzle #12 

There is no Fermilab drawing for the Bottom Sensing Line from Nozzle #9 

 

3.3) Piping and Instrumentation Diagrams 

The MicroBooNE cryostat piping system on the two (right and left) flow schematics below.  

These drawings with the individual piping engineering note subsystems highlighted can be seen 

in Appendix A.  The highlighted piping and instrumentation diagrams can also be found in the 

MicroBooNE docdb #2579.  The unmarked piping and instrumentation diagram for MicroBooNE 

can be found in MicroBooNE docdb #255. 
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Left side of cryostat piping flow schematic 
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Right side of cryostat piping flow schematic 

 

3.4) Valve and Instrument List 

The full MicroBooNE Valve and Instrument List can be found in the MicroBooNE docdb #639.  

The valves and instruments relevant to the MicroBooNE Cryostat Piping are shown below. The 

valves are unlisted components and their manufacturers pressure rating is below in the table. 
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3.5) Unlisted Components 

The MicroBooNE Cryostat Piping contains several unlisted components which are not 

manufactured to a standard listed in ASME B31.3 Table 326.1.  The use of all unlisted 

components is allowable per ASME B31.3 Section 304.7.2(a) stating the unlisted components 

are acceptable with extensive, successful service experience under comparable conditions with 

similarly proportioned components of the same or like material.  The unlisted components are 

shown in the table below.  When similar fittings of varying sizes are present, only the size and 

type of fitting with the lowest pressure rating will be listed. 

Description 
Manufacturer / 

Distributor 
Model Number Pressure Rating 

¾” NPT X ¾” 
compression 

McMaster Carr 50915K334 100 psig 

Pipe Butt Weld 
Fittings, ¾” and 

Swagelok 
SS-16MPW-A-6TSW 

series 
5900 psig 

Code
Tag 

#
Fluid Subsystem - Service

Range / 

Setpoint

Pressure 

Rating
Manufacturer Model Number

MV 130 Ar
Cryostat - Tandem relief valve system inlet 

changeover control
>535 psig Anderson Greenwood SVR-1610F-SSTO

PSV 132 Ar Cryostat - Code relief valve 30 psig 535 psig Crosby 4L6 JBS-E-32-J

MV 134 Ar
Cryostat - Tandem relief valve system PSV135 

inlet pumpout
>535 psig Anderson Greenwood SVR-1610F-SSTO

PSV 135 Ar Cryostat - Code relief valve 30 psig 535 psig Crosby 4L6 JBS-E-32-J

MV 136 Ar
Cryostat - Isolation valve for PSV152, 

operational relief
1450 psig Sharpe 3/4''-99-6-6-M-T-SW

MV 140 Ar
Cryostat - Vent, isolation for valves PV142 and 

FCV151
1500 psig Sharpe 1''-C99-6-6-R-T-BW10

MV 141 Ar
Cryostat - Vent, vacuum pumpout or purge for 

PV142 line 
1000 psig Swagelok SS-4H-TW

PV 142 Ar
Cryostat - Vent, actuated valve for the vent 

piping (fail closed)
1500 psig Sharpe 1''-C99-6-6-R-T-BW10/SR/NC

MV 146 Ar
Cryostat - Tandem relief valve system PSV132 

inlet pumpout
>535 psig Anderson Greenwood SVR-1610F-SSTO

FCV 151 Ar
Cryostat - Vent flow control valve for cryostat 

and cooldown loop
700 psig Swagelok SS-4BMRG-TW-XXXX

PSV 152 Ar Cryostat - Operational relief valve 10 psig 2400 psig Circle Seal 5180B-6MP

FCV 191 Ar Cryostat - Main liquid circulation inlet (fail open) 300 psig ACME CV15SPHAROP10EA

MV 240 Ar Condensers - Cryostat to condensers inlets 300 psig ACME V-1060-300-SL-X-10

PV 256 Ar
Condensers - Outlet directly to cryostat (fail 

open)
300 psig ACME CV15NOHAROP10EA

PV 300 Ar
Pump Skid - Cryostat to pump suction shutoff 

valve (fail closed)
300 psig ACME CV2000HAROP10EA

PV 815 Ar Cooldown - Cryostat inlet (fail closed) 300 psig ACME CV2000HAROP10EA

PV 816 Ar Cooldown - Cryostat outlet (fail closed) 1500 psig Sharpe 2''-C99-6-6-R-T-BW10/SR/NC
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smaller 

Pipe Butt Weld 
Fittings, ¾” and 

smaller 
Swagelok 

SS-16MPW-A-6TSW 
series 

5900 psig 

 

