
 

FESHM 5031.1 PIPING ENGINEERING NOTE FORM 
 
Prepared by:  Russ Rucinski Preparation Date:  Feb. 12, 2015 
 
Piping System Title:  LArIAT cryo system at MC7 
 
Lab Location:  Meson Center Enclosure 7 Lab Location code:  426 
 
Purpose of system / System description:  Fill & maintain LArIAT detector cryostat with 
liquid argon. 
 
Piping System ID Number: TeamCenter EN01747 
 
Appropriate governing piping code:  B31.3 
 
Fluid Service Category (if B31.3): Category-D / Normal / Category-M / High Pressure 
 
Fluid Contents: Liquid Argon, Gas Argon 
 
Design Pressure: 30 psig piping connected to cryostat 
                            100 psig LAr piping up to HV-300-A and HV-303-A 
                            100 psig regeneration piping and analyzer rack 
                            150 psig particulate filter 
 
Design Temperature: LAr piping, -325 F to 100 F 
                                   Regeneration piping, -20 F to 100 F 
 
Piping Materials: Stainless steel 
 
Drawing Numbers:  Flow Schematic is 9212.100-ME-497449, 3 sheets 
                                 MC7 layout is 9211.520-ME-493650  
 
Designer/Manufacturer:  Fermilab, PPD/MD 
 
Test Pressure:    1.1(45 psia) = 49.5 psia = 35 psig piping connected to cryostat 
                           1.1(115 psia) = 126.5 psia =112 psig supply piping 
                           1.1(165 psia) = 181.5 psia = 167 psig particulate filter 
                         
Test Fluid: Argon gas Test Date:  February 24, 2015 
 
Statement of Compliance 
 
Is this piping system considered exceptional?     Yes ____  No_X_ 
If “Yes”, follow the requirements for an Extended Engineering Note for Exceptional Piping 
Systems. 
  
Reviewed by: __________________________________________ 

(Print Name) 
Signature:  _____________________________________________Date: _____________ 
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Signature: See Teamcenter Workflow Approval 
 
 
D/S Head's Signature:  ___________________________________Date: _____________ 
Signature: See Teamcenter Workflow Approval 
 
 
The following signatures are required for exceptional piping systems: 
 
ES&H Director's Signature:  _______________________________Date: _____________ 
 
Director's Signature or Designee:  __________________________Date: _____________ 
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Pipe Characteristics 
 
Size: 1” sch. 10 stainless pipe Length: ~ 44 feet Total Volume: < 1 ft^3 
Size:  ½” sch. 10 stainless pipe 
Size: 1” OD tube x 0.095” wall, stainless, regeneration piping 
Size:  0.25” OD x 0.035” wall, stainless, instrumentation tubing 
 
Relief Valve Information 
 
Type: Direct Spring loaded Manufacturer: Circle Seal & Anderson Greenwood &
                         Rockwood Swendeman 
 
Set Pressure: 100 psig (PSV-591-A, LAr supply)  Relief Capacity: 366 scfm air 
                      100 psig (PSV-406-H, Regen gas)         Relief Capacity: 282 scfm air  
                      100 psig (PSV-109-A, filter)         Relief Capacity: 282 scfm air 
                      15 psig (PSV-202-A, cryostat)               Relief Capacity 50 scfm air @ 19 psig 
                      150 psig (PSV-309-A, filter)  Relief Capacity: 72 scfm air 
  
Relief Design Code: CGA S1.3 and ASME 
 
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 

. 
Fabrication Quality Assurance 
 
List vendor(s) for assemblies welded/brazed off site:  Applied Energy Systems provided the 
Gas Analyzer distribution rack.  Reference MicroBooNE-doc-2250-v1 
 
List welder(s) for assemblies welded/brazed in-house:  Dan Knight, Fermilab Technical 
Division Welders. 
 
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. 
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Description of System 
 
The purpose of this piping system is to deliver liquid argon to a cryostat 
containing a particle tracking detector.  Liquid argon is supplied from a vendor 
rented dewar.  The liquid argon piping transfers the liquid from the vendor 
dewar to a filter, and then into the cryostat that contains the particle detector.  
The liquid level is controlled such that only gas leaves the cryostat and is 
vented outdoors.   
 
The normal operating pressure of the vendor dewar is expected to be about 60 
psig.  The normal operating pressure of the cryostat will be 3 psig.  The peak 
flow of liquid argon will occur during cool down and filling at a rate of about 
100 liquid liters per hour.  After the cryostat is full, the 300 watts heat load of 
the system necessitates a make-up flow rate of only 5 liquid liters per hour.  The 
liquid argon dewar is 500 gallon (1893 liters) capacity.  A weekly fill is 
expected from the vendor.  
 
The liquid argon dewar is also the source of gas argon used for valve actuators 
(LCV-105-A and PCV-220-A) and for filter regeneration purposes.  The peak 
flow rates for regeneration are 500 scfh.  A tube trailer is also used for filter 
regeneration and provides a 2.5%H2, balance argon gas mix at a pressure of 
about 60 psig and maximum peak flow of 500 scfh.  
 
The design pressure of the liquid argon piping and regeneration piping is 100 
psig, up to the cryostat and 30 psig for piping connected to the cryostat.  
Standard piping components, 1” schedule 10 and ½” schedule 10 stainless steel 
pipe are used for the supply piping with the exception of 2.75” OD conflat 
flanges at the filter.  Foam insulation is used on the cryogenic lines except for 
the filters and cryostat which are vacuum jacketed. 
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Figure 1.  Simplifed flow schematic of the system. 
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Flow Schematics, FNAL drg. 9212.100-ME-497449, sheets 1 thru 3 
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Component List 
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Service Description 

 
 
 
Instrument Type 

Operating 
Range or 
Setpoint 

 

Pressure 
Rating 

 
 
 

 

 
 
 

  

 

 
 

LCV 105 A SHT-2 5- D LAr supply level control valve Actuated level control valve 0-100% 2500 psig    
      

PSV 108 V SHT-2 4- D filter insulating vacuum parallel plate relief ~0.25 psid 1 atm        

