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—ategory-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
MCY7 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:




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:




Pipe Characteristics

Size: 17 sch. 10 stainless pipe Length: ~ 44 feet Total Volume: < 1 ft"3
Size: %" sch. 10 stainless pipe

Size: 17 OD tube x 0.095” wall, stainless, regeneration piping

Size: 0.25” OD x 0.035” wall, stainless, instrumentation tubing

Relief VValve 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? No
System Documentation

Process and Instrumentation diagram appended? No
Process and Instrumentation component list appended? No

Is an operating procedure necessary for safe operation? Ye

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 assemblie No
If yes, append documents or make available to reviewer.

Are all quality verification records required by the identified code available? 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 scfth.

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 %" 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.



Outside

500 Gal Argon Dewar

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

Operating
Instr Tag [Serv. Q1o Range or |Pressure
Code # |Code |PID ?9: 9 Service Description Instrument Type Setpoint Rating
LCVv [105 A |SHT-2 5- |D  |LArsupply level control valve Actuated level control valve 0-100% 2500 psig
PSV |108 V  JSHT-2 4- D ffilter 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 lvac - 160 psig  |160 psig
PT 117 A |SHT-2 4- E filter pressure transmitter 0 - 250 psia 250 psia
HV 118 A JSHT-2 4- E [filter pressure instrumentation isolation  jmanual valve (diaphragm) NA 250 psig
PSv 177 V  JSHT-2 6- F [LAr Supply VJ relief relief valve 10 2400 psig
PIT 178 V  JSHT-2 6- F [filtered liquid return at cryostat pressure transmitter 1E-4to 1E3 Torr
TE 190 A |SHT-2 4- D ffilter bed temperature (top) 100 ohm platinum RTD NA 400 psig
TE 191 A JSHT-2 4- D ([filter bed temperature 100 ohm platinum RTD NA 400 psig
TE 192 A JSHT-2 4- D f[filter bed temperature 100 ohm platinum RTD NA 400 psig
TE 193 A JSHT-2 4- D ([filter bed temperature 100 ohm platinum RTD NA 400 psig
TE 194 A JSHT-2 4- |D  ffilter bed temperature (bottom) 100 ohm platinum RTD NA 400 psig
PIT |195 V  JSHT-2 5- |D [Filter housing vacuum jacket \Vacuum transducer/gauge 1E-4to 1IE3 Torr
PSE |201 A |SHT-2 7- D cryostat relief rupture disk 30 psig 275 psig
PSvV [202 A JSHT-2 7- D cryostat relief relief valve 15 psig 2400 psig
HV  [203 A JSHT-2 7- D icsrz; ?i?rt]pressure LSl manual valve (diaphragm) NA 250 psig
HV  [205 A JSHT-2 7- |IC z;yL?;it?;t[i):;ssure instrumentaiton manual valve (diaphragm) NA 250 psig
HV  [206 A JSHT-2 7- |C _cryos_tat GG e 2l manual valve (diaphragm) NA 250 psig
isolation
LI 207 A JSHT-2 7- |IC cryostat level local level indicator