3.6) Listed Components 

The listed components other than pipe fittings are below: 

Description 
Manufacturer / 

Distributor 
Model Number Pressure Rating 

1 1/2” 150# Flange, 
304SS 

-- -- 275 psig 

2” 150# Flange, 304SS -- -- 275 psig 

4” 150# Flange, 304SS -- -- 275 psig 

 

4.0) Piping Design and Analysis 

4.1) Pressure Design 

Calculations used to determine the minimum wall thicknesses of pipes and tubes can be 

found in Appendix C.  All pipes and tubes in the MicroBooNE Cryostat Piping system are shown 

to have sufficient wall thickness for the design pressure and temperature.  The calculations 

shown in Appendix C are generic and apply to all MicroBooNE piping notes, therefore the design 

pressures and temperatures used to not specifically match this note.  However, this system is 

within the range of pressures and temperatures the calculations were performed at. 

  

  

4.2) Thermal Design 

The thermal stresses in the piping connected to the condensers and to and from the pump 

(Nozzles 7, 13 and 14) are evaluated and found to be acceptable in the MicroBooNE Pump 

Suction-Discharge Piping Engineering Note (document database #2581).  The thermal stresses in 

the piping for the gas cool-down (Nozzles 11 and 12) are evaluated and found to be acceptable 

in the MicroBooNE Cool-down Piping Engineering Note (document database # 2583). 

The bottom pressure sensing line on the cryostat is a ¾” sch 40 pipe that rises vertically next 

to the cryostat. Above the cryostat liquid level, the pipe converts to ¼” tubing. There is no flow 

in the sensing line and it is free to move, preventing thermal stresses. 
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The remaining section of cryostat piping is the vent pipe at the top of the cryostat 

connected to cryostat nozzle #5. Figure 4.1 below shows the Cryostat Vent Support Assembly 

(Fermilab dwg # 497430) supporting the cryostat relief valves and diverter valves. Four vertical 

compression springs support the weight of the valves while accommodating the vertical 

contraction of the cryostat as in cools down to ~90K. The cryostat is anchored at the saddle 

below the relief valve assembly. The use of four springs in the support allows for angular 

misalignment. The Cryostat Vent Support Assembly is mounted on a rigid platform above the 

cryostat. 

The 6” vent line on the discharge side of the relief valves has a vertical and a horizontal 

flexible hose allowing relative motion of the connected components in all directions and angles. 
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Fig. 4.1 View of the supports of the Cryostat relief valves and diverter valves.  
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5.0) Pressure Relief System 

The MicroBooNE Cryostat Piping has three relief valves. The relief valve PSV-152 is a small 

operational relief intended to keep the cryostat pressure within acceptable limits if the condensers are 

not operational. The two main relief valves PSV-132 and PSV-135 protect the cryostat and all of the 

cryostat piping. The diverter valves, MV-130 and MV-148, select one or the other relief valve so that 

either PSV-132 or PSV-135 is always protecting the cryostat. The Relief valve sizing calculations for the 

cryostat are found in the Cryostat Pressure Vessel Engineering Note in MicroBooNE document database 

#2170. 

 PSV-132: 

Manufacturer:  Crosby  JBS-E-32-J 

Set Pressure:  30 psig 

Relief Capacity:  2434  SCFM Air 

Relief Design Code:  ASME BPVC VIII D1 

 PSV-135: 

Manufacturer:  Crosby  JBS-E-32-J 

Set Pressure:  30 psig 

Relief Capacity:  2434 SCFM Air 

Relief Design Code:  ASME BPVC VIII D1 

 PSV-152: 

Manufacturer:  Circle Seal model 5180B-6MP-10 

Set Pressure:  10 psig 

Relief Capacity:  9 SCFM Air @ 16.5 psig 

Relief Design Code:  ASME B31.3 

 

6.0) Welding and Inspections 

The MicroBooNE Cryostat Piping was fabricated in sections at Lab F as illustrated by the fabrication 

drawings.  All piping was examined at Lab F before final welding at the LARTF enclosure per ASME B31.3 

Section 341.  In process visual inspection on a weld by weld basis was used per Section 341.4.1(b)(1).  All 

stainless steel piping is covered by WPS SS-9-001 and all stainless steel tubing is covered by WPS SS-8-

001, R1.   An Argon shield was used on all welds and brazed joints, with the applicable welders being Bill 

Gatfield and Ryan Mahoney.  All weld inspection, welder qualification, and welding procedure 

documentation can be found in the Microboone docdb #2578.   