PSV 109 A SHT-2 4- D filter relief valve 100 psig 400 psig     

HV 110 A SHT-2 6- E cryostat LAr supply/return VJ manual valve NA     

PI 116 A SHT-2 4- E filter local pressure indicator vac - 160 psig 160 psig    

PT 117 A SHT-2 4- E filter pressure transmitter 0 - 250 psia 250 psia    

HV 118 A SHT-2 4- E filter pressure instrumentation isolation manual valve (diaphragm) NA 250 psig    

PSV 177 V SHT-2 6- F LAr Supply VJ relief relief valve 10 2400 psig     

PIT 178 V SHT-2 6- F filtered liquid return at cryostat pressure transmitter 1E-4 to 1E3 Torr      

             

TE 190 A SHT-2 4- D filter bed temperature (top) 100 ohm platinum RTD NA 400 psig     

TE 191 A SHT-2 4- D filter bed temperature 100 ohm platinum RTD NA 400 psig     

TE 192 A SHT-2 4- D filter bed temperature 100 ohm platinum RTD NA 400 psig     

TE 193 A SHT-2 4- D filter bed temperature 100 ohm platinum RTD NA 400 psig     

TE 194 A SHT-2 4- D filter bed temperature (bottom) 100 ohm platinum RTD NA 400 psig     

PIT 195 V SHT-2 5- D Filter housing vacuum jacket Vacuum transducer/gauge 1E-4 to 1E3 Torr      

             

PSE 201 A SHT-2 7- D cryostat relief rupture disk 30 psig 275 psig     

PSV 202 A SHT-2 7- D cryostat relief relief valve 15 psig 2400 psig    

HV 203 A SHT-2 7- D cryostat pressure instrumentaiton 
isolation manual valve (diaphragm) NA 250 psig    

HV 205 A SHT-2 7- C cryostat pressure instrumentaiton 
equalization manual valve (diaphragm) NA 250 psig    

HV 206 A SHT-2 7- C cryostat pressure instrumentaiton 
isolation manual valve (diaphragm) NA 250 psig    

LI 207 A SHT-2 7- C cryostat level local level indicator      

LT 208 A SHT-2 7- C cryostat level level transmitter (dP) 0-7.5 psid (0-16.67 
ft) 500 psi    

LT 209 A SHT-2 6- D cryostat level level transmitter (capacitance) 0 - 6" 100 psig    

HV 210 A SHT-2 5- D cryostat top flange between seal ports manual valve (bellows) NA 1000 psig    

HV 211 V SHT-2 5- D cryostat end flange between seals port manual valve (bellows) NA 1000 psig    

TE 212 A SHT-2 6- C cryostat metal temperature 100 ohm platinum RTD NA       

TE 213 A SHT-2 6- C cryostat bottom metal temperature 100 ohm platinum RTD NA       

TE 214 A SHT-2 6- C cryostat neck metal temperature 100 ohm platinum RTD NA       
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HV 217 V SHT-2 6- B cryostat inner side flange double seal manual valve (bellows) NA 1000 psig    

PI 218 A SHT-2 7- D crysotat vapor pressure local pressure indicator      

PT 219 A SHT-2 7- D cryostat vapor pressure pressure transmitter 0 - 50 psia 50 psia    

PCV 220 A SHT-2 6- F cryostat over pressure vent Actuated pressure control valve 0-100% 1500 psig         

HV 221 A SHT-2 7- D cryostat vapor sample near feed thru 
isolation, sample pt. 801 manual valve (diaphragm) NA 250 psig    

HV 222 A SHT-2 7- D cryostat vapor sample near liquid 
isolation, sample pt. 801 manual valve (diaphragm) NA 250 psig    

HV 223 A SHT-2 7- D cryostat liquid sample isolation, sample 
pt. 801 manual valve (diaphragm) NA 250 psig    

V 227 A SHT-2 6- E cryostat vent check valve NA     

HV 228 A SHT-2 6- E cryostat vent manual valve NA 400 psig    

PSV 250 V SHT-2 7- C Cryostat vacuum jacket relief valve parallel plate relief 0     

HV 251 V SHT-2 7- C Cryostat vacuum jacket pump out manual valve      
HV 255 A SHT-2 6- D cryostat neck fill port manual valve (bellows) NA 1000 psig    

             

PSV 259 V SHT-2 6- D cryostat end flange trapped volume relief relief valve 10 2400 psig     

PSV 260 V SHT-2 6- B cryostat side flange trapped volume 
relief relief valve 10 2400 psig     

PIT 263 V SHT-2 7- C Cryostat vacuum jacket pressure Vacuum transducer/gauge 1E-4 to 1E3 Torr      

PIT 264 V SHT-2 6- B cryostat seal vacuum pressure transmitter 1E-4 to 1E3 Torr      

PIT 265 V SHT-2 6- C cryostat seal vacuum pressure transmitter 1E-4 to 1E3 Torr      

PIT 266 V SHT-2 6- D cryostat seal vacuum pressure transmitter 1E-4 to 1E3 Torr      

HV 267 V SHT-2 6- E cryostat active vacuum vent manual valve  1 atm    

PU 268 V SHT-2 6- E cryostat vacuum dry scroll pump pump      

PIT 269 V SHT-2 6- D cryostat vacuum pump input pressure transmitter 1E-4 to 1E3 Torr      

HV 270 V SHT-2 5- C cryostat vacuum header isolation manual valve  1 atm    

PSV 271 V SHT-2 5- C Vacuum header relief valve relief valve 0 psig       

             

HV 300 Ar SHT-2 3- D LAr transfer line filter bypass Manual valve  150 psig    

HV 301 Ar SHT-2 3- D LAr transfer line filter isolation Manual valve  150 psig    

FL 302 Ar SHT-2 3- D LAr transfer line filter Particulate filter  150 psig     

HV 303 Ar SHT-2 3- D LAr transfer line filter isolation Manual valve  150 psig    

HV 305 Ar SHT-2 3- D LAr transfer line filter pressure gauge 
equalizer Manual valve  6000 psi      

PDI 306 Ar SHT-2 3- D LAr transfer line filter pressure drop Differentional Pressure gauge  500 psig    