LT |208 A [SHT-2 7- |C cryostat level level transmitter (dP) 075 psﬁ)(o'le'm 500 psi
LT 209 A JSHT-2 6- [D cryostat level level transmitter (capacitance) 0-6" 100 psig
HV  J210 A |SHT-2 5- |D [cryostat top flange between seal ports manual valve (bellows) NA 1000 psig
HV 211 V  JSHT-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  JSHT-2 6- cryostat inner side flange double seal manual valve (bellows) NA 1000 psig
PI 218 A |SHT-2 7- crysotat vapor pressure local pressure indicator
PT 219 A JSHT-2 7- cryostat vapor pressure pressure transmitter 0 - 50 psia 50 psia
PCV |220 A |SHT-2 6- cryostat over pressure vent Actuated pressure control valve  [0-100% 1500 psig
HY |21 A lsHt2 |- ::srg;?g; j’sgr?]rpslg’;t’?'go"lear feedthru | anual valve (diaphragm) NA 250 psig
HY |22 A lsht2 |- gggffg;vsggpslgrgtp'go"far LaiTe manual valve (diaphragm) NA 250 psig
HY 223 A lsHt2 |- ;?‘;f)tft liquid sample isolation, sample |- o1 alve (diaphragm) NA 250 psig
Y, 227 A |SHT-2 6- cryostat vent check valve NA
HV  [228 A JSHT-2 6- cryostat vent manual valve NA 400 psig
PSV  [250 V  JSHT-2 7- Cryostat vacuum jacket relief valve parallel plate relief 0
HV  [251 V  JSHT-2 7- Cryostat vacuum jacket pump out manual valve
HV  [255 A JSHT-2 6- cryostat neck fill port manual valve (bellows) NA 1000 psig
PSV  [259 V  [SHT-2 6- cryostat end flange trapped volume relief relief valve 10 2400 psig
PSV |60 v fsht2 e fggftat side flange trapped volume relief valve 10 2400 psig
PIT 263 V  JSHT-2 7- Cryostat vacuum jacket pressure \Vacuum transducer/gauge 1E-4to 1E3 Torr
PIT |264 \ SHT-2 6- cryostat seal vacuum pressure transmitter 1E-4to 1E3 Torr
PIT  |265 \Y SHT-2 6- cryostat seal vacuum pressure transmitter 1E-4to 1E3 Torr
PIT  |266 V  JSHT-2 6- cryostat seal vacuum pressure transmitter 1E-4to 1E3 Torr
HV  [267 V  JSHT-2 6- cryostat active vacuum vent manual valve 1 atm
PU  |268 V  JSHT-2 6- cryostat vacuum dry scroll pump pump
PIT  |269 V  JSHT-2 6- cryostat vacuum pump input pressure transmitter 1E-4to 1E3 Torr
HV  [270 V  JSHT-2 5- cryostat vacuum header isolation manual valve 1 atm
PSv [271 V  [SHT-2 5- Vacuum header relief valve relief valve 0 psig
HV  [300 Ar  JSHT-2 3- LAr transfer line filter bypass Manual valve 150 psig
HV  [|301 Ar  JSHT-2 3- LAr transfer line filter isolation Manual valve 150 psig
FL 302 Ar  JSHT-2 3- LAr transfer line filter Particulate filter 150 psig
HV 303 Ar  JSHT-2 3- LAr transfer line filter isolation Manual valve 150 psig
HY  [305 ar fsHt2 |- '(;Ql:;[sgffer IS FEEIOEEILS |y o s 6000 psi
PDI  [306 Ar  JSHT-2 3- LAr transfer line filter pressure drop Differentional Pressure gauge 500 psig
PI 307 Ar  JSHT-2 3- LAr transfer line filter upstream pressure [Pressure gauge min. 200 ps
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Operating
Instr Tag [Serv. Q1o Range or |Pressure
Code # |Code |PID ?9: 9 Service Description Instrument Type Setpoint Rating