 

On the final closure welds for the final welds attaching cryostat piping assemblies to the cryostat 

nozzle, there was a final pressure test of the entire vessel and all welds were inspected in-process. 
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7.0) Pressure Testing 

Pressure testing of the Microboone Cryostat Piping shall be performed in accordance with Section 

5034 of the Fermilab ES&H Manual and ASME B31.3 Section 345.5.  The piping shall be pneumatically 

tested at 110% of the design pressure, 33 psig for the 30 psig rated system.  See Appendix D for all 

pressure testing documentation.   



Appendix A 

Piping and Instrumentation Diagram 

 

See following pages for: 

• Piping and Instrumentation Diagram with Separate Normal Fluid Piping Systems 
Highlighted 
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Appendix B 

Fabrication Drawings 

 

See following pages for: 

• Val-Fab DWG # 1203-727, sheet 1-8 

• DWG:   #497340 – Cryostat vent from Nozzle #5 

• DWG:  #493181 – Cool-down gas inlet, Nozzle #11 

• DWG:  #493136 – Pump Suction, Nozzle #14 

• DWG:  #493111 – Gas to Condenser, Nozzle #7 

• DWG:  #489995 – Liquid Argon From Pump Discharge, Nozzle #13 

• DWG:  #493144 – Cool-down Gas outlet, Nozzle #12 
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Appendix C 

Pipe/Tube Pressure Rating Calculations 
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ASME B31.3 Required Wall Thickness

and Listed Components 
Robert Sanders

July 2, 2013

 (1.0)  Introduction

This document calculates the required wall thickness in straight pipe and tubes in accordance with ASME B31.3-2010 for pipe

and tube sizes used in the MicroBooNE cryogenic system. Each section calculates the required wall thickness for a material

type and design pressure and temperature range over range of sizes.

 (1.1)  Table of Contents:

This document is divided into the following sections:

1.0 - Introduction

2.0 - Stainless Steel,Pipe and Tube, 250 psig

3.0 - Staniless Steel Pipe, 2500 psig

4.0 - Copper Pipe/Tube, 250 psig

 (1.2)  Equations and Functions Used

This document calculates the required wall thickness in straight pipe in accordance with ASME B31.3-2010.  Use equation

section 304.1.2 3a to determine the required wall thickness for straight pipe under internal pressure

treq
P D×

2 S E× W× P Y×+( )×
:=

Where the

P = internal gage pressure

D = outside diameter of pipe

S = stress value for material from Table A-1

E = quality factor from Table A-1A or A-1B

W = weld joint strength reduction factor

Y = coefficient from Table 304.1.1

treq = required wall thickness

.  

In the calculation sections, the following function is used to flag any case where the actual wall thickness is insufficient.

IsItOK true( ) "OK, actual wall thickness greater than required" trueif

"HOUSTON, WE HAVE A PROBLEM:   INSUFFICIENT WALL THICKNESS" otherwise

:=



 (2.0)  Stainless Steel 250 psig

The materials and design conditions are listed below

Material : 304SS or SS304L

Design Pressure: P 250psi:=

Minimum Temperature: Tmin 320− F:=

Maximum Temperature: Tmax 500F:=

This section covers the pipe and tube used for the stainless steel pipe and tube in the following piping engineering notes. For

each engineering note in the list, the design pressure is less than or equal to P; the minimum temperature is equal to or greater

than Tmin  ,  and the maximum temperature is equal to or less than Tmax..  The stainless steel pipe and tube in all of these

piping notes have adequate wall thickness to satisfy the requirements of B31.3.

Class D Piping Engineering Note, DocDB#: 2580

Pump Suction/Discharge Piping Engineering Note, DocDB#: 2581

Cryostat Piping Engineering Note, DocDB#: 2582

Cooldown Piping Engineering Note, DocDB#: 2583

Liquid Nitrogen Piping Engineering Note, DocDB#: 2584

Filter Skid Piping Engineering Note, DocDB#: 2585

Hot Regeneration Gas Piping Engineering Note, DocDB#: 2586

Argon Gas Piping Engineering Note, DocDB#: 2588

 (2.1)  Values Used in Equations

P 250 psi=
Design pressure. 