PI 307 Ar SHT-2 3- D LAr transfer line filter upstream pressure Pressure gauge  min. 200 ps      
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HV 308 Ar SHT-2 3- D LAr transfer line filter vent Manual valve  2000 psig    

PSV 309 Ar SHT-2 3- D LAr transfer line filter pressure relief Relief valve 150 psig SP     

             

PR 400 H SHT-2 1- D Ar/H2 from trailer pressure regulator 50 3000 psig    

HV 401 H SHT-2 1- D H2/Ar pressure instrumentation manual valve NA 3500 psig    

PI 402 H SHT-2 1- D regeneration gas trailer pressure local pressure indicator NA 3000 psig    

PI 404 H SHT-2 1- D Ar/H2 from trailer pressure indicator on regulator 0 - 4000 psig 4000 psig    

PI 405 H SHT-2 1- D Ar/H2 from trailer pressure indicator on regulator vac - 200 psig 200 psig      

PSV 406 H SHT-2 1- D Ar/H2 from trailer relief relief valve 100 psig 400 psig     

HV 407 H SHT-2 1- D Ar/H2 from trailer manual valve NA 1000 psig    

HV 408 H SHT-2 1- D Trailer hose blowdown manual valve      
 

FL 

 

409 

 

H 

 

SHT-2 

 

4- 

 

G 

 

filter regeneration H2/Ar supply 

 

particulate filter 
     

 

PI 

 

410 

 

H 

 

SHT-2 

 

4- 

 

G 

 

filter regeneration H2/Ar supply 

 

local pressure indicator 

 

vac - 160 psig 

 

160 psig 

 

 

 

 

 

 

 
HV 

 
411 

 
A 

 
SHT-2 

 
4- 

 
F 

 
filter regeneration heater isolation 

 
manual valve (ball valve) 

 
NA 

 
1000 psig 

 
 

 
 

 
 

HE 412  SHT-2 4- F filter regeneration gas heater NA 100 psig    

TE 413  SHT-2 4- F regen gas heater (gas flow) Type K TC NA 100 psig    

TE 414  SHT-2 4- F regen gas heater (heater surface) Type K TC NA 100 psig    

TE 415  SHT-2 4- F regen gas heater (gas flow) Type K TC NA external to 
process    

HE 416  SHT-2 4- F filter regeneration gas heater NA 100 psig    

TE 417  SHT-2 4- F regen gas heater (gas flow) Type K TC NA 100 psig    

TE 418  SHT-2 4- F regen gas heater (heater surface) Type K TC NA 100 psig    

TE 419  SHT-2 4- F regen gas heater (gas flow) Type K TC NA external to 
process    

HV 420 A SHT-2 4- E filter regeneration pumpout manual valve (ball valve) NA 1000 psig    

TE 421 A SHT-2 4- E filter regeneration inlet temperature Type K TC NA 100 psig    

HV 422 A SHT-2 4- D filter regeneration inlet isolation manual valve (bellows) NA 2500 psig    

HV 423 A SHT-2 4- D filter discharge gas sample manual valve (diaphragm) NA 250 psig    

FCV 424 H SHT-2 4- G filter regeneration argon supply gas mass flow controller 0 - 30 SCFM 160 psia      

HV 425 A SHT-2 5- E filter regeneration vent isolation manual valve (bellows) NA 2500 psig    

HV 426 A SHT-2 5- E filter regeneration vent gas sample manual valve (diaphragm) NA 250 psig    

12 
 



 

 
HV 

 
427 

 
A 

 
SHT-2 

 
4- 

 
F 

 
filter regeneration heater isolation 

 
manual valve (ball valve) 

 
NA 

 
1000 psig 

 
 

 
 

 
 

 

PI 

 

428 

 

H 

 

SHT-2 

 

4- 

 

F 

 

filter regeneration H2/Ar supply 

 

local pressure indicator 

 

vac - 160 psig 

 

160 psig 

 

 

 

 

 

 

             

FL 570 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
Building loop strainer Filter         

HV 572 A SHT-1 4- E 500 Gallon Argon Dewar - vaporizer 
regulator isolation valve manual valve         

HV 573 A SHT-1 4- E 500 Gallon Argon Dewar - PI574 
isolation valve manual valve         

PI 574 A SHT-1 4- E 500 Gallon Argon Dewar - Gas Argon 
supply pressure at dewar pressure indicator         

V 575 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
supply check valve check valve         

HV 576 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
vent manual valve         

HV 577 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
pressure regulator block valve manual valve         

PR 578 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
supply pressure regulator pressure regulator         

PSV 579 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
trapped volume relief relief valve         

HV 580 A SHT-1 4- E 500 Gallon Argon Dewar - manual block 
valve for pressure control regulator manual valve         

HV 581 A SHT-1 4- E 500 Gallon Argon Dewar - relief test port manual valve         

HV 582 A SHT-1 4- E 500 Gallon Argon Dewar - Relief device 
diverter valve manual valve         

HV 583 A SHT-1 4- E 500 Gallon Argon Dewar - relief test port manual valve         

HV 584 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
Builder block valve manual valve         

V 585 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
Builder loop check valve check valve         

PSE 587 A SHT-1 4- E 500 Gallon Argon Dewar - Secondary 
burst disk rupture disk 316 psig        

PSE 588 V SHT-1 4- E 500 Gallon Argon Dewar - Vacuum 
jacket relief device relief valve 316 psig        

HV 589 A SHT-1 4- E 500 Gallon Argon Dewar - LI and PI 
instrumentation isolation manual valve         

HV 590 A SHT-1 4- E 500 Gallon Argon Dewar - LI and PI 
instrumentation isolation manual valve         

PSV 591 A SHT-1 4- E 500 Gallon Argon Dewar - LAr 
withdrawal trapped volume relief relief valve         

HV 592 V SHT-1 4- E 500 Gallon Argon Dewar - Vauum 
Jacket pump down valve manual valve         

HV 594 V SHT-1 4- E 500 Gallon Argon Dewar - Vauum 
Jacket pressure gage isolation valve manual valve         

HV 595 V SHT-1 4- E 500 Gallon Argon Dewar - Vauum 
Jacket pump down valve manual valve         