HV  |308 Ar  JSHT-2 3- D [|LArtransfer line filter vent Manual valve 2000 psig
PSV 309 Ar  JSHT-2 3- D [|LArtransfer linefilter pressure relief Relief valve 150 psig SP

PR  J400 H [SHT-2 1- [D  JAr/H2 from trailer pressure regulator 50 3000 psig
HV  j401 H JSHT-2 1- [D [H2/Ar pressure instrumentation manual valve NA 3500 psig

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

PI 404 H JSHT-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 ac - 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 JSHT-2 4- |G ffilter regeneration H2/Ar supply particulate filter

PI 410 H JSHT-2 4- |G ffilter regeneration H2/Ar supply local pressure indicator lvac - 160 psig  |160 psig
HvV  [411 A JSHT-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) TypeKTC NA 100 psig
TE 414 SHT-2 4- F Jregen gas heater (heater surface) TypeKTC NA 100 psig
TE 415 SHT-2 4- F [regen gas heater (gas flow) TypeKTC NA Sﬁiﬂ;‘i o
HE |[416 SHT-2 4- F [filter regeneration gas heater NA 100 psig
TE 417 SHT-2 4- F [regen gas heater (gas flow) TypeKTC NA 100 psig
TE 418 SHT-2 4- F Jregen gas heater (heater surface) TypeKTC NA 100 psig
TE 419 SHT-2 4- F [regen gas heater (gas flow) TypeKTC NA Sﬁiﬂ;‘i o
HV 420 A JSHT-2 4- E [filter regeneration pumpout manual valve (ball valve) NA 1000 psig
TE 421 A JSHT-2 4- E [filter regeneration inlet temperature TypeKTC NA 100 psig
HV  [422 A JSHT-2 4- D ([filter regeneration inlet isolation manual valve (bellows) NA 2500 psig
HV 423 A JSHT-2 4- D ffilter 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 JSHT-2 5- E [filter regeneration vent isolation manual valve (bellows) NA 2500 psig
HV  [426 A JSHT-2 5- E [filter regeneration vent gas sample manual valve (diaphragm) NA 250 psig
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HV  |[427 SHT-2 4- ffilter regeneration heater isolation manual valve (ball valve) NA 1000 psig
PI 428 SHT-2 4- ffilter regeneration H2/Ar supply local pressure indicator ac - 160 psig 160 psig
FL 570 SHT-1 4. 50(_) (_Ballon Argon_ Dewar - Pressure Filter
Building loop strainer
nv 572 SHT-1 4 500 Gallqn Argon Dewar - vaporizer manual valve
regulator isolation valve
HV  [573 SHT-1 |- P00 Gallon Argon Dewar - PIS74 manual valve
isolation valve
PI 574 SHT-1 4- P e A DT - CED A pressure indicator
supply pressure at dewar
v 575 SHT-1 4. 500 Gallon Argon Dewar - Vaporizer heck valve
supply check valve
v 576 SHT-1 4. Sgr?t Gallon Argon Dewar - VVaporizer manual valve
nv 577 SHT-1 4. 500 Gallon Argon Dewar - Vaporizer manual valve
pressure regulator block valve
PR 578 SHT-1 4. 500 Gallon Argon Dewar - Vaporizer pressure regulator
supply pressure regulator
psv 579 SHT-1 4. 500 Gallon Argon !Dewar - Vaporizer relief valve
trapped volume relief
HY 580 SHT-1 4. 500 Gallon Argon Dewar - manual block manual valve
valve for pressure control regulator
HvV  [681 SHT-1 4- 500 Gallon Argon Dewar - relief test port |manual valve
Y Iss2 SHT-1 4. 590 Gallon Argon Dewar - Relief device manual valve
diverter valve
HV  [583 SHT-1 4- 500 Gallon Argon Dewar - relief test port |manual valve
HY 584 SHT-1 4. 509 Gallon Argon Dewar - Pressure manual valve
Builder block valve
v a5 SHT-1 4. 509 Gallon Argon Dewar - Pressure heck valve
Builder loop check valve
PSE [587 SHT-1 |- 500 Gallon Argon Dewar - Secondary | 1 re sk 316 psig
burst disk
PSE [588 SHT-1 o P00 Gallon Argon Dewar - Vacuum relief valve 316 psig
acket relief device