 For SS304L tube or pipe, from B31.3 Table A-1: S304L 14700psi:=

For SS304 tube or pipe, from B31.3 Table A-1: S304 17500psi:=

For the stress value, use the lower value, that of

SS304L
S 14700psi:=

Quality factor from Table A-1A or (worse case) E 0.8:=

Weld joint strength reduction factor, from table

302.3.5, for austenitic stainless less than 950F
W 1.0:=

coefficient from Table 304.1.1, austenitic

stainless less than 900F
Y 0.4:=

 (2.2)  Range of Pipe and Tube Sizes

The calculations are for all pipe sizes range from 1/8" pipe to 10" pipe. The wall thickest used in all cases for the thinnest

possible schedule. For pipe sizes 3/8" and smaller that is schedule 10S was used. For all other pipe sizes, schedule 5 was

assumed. In all cases the available wall thickness exceeded the required wall thickness.

The tube calculations are for the smallest wall thickness for each outside diameter of tube used. The tubes OD's range from 1/8"

to 12". The wall thickest used in all cases for the thinnest used at MicroBooNE.  In all cases the available wall thickness

exceeded the required wall thickness.



 (2.3)  Calculations for Pipe Sizes

_________________________________________________________________________________________________________

 1/8" Sch 10S pipe Outside diameter: D 0.405in:= Actual wall thickness: ta 0.049in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00427 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1/4" Sch 10S pipe Outside diameter: D 0.540in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00569 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 3/8" Sch 10S pipe Outside diameter: D 0.675in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00711 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1/2" Sch 5S pipe Outside diameter: D 0.840in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
8.853 10

3−
× in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 3/4" Sch 5S pipe Outside diameter: D 1.040in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.011 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1" Sch 5S pipe Outside diameter: D 1.315in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.014 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1 1/4" Sch 5S pipe Outside diameter: D 1.660in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.017 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=



_________________________________________________________________________________________________________

 1 1/2" Sch 5S pipe Outside diameter: D 1.90in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.02 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 2" Sch 5S pipe Outside diameter: D 2.375in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.025 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 2 1/2" Sch 5S pipe Outside diameter: D 2.875in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.03 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 3" Sch 5S pipe Outside diameter: D 3.5in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.037 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 3 1/2" Sch 5S pipe Outside diameter: D 4.00in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.042 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 4" Sch 5S pipe Outside diameter: D 4.5in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.047 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 5" Sch 5S pipe Outside diameter: D 5.563in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.059 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=



_________________________________________________________________________________________________________

 6" Sch 5S pipe Outside diameter: D 6.625in:= Actual wall thickness: ta 0.109in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.07 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 8" Sch 5S pipe Outside diameter: D 8.625in:= Actual wall thickness: ta 0.109in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.091 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 10" Sch 5S pipe Outside diameter: D 10.750in:= Actual wall thickness: ta 0.134in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.113 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 (2.4)  Calculations for Tube Sizes

_________________________________________________________________________________________________________

 1/8" X 0.035"

Tube

Outside diameter: D 0.125in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00132 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1/4" X 0.035"

Tube

Outside diameter: D 0.25in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00263 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

________________________________________________________________________________________________________

 3/8" X 0.035"

Tube

Outside diameter: D 0.375in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00395 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=



_________________________________________________________________________________________________________

 1/2" X 0.035"

Tube

Outside diameter: D 0.5in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00527 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 5/8" X 0.035"

Tube

Outside diameter: D 0.625in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00659 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

________________________________________________________________________________________________________

 3/4" X 0.035"

Tube

Outside diameter: D 0.75in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.0079 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 7/8" X 0.035"

Tube

Outside diameter: D 0.875in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.00922 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1" X 0.035" Tube Outside diameter: D 1.000in:= Actual wall thickness: ta 0.035in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.01054 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

________________________________________________________________________________________________________

 1 1/4" X 0.035"

Tube

Outside diameter: D 1.25in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.01317 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1 1/2" X 0.035"

Tube

Outside diameter: D 1.5in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.01581 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=



_________________________________________________________________________________________________________

 2" X 0.065" Tube Outside diameter: D 2.000in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.02108 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

________________________________________________________________________________________________________

 3" X 0.065" Tube Outside diameter: D 3.0in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.03162 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 4" X 0.083" Tube Outside diameter: D 1.25in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.01317 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 6" X 0.083" Tube Outside diameter: D 6.0in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.06324 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 12" X 0.165" Tube Outside diameter: D 12.000in:= Actual wall thickness: ta 0.165in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.12648 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

________________________________________________________________________________________________________



 (3.0)  Stainless Steel 2500 psig

The materials and design conditions are listed below

Material : 304SS or SS304L

Design Pressure: P 2500psi:=

Minimum Temperature: Tmin 20− F:=

Maximum Temperature: Tmax 100F:=

This section covers the pipe and tube used for the stainless steel pipe and tube in the following piping engineering notes. For

each engineering note in the list, the design pressure is less than or equal to P; the minimum temperature is equal to or greater

than Tmin  ,  and the maximum temperature is equal to or less than Tmax..  The stainless steel pipe and tube in all of these

piping notes have adequate wall thickness to satisfy the requirements of B31.3.