PSV 596 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
builder trapped volume relief relief valve         

PR 597 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
building pressure regulator regulator         

PSV 598 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
builder trapped volume relief relief valve         
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PSV 599 A SHT-1 4- E 500 Gallon Argon Dewar - Fill line 
trapped volume relief relief valve         

             

AT 605 A SHT-2 5- E filter regeneration vent gas sample dewpoint meter -80 to +20 C 290 psia    

AT 606 A SHT-3 4- C gas analyzers dewpoint meter -60 to +20 C 290 psi    

AT 607 A SHT-3 4- B gas analyzers oxygen analyzer 0 - 10,000 ppm 30 psig     

AT 608 A SHT-3 6- B gas analyzers water analyzer 0 - 20 ppm 125 psig      

AE 609 A SHT-3 6- B gas analyzers (AT-608 output) dewpoint meter -80 to +20 C 290 psia    

AT 610 A SHT-3 6- C gas analyzers nitrogen analyzer 0 - 100 ppm 30 psig        

AT 611 A SHT-3 6- E gas analyzers oxygen analyzer 0 - 50 ppm 30 psig     

             

FL 650 A SHT-2 4- G Particulate filter gas argon supply from 
500 gal. dewar filter      

HV 651 A SHT-1 3- D Gas argon sample point 809 to analyzer manual valve      

PI 652 A SHT-2 4- G filter regeneration argon supply local pressure indicator vac - 160 psig 160 psig    

FCV 653 A SHT-2 4- G filter regeneration argon supply gas mass flow controller 0 - 30 SCFM 160 psia      

             

V 670 A SHT-1 4- E 500 Gallon Argon Dewar - Fill line check 
valve check valve         

HV 671 A SHT-1 4- E 500 Gallon Argon Dewar - Top fill 
isolation valve manual valve         

HV 672 A SHT-1 4- E 500 Gallon Argon Dewar - Bottom fill 
isolation valve manual valve         

HV 673 A SHT-1 4- E 500 Gallon Argon Dewar - Top fill main 
block valve manual valve         

HV 674 A SHT-1 4- E 500 Gallon Argon Dewar - Bottom fill 
main block valve manual valve         

HV 675 A SHT-1 4- E 500 Gallon Argon Dewar - Bypass valve 
for pressure/level instruments manual valve         

HV 676 A SHT-1 4- E 500 Gallon Argon Dewar - Vaporizer 
main block valve manual valve         

HV 677 A SHT-1 4- E 500 Gallon Argon Dewar - Delivery 
pressure regulator bypass valve manual valve         

HV 678 A SHT-1 4- E 500 Gallon Argon Dewar - Fill line vent 
valve manual valve         

LI 679 A SHT-1 4- E 500 Gallon Argon Dewar - Inner vessel 
level indicator level gauge         

PI 680 A SHT-1 3- C 500 Gallon Argon Dewar - Inner vessel 
pressure indicator local pressure indicator         

PR 681 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
building loop backpressure regulator pressure regulator 185 psig        

PSV 682 A SHT-1 4- E 500 Gallon Argon Dewar - Primary relief 
valve relief valve 240 psig        

PSV 683 A SHT-1 4- E 500 Gallon Argon Dewar - Secondary 
relief valve relief valve 240 psig        

PSE 684 A SHT-1 4- E 500 Gallon Argon Dewar - Primary burst 
disk rupture disc 316 psig        

LT 686 A SHT-1 4- E 500 Gallon Argon Dewar - Level 
transmitter level transmitter       
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PT 687 A SHT-1 4- E 500 Gallon Argon Dewar - Pressure 
transmitter pressure transmitter       

HV 690 A SHT-1 4- E 500 Gallon Argon Dewar - Liquid 
withdrawal valve manual valve         

HV 691 A SHT-1 4- E 500 Gallon Argon Dewar - Manual 
blowdown manual valve         

PR 692 A SHT-1 4- E 500 Gallon Argon Dewar - Blowdown 
loop backpressure regulator to pressure regulator         

PE 693 V SHT-1 4- E 500 Gallon Argon Dewar - Vacuum 
jacket transmitter port vacuum readout         

             

HV 700 A SHT-3 4- E gas analyzers - vacuum pump isolation manual valve      

HV 701 A SHT-3 4- E gas analyzers - vacuum pump line purge manual valve  3000 psig     

HV 702 A SHT-3 4- E gas analyzers - vacuuum pump isolation manual valve  3000 psig     

HV 703 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 704 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 705 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 706 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 707 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 708 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 709 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 710 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 711 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 712 A SHT-3 5- E gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 713 A SHT-3 5- D gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 714 A SHT-3 5- D gas analyzers - sample line to vacuum 
pump manual valve  3000 psig     

HV 715 A SHT-3 5- C gas analyzers - dewpoint meter isolation manual valve  3000 psig     

HV 716 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 717 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 718 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 719 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 720 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 721 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 722 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 723 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 724 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

 
 

15 
 



 

 

Instr 
Code 

 

Tag 
# 

 

Serv. 
Code 

 
 
 
PID G

R
ID

 

LO
C

 

 
 
 
Service Description 

 
 
 
Instrument Type 

Operating 
Range or 
Setpoint 

 

Pressure 
Rating 

 
 
 

 

 
 
 

  

 

 
 

HV 725 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 726 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 727 A SHT-3 5- C gas analyzers - sample line to dewpoint 
meter manual valve  3000 psig     

HV 728 A SHT-3 5- B gas analyzers - O2 meter isolation manual valve  3000 psig     

HV 729 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 730 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 731 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 732 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 733 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 734 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 735 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 736 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 737 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 738 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 739 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 740 A SHT-3 5- B gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 741 A SHT-3 6- B gas analyzers - H2O meter isolation manual valve  3000 psig     

HV 742 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 743 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 744 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 745 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 746 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 747 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 748 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 749 A SHT-3 6- B gas analyzers - sample line to H2O 
meter manual valve  3000 psig     