HV  [589 SHT-1 |- P00 Gallon Argon Dewar -Liand Pl o ) yaive
instrumentation isolation
HV  [590 SHT-1 o P00 Gallon Argon Dewar -Liand Pl o ) yaive
instrumentation isolation
PSV  [591 SHT-1 |- 500 Gallon Argon Dewar - LAf relief valve
withdrawal trapped volume relief
v lso2 SHT-1 4. 500 Gallon Argon Dewar - Vauum manual valve
Jacket pump down valve
HV  |594 SHT-1 |- P00 Gallon Argon Dewar - Vauum manual valve
JJacket pressure gage isolation valve
v lsos SHT-1 4. 500 Gallon Argon Dewar - Vauum manual valve
JJacket pump down valve
pPsv  |596 SHT-1 4 SOQ Gallon Argon Dewar - Pressure relief valve
builder trapped volume relief
PR 597 SHT-1 4. 509 Qallon Argon Dewar - Pressure requlator
building pressure regulator
psv  |598 SHT-1 4 SOQ Gallon Argon Dewar - Pressure relief valve
builder trapped volume relief
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Operating
Instr Tag [Serv. g O Range or |Pressure
Code # |Code |PID o 9 Service Description Instrument Type Setpoint Rating
psv  [599 A fsHTa oo | g OO GallonArgon Dewar- Fillline relief valve
trapped volume relief
AT 605 A JSHT-2 5- E [filter regeneration vent gas sample dewpoint meter -80to +20 C 290 psia
AT 606 A |SHT-3 4- |IC  |gas analyzers dewpoint meter -60 to +20 C 290 psi
AT 607 A JSHT-3 4- B |gas analyzers loxygen analyzer 0 - 10,000 ppm (30 psig
AT 608 A JSHT-3 6- B |gas analyzers water analyzer 0 - 20 ppm 125 psig
AE 609 A JSHT-3 6- B |gas analyzers (AT-608 output) dewpoint meter -80t0 +20 C 290 psia
AT 610 A |SHT-3 6- |C |gas analyzers nitrogen analyzer 0 - 100 ppm 30 psig
AT 611 A JSHT-3 6- E |gas analyzers loxygen analyzer 0 - 50 ppm 30 psig
FL 6550 A lsuT2 1l Particulate filter gas argon supply from filter
500 gal. dewar
HV 651 A JSHT-1 3- |D [Gas argon sample point 809 to analyzer |manual valve
PI 652 A JSHT-2 4- |G f[filter regeneration argon supply local pressure indicator ac - 160 psig 160 psig
FCV 653 A JSHT-2 4- |G ([filter regeneration argon supply gas mass flow controller 0 - 30 SCFM 160 psia
Y 570 A lsuT 4 £ Sgl?leGallon Argon Dewar - Fill line check heck valve
HY 671 A ferT1 o | g [P00Gallon Argon Dewar-Top il manual valve
isolation valve
HY  [672 A ferT1  fa | g [PO0GalonArgon Dewar-Bottom il o ) vave
isolation valve
P A lsuta 4. E 500 Gallon Argon Dewar - Top fill main manual valve
block valve
HY 674 A lsuta 4. E SOQ Gallon Argon Dewar - Bottom fill manual valve
main block valve
P A lsuta 4. E 500 Gallon Argon_Dewar - Bypass valve manual valve
[for pressure/level instruments
nv  le7s A lsuT 4 £ SOQ Gallon Argon Dewar - Vaporizer manual valve
main block valve
av  le77 A lsuT 4. £ 500 Gallon Argon Dewar - Delivery manual valve
pressure regulator bypass valve
nv  les A lsuT 4 £ \E/;gl?leGallon Argon Dewar - Fill line vent manual valve
L 579 A lsuT 4. £ 500 (_Ball_on Argon Dewar - Inner vessel jevel gauge
level indicator
PI 680 A JSHT-1 3- [C 2uY Gallo_n A_rgon D [EriEsss local pressure indicator
pressure indicator
PR 681 A JSHT-1 4- E 50.0 (_3a||on Argon Dewar - Pressure pressure regulator 185 psig
building loop backpressure regulator
PSV 682 A fsht1 B | E i’gl?leGa"o” AT PSR ~ P e S relief valve 240 psig
PSV 683 A |sir1 |- | g [P0 Gallon Argon Dewar - Secondary relief valve 240 psig
relief valve
PSE 684 A fsht1 B | E g?s?( SRR B S FERAES 1o o s 316 psig
LT |6s6 A fsHTa o | B [P0 GalonArgon Dewar- Level level transmitter
transmitter
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500 Gallon Argon Dewar - Pressure