Tube Trailer Piping Engineering Note, DocDB#: 2587

 (3.1)  Values Used in Equations

Design pressure. P 2.5 10
3

× psi=

S304L 16700psi:=
 For SS304L tube or pipe, from B3.13 Table A-1:

S304 20000psi:=
For SS304 tube or pipe, from B3.13 Table A-1:

For the stress value, use the lower value, that of

SS304L
S 16700psi:=

Quality factor from Table A-1A or (worse case) E 0.8:=

Weld joint strength reduction factor, from table

302.3.5, for austenitic stainless less than 950F
W 1.0:=

coefficient from Table 304.1.1, austenic

stainless less than 900F
Y 0.4:=

 (3.2)  Range of Pipe and Tube Sizes

The calculations are for 1/2" schedulue 10S pipe.  Seamless pipe was used. The calculations conservatively assume there is a

seam.

 (3.3)  Calculations for Pipe Sizes

_________________________________________________________________________________________________________

 1/2" Sch 10S pipe Outside diameter: D 0.840in:= Actual wall thickness: ta 0.083in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.073 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________



 (4.0)  Copper Pipe/Tube 250 psig

The materials and design conditions are listed below

Material : Copper, ASTM spec B88 and B75

Design Pressure: P 250psi:=

Minimum Temperature: Tmin 320− F:=

Maximum Temperature: Tmax 100F:=

This section covers the coper pipe/tube for the following piping engineering notes.  The copper pipe has adequet wall

thickness to satisfy the requirements of B31.3.

Liquid Nitrogen Piping Engineering Note, DocDB#: 2584

Argon Gas Piping Note, DocDB# 2588

Pump Suction/Discharge Piping Note, DocDB# 2581

 (4.1)  Values Used in Equations

Design pressure. 

SB75 6000psi:=
For ASTM B75 tube, from B31.3 Table A-1:

SB88 6000psi:=
For ASTM B88 pipe, from B31.3 Table A-1:

Both values are the same S 6000psi:=

Quality factor from Table A-1A ,seamless E 1.0:=

coeffient from Table 304.1.1, other ductile

materials
Y 0.4:=

 (4.2)  Range of Pipe and Tube Sizes

The calculations are for 1" and 1 1/2" Type K pipe.

 (4.3)  Calculations for Pipe Sizes

_________________________________________________________________________________________________________

 1" Type K

Copper pipe 

Outside diameter: D 1.250in:= Actual wall thickness: ta 0.065in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.026 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=



_________________________________________________________________________________________________________

 1 1/2" Type K

Copper pipe 

Outside diameter: D 1.625in:= Actual wall thickness: ta 0.072in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.033 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1/4" x 0.032"

Copper Tube

Outside diameter: D 0.25in:= Actual wall thickness: ta 0.032in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
5.123 10

3−
× in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1/2" x 0.032"

Copper Tube

Outside diameter: D 0.5in:= Actual wall thickness: ta 0.032in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.01 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 3/4" x 0.032"

Copper Tube

Outside diameter: D 0.75in:= Actual wall thickness: ta 0.032in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.015 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=

_________________________________________________________________________________________________________

 1" x 0.032"

Copper Tube

Outside diameter: D 1in:= Actual wall thickness: ta 0.032in:=

Required wall thickness: treq
P D×

2 S E× P Y×+( )×
0.02 in×=:=

IsItOK ta treq>( ) "OK, actual wall thickness greater than required"=
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Appendix D 

Pressure Test Documents 

See following pages for: 

 Pressure Test Procedure 

 Pressure Test Permits 

 



MicroBooNE Cryostat Piping Pressure Testing 

There are six subassemblies for the cryostat piping that need pressure tested to 33 psig. The sub-

assemblies are listed below. The pressure tests must be done before welding the subassemblies to the 

cryostat. The last weld, to the cryostat, will be radiographed and not pressure tested. 

 See the sections below for descriptions and procedures. 

 Always fill out a pressure test permit. ES&H signature required 

 Place the sticker somewhere visible on the piping. Write valve numbers which contain the 

tested signature directly on the sticker 
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