HV 750 A SHT-3 6- C gas analyzers - N2 meter isolation manual valve  3000 psig     

HV 751 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 752 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 753 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 754 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 755 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 756 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     
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HV 757 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 758 A SHT-3 6- C gas analyzers - sample line to N2 meter manual valve  3000 psig     

HV 759 A SHT-3 6- E gas analyzers - O2 meter isolation manual valve  3000 psig     

HV 760 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 761 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 762 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 763 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 764 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 765 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 766 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 767 A SHT-3 6- E gas analyzers - sample line to O2 meter manual valve  3000 psig     

HV 768 A SHT-3 5- E gas analyzers - vacuum pump out manual valve  3000 psig     

V 769 A SHT-3 4- E gas analyzers - vacuum pump check valve  6000 psig    

V 770 A SHT-3 5- D gas analyzers - Dewpoint meter inlet check valve  6000 psig    

PR 771 A SHT-3 5- B gas analyzers - O2 meter inlet pressure regulator  5000 psig            

V 772 A SHT-3 5- B gas analyzers - O2 meter inlet check valve  6000 psig    

V 773 A SHT-3 6- B gas analyzers - H2O meter inlet check valve  6000 psig    

PR 774 A SHT-3 6- C gas analyzers - N2 meter inlet pressure regulator  5000 psig            

V 775 A SHT-3 6- C gas analyzers - N2 meter inlet check valve  6000 psig    

PR 776 A SHT-3 6- E gas analyzers - O2 meter inlet pressure regulator  5000 psig            

V 777 A SHT-3 6- E gas analyzers - O2 meter inlet check valve  6000 psig    

HV 778 A SHT-3 6- F gas analyzers - calibration gas manual valve  3000 psig     

V 779 A SHT-3 6- F gas analyzers - calibration gas inlet check valve  6000 psig    

HV 780 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

HV 781 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

HV 782 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

HV 783 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

HV 784 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

HV 785 A SHT-3 6- F gas analyzers - argon gas supply manual valve  3000 psig     

V 786 A SHT-3 6- F gas analyzers - argon gas supply check valve  3000 psig     
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HV 787 A SHT-3 6- F gas analyzers - sample line to vacuum 
pump manual valve  6000 ps     

HV 788 A SHT-3 6- F gas analyzers - sample line to vacuum 
pump manual valve  3000 ps      

PI 789 A SHT-3 5- E gas analyzers local pressure indicator vac - 160 psig 160 psi     

FL 790 A SHT-3 6- F O2 cartridge filter filter      

PI 790 A SHT-3 5- B O2 analyzer input pressure local pressure indicator      

PI 791 A SHT-3 6- C gas analyzers - N2 inlet local pressure indicator vac - 160 psig 160 psi     

PI 792 A SHT-3 6- E gas analyzers - O2 analyzer inlet local pressure indicator      

FI 793 A SHT-3 4- C Dew point meter outlet flow flow indicator      

FI 794 A SHT-3 4- B O2 analyzer flow flow indicator      

FL 795 A SHT-3 6- F H2O cartridge filter filter      

FL 796 A SHT-3 6- F O2 cartridge filter filter      

FI 797 A SHT-3 6- D O2 analyzer flow flow indicator      

FL 798 A SHT-3 5- E H2O cartridge filter filter      

PV 799  SHT-3 4- D gas analyzers vacuum pump vac - atm atm      

AE 819  SHT-3 2- F vicinity of equipment ODH O2 sensor 0-25% O2 atm    

AE 820  SHT-3 2- F vicinity of equipment ODH O2 sensor 0-25% O2 atm    

FS 821  SHT-3 2- E ODH blower outlet duct pressure differential switch 100-1000 
cm/sec atm    

HV 822 A SHT-3 3- G filter regeneration gas sample manual valve (diaphragm) NA 250 psi     

AE 823  SHT-3 2- F vicinity of equipment ODH O2 sensor 0-25% O2 atm    

AE 824  SHT-3 2- F vicinity of equipment ODH O2 sensor 0-25% O2 atm    

HV 840 A SHT-3 4- G gas analyzers manual valve (diaphragm) NA 250 psi     

HV 841 A SHT-3 4- G gas analyzers manual valve (diaphragm) NA 250 psi     

PI 842 A SHT-3 5- H gas analyzers pressure indicator vac - 60 psig 60 psig    

PT 843 A SHT-3 5- H gas analyzers pressure transmitter 0 - 100 psia 100 psi     

PI 844 A SHT-3 5- H gas analyzers pressure indicator vac - 60 psig 60 psig    

PT 845 A SHT-3 5- H gas analyzers pressure transmitter 0 - 100 psia 100 psi     

PSV 846 A SHT-3 5- H gas booster pump relief relief valve 40 psig     

V 847 A SHT-3 5- G gas analyzers check valve 1 psig     

HV 848 A SHT-3 5- G gas analyzers manual valve (diaphragm) NA 250 psi     

HV 849 A SHT-3 3- H gas analyzers manual valve (diaphragm) NA 250 psi     

HV 850 A SHT-3 3- H argon supply for analyzer booster pump manual valve (diaphragm) NA 250 psi     
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PCV 851 A SHT-3 3- H argon supply for analyzer booster pump pressure control valve 0 - 30 psig 300 psi     

PCV 852 A SHT-3 4- H gas analyzer booster pump inlet 
restriction control valve Cv max = 0.02 700 psi      

HV 853 A SHT-3 4- H gas analyzer booster pump manual valve (diaphragm) NA 250 psi     

PU 854 A SHT-3 5- H gas analyzer booster pump postive displacment pump 0 - 1.4 SCFM 40 psig       

HV 855 A SHT-3 3- G argon supply for analyzer booster pump manual valve (diaphragm) NA 250 psi     

HV 856 A SHT-3 5- G analyzer booster pump test flowmeter manual valve (diaphragm) NA 250 psi     

FCV 857 A SHT-3 5- G analyzer booster pump test flowmeter manual flow control valve      

PI 858 A SHT-3 4- H gas analyzers pressure indicator vac - 60 psig 60 psig    
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Piping Analysis 
 
Pipe Calculations  
 
(Parts of this text are adapted from the NML pressure piping note by Alex Martinez, AD, 
Fermilab).  All of the piping in the system consists of TP304/TP304L ASTM A312 stainless 
steel pipe and TP304/TP304L ASTM A269 stainless steel tubing. The allowable stress used 
for calculation is taken from B31.3 Table A-1, and is 20.0 ksi for TP304 and 16.7 ksi for 
TP304L austenitic stainless steels. For purposes of this analysis the more conservative value 
of 16.7 ksi will be assumed for all the calculations. 
 