PT 687 SHT-1 4- . pressure transmitter

transmitter
HV  |690 SHT-1 o 500 Gallon Argon Dewar - Liguid manual valve

ithdrawal valve

v leo1 SHT-1 4 500 Gallon Argon Dewar - Manual manual valve

blowdown
PR 692 SHT-1 4. 500 Gallon Argon Dewar - Blowdown pressure regulator

loop backpressure regulator to
PE  [693 SHT-1 |- P00 Gallon Argon Dewar - Vacuum Lo readout

acket transmitter port
HV  [700 SHT-3 4- gas analyzers - vacuum pump isolation  [manual valve
HvV  |701 SHT-3 4- gas analyzers - vacuum pump line purge [manual valve 3000 psig
HV  [702 SHT-3 4- gas analyzers - vacuuum pump isolation |manual valve 3000 psig
HV 703 SHT-3  [5- gﬁrsn ?)”a'yzers -sampleline tovacuum oo al vaive 3000 psig
HV  [704 SHT-3  [5- gﬁfnz”a'yzers ~sample ine tovacuum oo il vaive 3000 psig
HV  [705 SHT-3  [5- gﬁrsn ?)”a'yzers ~sampleline tovacuum oo al vaive 3000 psig
HV  [706 SHT-3  [5- gﬁfnz”a'yzers -sample ine tovacuum oo i vaive 3000 psig
HV  [707 SHT-3  [5- gﬁrsn ?)”a'yzers -sample line tovacuum oo al vaive 3000 psig
HV  [708 SHT-3  [5- gﬁfn?)”a'yzers -sample ine tovacuum oo il vaive 3000 psig
HV 709 SHT-3  [5- gﬁrsn ?)”a'yzers -sampleline tovacuum oo al vaive 3000 psig
HV  [710 SHT-3  [5- gﬁfn?)”a'yzers -sample ine tovacuum oo il vaive 3000 psig
HY 711 SHT-3  [5- gﬁrsn ?)”a'yzers -sampleline tovacuum oo al vaive 3000 psig
HV  [712 SHT-3  [5- gﬁfn?)”a'yzers -sample ine tovacuum o al vaive 3000 psig
HV 713 SHT-3  [5- gﬁrsn ?)”a'yzers -sampleline tovacuum oo al vaive 3000 psig
HV  [714 SHT-3  [5- g‘a‘ﬁn ";‘)”a'yzers -sample Inetovacuum .. o) vaive 3000 psig
HV 715 SHT-3 5- gas analyzers - dewpoint meter isolation  [manual valve 3000 psig
HV  [716 SHT-3  [5- 025 analyzers - sample ine o AP yanual vaive 3000 psig
HY  [717 SHT-3  [5- 025 analyzers - sample ine 0 AP yanual vaive 3000 psig
HV  [718 SHT-3  [5- 025 analyzers - sample ine o AP yanual vaive 3000 psig
HV  [719 SHT-3  [5- 025 analyzers - sample ine 0 AP yanual vaive 3000 psig
HV  [720 SHT-3  [5- gas analyzers - sample ine to APt el valve 3000 psig
HV  [721 SHT-3  [5- gas analyzers - sample fine to APt vanal valve 3000 psig
HY |72 SHT-3  [5- gas analyzers - sample ine to APt el valve 3000 psig
HV  [723 SHT-3  [5- gas analyzers - sample fine to APt yanal valve 3000 psig
Y 724 SHT-3 5. gas analyzers - sample line to dewpoint manual valve 3000 psig