)(2
*

PYSEW
DPt
+

=   ASME B31.3 section 304.1.2, Equation 3a 

Straight Pipe under Internal Pressure  
 
In this equation, t = pressure design thickness, E is the quality factor for the pipe or tube 
which is dependent on how the pipe or tube is manufactured. For ASTM A312 and ASTM 
A269 pipe and tube, these values are listed in Table A-1B. All the pipe in the system is 
fusion welded and the majority of the tube is seamless. In order to be conservative a value 
for E of 0.80 (fusion welded) was chosen for all cases. W is the weld joint strength reduction 
factor which applies only at elevated temperature and therefore is equal to 1.0. Y is a 
coefficient from table 304.1.1 and is given as 0.4 for austenitic stainless steels. 
 
Description Material Size P  design t minimum t actual 
Regeneration 
gas supply 

Stainless 
steel 

1” tube 100 psig 0.004” 0.095” 

Instrumentation 
tubing 

Stainless 
steel 

¼” OD 
tubing 

100 psig 0.001” 0.035” 

LAr supply 
pipe 

Stainless 
steel 

1” pipe 100 psig 0.005” 0.109” 

LAr supply 
pipe 

Stainless 
steel 

½” pipe 100 psig 0.003” 0.083 

 
As can be seen in the above table, very small wall thicknesses are required.  For practical 
fabrication and assembly purposes, all piping and tubing wall thicknesses and fittings are 
greater than the minimum required ~ 0.005”.  Further analysis is not warranted. 
 
Impact Testing 
 
Toughness test requirements in ASME B31.3-2008, table 323.2.2 column A-4 apply.  The 
design minimum temperature is taken at -325 F which is above the minimum temperature of 
-425 F listed for 18Cr-8Ni materials in Table A-1.   Weld metal deposits shall be impact 
tested.  The memo that follows in this piping note describes impact testing done to type 304 
stainless steel piping weld metal deposits and justifies that the testing is applicable to 
cryogenic piping in the future such as that in the LArIAT system. 
 

20 
 



 

 
 

21 
 



 

 
 

22 
 



 

 
 

23 
 



 

 
 
 
 

24 
 



 

Flanges 
 
Conflat flanges, 2.75” OD are used on the supply line at the inlet and outlet connections to 
the filter.  These flanges do not have a pressure rating but have been used successfully in 
cryogenic service at pressures exceeding 100 psig.  A pressure test of the flange has been 
performed to 375 psig which qualifies the flange to be used at 100 psig.  The pressure test 
record follows.  Other flanges used are 1” Class 150 flanges used at the connection of the 
supply piping to cryostat where the design pressure is only 30 psig. 
 
It was noted during the review of this note that ASME B31.3, par. 308.2.1 requires that slip 
on flanges used be double welded.  Initially the flanges used were full welded on the face 
side and tack welded on the back side.  As a result of this review, additional welding has 
been added to the back side of flanges to meet this requirement. 
 
 

 
Picture:  Foam insulated 1” pipe, LAr Supply, comes in from the right to LCV-105-A.  The 
2.75” OD conflat flange at inlet to filter can be seen.  This is before foam insulating. 
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Picture:  Filter outlet with 2.75” OD flange to 1” pipe.  This is before foam insulating. 
 
 
Existing Component 
 
The particulate filter between HV-301-A and HV-303-A was removed from the D-Zero 
helium refrigerator system.  It was formerly in liquid nitrogen service with a system design 
pressure of 150 psig.  In this piping system it will be used for liquid argon service.  The 
piping and relief and instrumentation used on this filter has not been changed from its 
previous service.  Under a trapped volume condition with HV-301-A and HV-303-A closed, 
the design pressure is 150 psig.  It is protected by a circle seal relief valve, PSV-309-A set at 
150 psig.  The relief capacity is 72 scfm as read from the capacity chart in the Circle Seal 
catalog.  The relief valve capacity required is 60 scfm for fire case.  See relief case section. 
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Picture:  Particulate filter re-used from the D-Zero helium refrigerator system. 
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Relief Valve Capacity Requirements 
 
During normal operation the piping is protected from overpressure by the relief devices on 
the liquid argon supply dewar, the molecular sieve filter, the particulate filter and the cryostat.  
These relief devices are properly sized for all operational and abnormal conditions.  When 
the piping is isolated from these vessels, a trapped volume of cryogenic fluid could occur and 
the piping is protected by relief valves on the piping itself.  The cryogenic pipe sections are 
now analyzed for the case of trapped volume and for the fire condition. 
 
1. Supply from LAr dewar, piping from HV-690 to LCV-105-A.   
This section of piping is 1” sch. 10 pipe, with 8” OD foam insulation.  The run is 
conservatively 44 feet long.  It is protected by PSV-591-A.   
 
The minimum required flow capacity can be calculated by applying CGA S-1.3-2008, Flow 
Capacities for conditions other than fire, section 6.2.2. 
 
Qa = [{0.383*(328-T)}/(922-T)]*F*Gi*U*A   
 
Where:   
T = LAr Saturation pressure at 100 psig = 113 Kelvin 
F = 1.0 correction factor 
Gi = 10.2 gas factor from table 1 at 100 psig 
 
U = Overall heat transfer coefficient 
U = thermal conductivity of foam/insulation thickness  
U = {[0.026 W/m-K]/0.085 m}*{1 kJ/1000 J}*{3600 s/1 hr} = 1.10 kJ/(hr-m^2-C) 
 
A= arithmetic mean of inner & outer surface area of the insulation = (Ao+Ai)/2 
Ao = pi*D*L = 3.14*0.203 m*12.2 m  =  7.78 m^2 
Ai = pi*D*L = 3.14*0.033 m*12.2 m = 1.26 m^2 
A = (Ao+Ai)/2 = 4.52 m^2 
 
Substituting into the equation for Qa;  Qa = 5.16 m^3/hr 
Converting from m^3/hr to scfm; 
Qa = (5.16 m^3/hr)*(35.3 ft^3/m^3)*(1 hr/60 min) = 3.0 scfm air 
 
The required relief capacity for fire can be calculated by applying CGA S-1.3-2008, Flow 
Capacities under fire conditions, section 6.3.2 Liquefied compressed gases, refrigerated 
fluids, and refrigerated cryogenic fluids in un-insulated or insulated containers.  A reasonable 
length that could be subject to fire is 22 feet.  This is because about 22 feet of the piping is 
outside MC7 and 22 feet is inside. 
 
Qa= F* Gu * A0.82 
 
Where:   
F = 1.0 correction factor. 
Gu = 59.   Gas factor from table 1 at 100 psig. 
A = surface area.  Pi*D*L=3.14*(1.315/12 ft)*22ft =7.6 ft^2. 
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Substituting, Qa = 310 scfm air. 
 
The relief valve PSV-591-A is an Anderson Greenwood, model 83CM68-8 set at 100 psig.  It 
has a capacity of 366 scfm at 10% overpressure and 432 scfm capacity at 21% overpressure.    
 

 
   
 
2.  Piping from LCV-105-A to HV-300-A and HV-301-A.   
This section of piping is protected by PSV-109-A on the filter skid.  PSV-109-A has a relief 
capacity of 282 scfm.  The piping cannot be isolated from the filter skid and is therefore 
protected as part of the pressure vessel.  A formal pressure vessel engineering note for the 
filter will ensure that this section of piping is adequately protected. 
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3.  Piping from HV-301-A to HV-303-A, the particulate filter.   
The particulate filter is protected by PSV-309-A.  The required relief capacity can be 
calculated by applying CGA S-1.3-2008, Flow Capacities under fire conditions, section 6.3.2 
Liquefied compressed gases, refrigerated fluids, and refrigerated cryogenic fluids in un-
insulated or insulated containers. 
 
Qa= F* Gu * A0.82 
 
Where:   
F = 1.0 correction factor. 
Gu = 64.   Gas factor from table 1 at 150 psig. 
A = surface area.  The vacuum jacket of the filter is 6” OD x 30” tall.  A = 4.0 ft^2 
 
Substituting, Qa = 200 scfm air. 
 
The fluid is non-flammable and the filter is suitably isolated from engulfment of fire so the 
capacity can be reduced to 30% of that calculated.  Ref.  CGA S-1.3-2008, section 6.3. 
 
New Qa = 0.3*(200 scfm air) = 60 scfm air. 
 
The relief valve capacity of PSV-309-A at 150 psig is 72 scfm air at 10% overpressure and 
115 scfm at 25% overpressure. 
 

31 
 



 

Table:  Relief capacities of Circle Seal Series 5100 relief valves. 

 
 
 
4.  Piping from HV-303-A to PCV-220-A.   
This section of piping is protected by PSV-202-A on the detector cryostat.  PSV-202-A has a 
relief capacity of 50 scfm at 1.25*(15psig) = 19 psig.  Further, there is a rupture disc that 
protects the piping from pressures above 30 psig.  The piping cannot be isolated from the 
cryostat and is therefore protected as part of the pressure vessel.  A formal pressure vessel 
engineering note for the cryostat will ensure that this section of piping is adequately 
protected. 
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5.  Regeneration piping from PR-400-H to rest of system.   
This section of warm piping is protected from over pressure by PSV-406-H, set at 100 psig 
and with a capacity of 282 scfm.  See catalog cuts of the pressure relief valve below in this 
section.  The source of pressure is the tube trailer through the pressure regulator PR-400-H.  
PR-400-H will normally be set to supply 50 psig of pressure.  However in the event of an 
incorrect adjustment or a failure it needs to be checked if it could supply a flow with pressure 
greater than the capacity of PSV-406-H.  PR-400-H is a Matheson 3201 regulator with a 
maximum outlet pressure setting of 100 psig and a maximum flow rate capacity of 150 scfm.  
See catalog page below.  Since the relief valve capacity exceeds the maximum flow rate of 
the regulator, all regeneration piping downstream is protected. 
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Catalog cut of the PR-400-H regulator 
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FLEXIBILITY ANALYSIS 
 
The flexibility of the newly installed cryogenic piping due to thermal contraction should be 
considered.  The LAr supply piping from the vendor rented dewar to the molecular 
sieve/copper filter is foam insulated with a PVC jacket.  The piping is not held rigidly and the 
pipe run is free to contract and move the amounts (~0.3”) that it will contract. 
 
The piping within the molecular sieve/copper filter is outside of the scope of this piping 
engineering note.  This is a filter design that has been duplicated and used for the LAPD 
experiment and MicroBooNE.  It has its own pressure vessel engineering note. 
 
The existing particulate filter is vacuum jacketed with ½” schedule 10 pipe as the inner pipe 
and 3” pipe as a vacuum jacket.  The inlet leg has a vertical run of 62” and a horizontal run of 
33” to HV-300-A.  No spiders are installed.  The 33” long horizontal run will need to flex 
up .186” and the vertical run will need to flex over 0.1”.  The 33” leg can be treated as a 
cantilevered pipe.  The deflection of a cantilevered pipe is: 
 
Deflection = (P*L^3)/(3E*I)  
Where: 
Deflection = amount the pipe must flex = 0.186” 
P = the load applied at the corner which we will solve for 
L = pipe length = 33” 
E = Modulus of Elasticity = 30E6 psi 
I = Moment of Inertia = 0.01431 in^4 
 
Solving for P, P = 6.4 lbs. 
 
The bending moment = P*L = 213 in-lbs. 
The pipe stress = M*c/I = (213 in-lbs*0.42 in )/ 0.01431 in^4 = 6252 psi. 
 
The allowable stress for displacement strains, from ASME B31.3-2008, 302.3.5 is Sa = 
f(1.25Sc + 0.25Sh) = 1.0(1.25*20.0ksi + 0.25*20.0ksi) = 30 ksi. 
 