meter
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Operating
Instr Tag [Serv. Q1o Range or |Pressure
Code # |Code |PID ?9: 9 Service Description Instrument Type Setpoint Rating
HY 725 A vtz B [c %ﬁ;”a'yzers - sample line to dewpoint | -l valve 3000 psig
HY |76 A vtz B [ r’ﬁ;”a'yzers ~EEITIRIRIETEEE oo 3000 psig
HY  [727 A lsHts B [c ?nft;”a'yzers - sample line to dewpoint | -l vaive 3000 psig
HV  [728 A |SHT-3 5- B |gas analyzers - O2 meter isolation manual valve 3000 psig
HV  [729 A JSHT-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 JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [732 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [733 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [734 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [735 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [736 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [737 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [738 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [739 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [740 A JSHT-3 5- B |gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [741 A JSHT-3 6- B |gas analyzers - H20 meter isolation manual valve 3000 psig
HY  [742 A [sht3 e | B rgnaest;”a'yzers S BHIlA manual valve 3000 psig
HY  [743 A fIsht3 e | B glst;”a'yzers - sample line to H20 manual valve 3000 psig
HY  [744 A lsHT3 | | B ﬁ]aest;”a'yzers SEME SO manual valve 3000 psig
HV  [745 A fsht3 e | B %ﬁ;”a'yzers - sample line to H20 manual valve 3000 psig
HV  [746 A lsHT3 |- | B ﬁ]aest;”a'yzers SEE SO manual valve 3000 psig
HY  [747 A fsht3 e | B %ﬁ;”a'yzers - sample line to H20 manual valve 3000 psig
HV  [748 A lsHT3 |- | B ﬁ]aest;”a'yzers SEE SO manual valve 3000 psig
HV  [749 A |sHrs |- | B (938 @nalyzers - sampleline to H20 manual valve 3000 psig
meter
HV  [750 A |SHT-3 6- |C |gas analyzers - N2 meter isolation manual valve 3000 psig
HV  [751 A JSHT-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 JSHT-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 JSHT-3 6- |C |gas analyzers - sample line to N2 meter |manual valve 3000 psig
HV  [756 A JSHT-3 6- [C |gas analyzers - sample line to N2 meter |manual valve 3000 psig
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HV  [757 SHT-3 6- gas analyzers - sample line to N2 meter  [manual valve 3000 psig
HV  [758 SHT-3 6- gas analyzers - sample line to N2 meter  [manual valve 3000 psig
HV  [759 SHT-3 6- gas analyzers - O2 meter isolation manual valve 3000 psig
HV  [760 SHT-3 6- gas analyzers - sample lineto O2 meter [manual valve 3000 psig
HV  [761 SHT-3 6- gas analyzers - sample lineto O2 meter [manual valve 3000 psig
HV  [762 SHT-3 6- gas analyzers - sample lineto O2 meter [manual valve 3000 psig
HV  [763 SHT-3 6- gas analyzers - sample lineto O2 meter [manual valve 3000 psig
HV  [764 SHT-3 6- gas analyzers - sample lineto O2 meter [manual valve 3000 psig
HV  [765 SHT-3 6- gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [766 SHT-3 6- gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [767 SHT-3 6- gas analyzers - sample line to O2 meter |manual valve 3000 psig
HV  [768 SHT-3 5- gas analyzers - vacuum pump out manual valve 3000 psig
\ 769 SHT-3 4- gas analyzers - vacuum pump check valve 6000 psig
\ 770 SHT-3 5- gas analyzers - Dewpoint meter inlet check valve 6000 psig
PR 771 SHT-3 5- gas analyzers - O2 meter inlet pressure regulator 5000 psig
\Y 772 SHT-3 5- gas analyzers - O2 meter inlet check valve 6000 psig
\ 773 SHT-3 6- gas analyzers - H20 meter inlet check valve 6000 psig
PR 774 SHT-3 6- gas analyzers - N2 meter inlet pressure regulator 5000 psig
\ 775 SHT-3 6- gas analyzers - N2 meter inlet check valve 6000 psig
PR 776 SHT-3 6- gas analyzers - O2 meter inlet pressure regulator 5000 psig
\% 777 SHT-3 6- gas analyzers - O2 meter inlet check valve 6000 psig