The calculated pipe stress is less than the allowable so the pipe is fine.  The vertical leg 
which is longer must deflect less, and therefore by inspection, the vertical leg will have even 
lower stresses. 
 
The outlet leg of the filter has a horizontal run of 25” between HV-300-A and the vacuum 
break where foam insulation begins.  The horizontal pipe will contract 0.075” when at 
cryogenic temperature.  A bellows has been installed on the outer vacuum jacket to allow the 
vacuum jacket to shrink along with the inner line. 
 
The LAr inlet piping into the cryostat is vacuum jacketed, constructed as shown in drawing 
F10027431.  There is a horizontal run of about 30” from the corner to the vacuum break and 
a 22” vertical run from the corner to the vacuum break.  The 22” vertical run needs to bend to 
accommodate 0.09” of shrinkage.  The 30” long horizontal, 0.06”.  The inner tube is 0.50” 
dia. x 0.065” wall stainless steel pipe.  The 22” vertical run will be treated as a cantilevered 
pipe. 
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Deflection = (P*L^3)/(3E*I)  
Where: 
Deflection = amount the pipe must flex = 0.09” 
P = the load applied at the corner which we will solve for 
L = pipe length = 22” 
E = Modulus of Elasticity = 30E6 psi 
I = Moment of Inertia = (pi*d^3*t)/8 = 0.0032 in^4 
 
Solving for P, P = 2.4 lbs. 
 
The bending moment = P*L = 53 in-lbs. 
The pipe stress = M*c/I = (53 in-lbs*0.25 in )/ 0.0032 in^4 = 4141 psi. 
 
During bellows assembly of the outer vacuum jacket over the flange, the technicians will 
‘spring’ the horizontal tube towards the corner, biasing it so that shrinkage brings it towards 
center.  Three threaded rods hold the length of the vacuum jacket bellows. 
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The gas argon vent pipe coming out of the cryostat is also vacuum jacketed.  It was 
constructed per F10027437.  There is a 22” vertical leg from the corner to the vacuum break 
inside the cryostat.  There is a horizontal run of 12.5”, an elbow and then about 30” 
horizontally to the vacuum break.  There are no spiders supporting the inner line.  The elbow 
at the top of the vertical run will move down 0.06” and less than that horizontally.  The inner 
line is 0.5” diameter x 0.065” wall stainless tubing.  The tubing is very flexible.  The tubing 
is free to bend the ~0.06” due to thermal contraction.  The vacuum jacket is completed by 
assembling a bellows over the 150 lb. flange.  During this bellows assembly, threaded rods 
are adjusted to ‘spring’ the inner pipe towards the corner giving more free movement for 
thermal contraction. 
 
 
Table:  Summary of pipe sections analyzed.  Allowable stress = 30 ksi. 
Pipe Section type length Solution or stress 
LAr Supply 1” pipe foam 

insulated 
~100” movements of 
0.3” 

Free to move at 
supports 

Particulate filter inlet ½” sch. 10 in VJ 33” leg must move 
0.186” at end 

6.3 ksi 

Particulate filter inlet ½” sch. 10 in VJ 62” leg must move 
0.1” at end 

1.0 ksi 

Particulate filter 
outlet 

½” sch. 10 in VJ 25” leg shrinks 
0.075” axially 

Bellows on VJ 

LAr supply to 
cryostat 

1” pipe foam 
insulated 

~50” movements of 
0.15” 

Free to move at 
supports 

Cryostat supply 0.5” OD x 0.065 22” leg must move 
0.09” at end 

4.1 ksi 

Cryostat supply 0.5” OD x 0.065 30” leg must move 
0.06” at end 

1.5 ksi 

Cryostat gas outlet 0.5” OD x 0.065 22” vertical leg must 
move 0.06” at end 

2.8 ksi 

Cryostat gas outlet 0.5” OD x 0.065 43” horizontal leg 
must move 0.06” at 
end 

0.2 ksi 
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WELD DOCUMENTATION 
 
The ASME B31.3 code in paragraph 341.4.1 requires that normal fluid service piping be 
examined.  The piping and welds were visually examined during fabrication.  In process weld 
examination forms were completed for 5% to 10% of the weld joints.  This satisfies the 
Visual examination requirement of the piping code.  The piping was constructed using 
commercial pipe fittings.  Welds were standard circumferential pipe welds.  No longitudinal 
pipe welds were made.  Welding fit up inspection forms were completed by Skyler Sherwin, 
Pat Healey, and John Najdzion.  Welding was done primarily by Dan Knight, TD/weld shop.  
Mr. Knight was qualified in GTAW of stainless steel.  Other welders used were Daniel 
Watkins, and unknown but qualified weld shop welders.  They all also have been qualified 
for this type of welding.   Qualification records are attached.  In process examination was 
substituted for radiography inspection of welds.  Radiography is not normally done at the lab.    
 
The following paragraph is excerpted from tanker trailer #30 documentation by Jerry Makara 
and Michael Geynisman, dated 10/15/2010.  “According to FESHM-5031.1, all pressure 
piping systems at Fermilab fall under the scope of the ASME/ANSI B31 code series unless 
specifically excluded. The code series stipulates that pressure piping systems be inspected 
and tested according to the specific requirements of the code. For ASME/ANSI B3 1.3 
Process Piping, which is the relevant code series for this piping system, the required 
inspection, examination and testing are outlined in Chapter VI, paragraphs 341 through 346. 
These requirements pertain to piping systems in Normal Fluid service which applies to 
piping systems at pressures above 150 psi or piping systems below 150 psi with design 
temperatures lower than -20°F, which is the case for the liquid argon supply piping. The 
B31.3 piping code allows the use of in-process examination in lieu of radiography on a weld-
for-weld basis.  In-process inspection forms were created in consultation with the Fermilab 
weld shop which documents items such as joint preparation and cleanliness, welding 
machine type, joint fit-up and alignment, filler material, purge gas (purity, flow, and oxygen 
concentration), inspection of root pass and inspection of final pass.”   Completed in-process 
weld inspection forms are included as part of this piping engineering note. 
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