HV  [778 SHT-3 6- gas analyzers - calibration gas manual valve 3000 psig
\% 779 SHT-3 6- gas analyzers - calibration gas inlet check valve 6000 psig
HV  [780 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
HV  [781 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
HV  [782 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
HV  [783 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
HV  [784 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
HV  [785 SHT-3 6- gas analyzers - argon gas supply manual valve 3000 psig
Y, 786 SHT-3 6- gas analyzers - argon gas supply check valve 3000 psig
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Operating
Instr | Tag | Serv. g [8) Range or | Presst
Code # |Code PID |[© 9 Service Description Instrument Type Setpoint Ratin
HY | 787 | A SHT-3 |6-| F | 92S@nalyzers- S;:;f’;e line to vacuum manual valve 6000 ps
HY | 788 | A e | 6| B | PRS- s;:“nf’;e UAAREEL manual valve 3000 ps
PI 789 A SHT-3 |5 | E gas analyzers local pressure indicator vac - 160 psig 160 psi
FL A SHT-3 [ 6-| F 02 cartridge filter filter
PI A SHT-3 |5 | B 02 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
Fl 794 A SHT-3 |[4-| B 02 analyzer flow flow indicator
FL 795 A SHT-3 [ 6-| F H20 cartridge filter filter
FL 796 A SHT-3 [ 6-| F 02 cartridge filter filter
Fl 797 A SHT-3 [ 6-| D 02 analyzer flow flow indicator
FL 798 A SHT-3 [ 5| E H20 cartridge filter filter
PV 799 SHT-3 4-1 D gas analyzers vacuum pump vac - atm atm
AE 819 SHT-3 | 2-| F vicinity of equipment ODH 02 sensor 0-25% 02 atm
AE 820 SHT-3 [ 2-| F vicinity of equipment ODH 02 sensor 0-25% 02 atm
FS 821 SHT-3 [ 2-| E ODH blower outlet duct pressure differential switch 122_/1220 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 02 sensor 0-25% 02 atm
AE 824 SHT-3 2-| F vicinity of equipment ODH 02 sensor 0-25% 02 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 ps
PI 842 A SHT-3 |5 | H gas analyzers pressure indicator vac - 60 psig 60 psit
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 psit
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
\% 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 ps
HV 849 A SHT-3 | 3-| H gas analyzers manual valve (diaphragm) NA 250 ps
HV 850 A SHT-3 | 3- | H | argon supply for analyzer booster pump manual valve (diaphragm) NA 250 ps
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PCV 851 SHT-3 | 3- argon supply for analyzer booster pump pressure control valve 0 - 30 psig 300 ps
pcv | 852 SHT3 | 4- gas analyzer booster pump inlet control valve Cvmax=002 | 700ps
restriction
HV 853 SHT-3 | 4- gas analyzer booster pump manual valve (diaphragm) NA 250 ps
PU 854 SHT-3 | 5- gas analyzer booster pump postive displacment pump 0-1.4SCFM 40 psi
HV 855 SHT-3 | 3- argon supply for analyzer booster pump manual valve (diaphragm) NA 250 ps
HV 856 SHT-3 | 5- analyzer booster pump test flowmeter manual valve (diaphragm) NA 250 ps
FCV 857 SHT-3 | 5- analyzer booster pump test flowmeter manual flow control valve
PI 858 SHT-3 | 4- gas analyzers pressure indicator vac - 60 psig 60 psit
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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.

*
= __P"D ASME B31.3 section 304.1.2, Equation 3a
2(SEW + PY)

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 Stainless 1” tube 100 psig 0.004” 0.095”
gas supply steel

Instrumentation | Stainless Y4” OD 100 psig 0.001” 0.035”
tubing steel tubing

LAr supply Stainless 1” pipe 100 psig 0.005” 0.109”
pipe steel

LAr supply Stainless 15" pipe 100 psig 0.003” 0.083
pipe steel

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 LArlIAT system.
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630.840.6858 (offics)
630.840.4089 (fax)

Memorandum
To: Arkadiy Klebaner, Jay Theilacker, Alex Martinez, Bill Soyars, Brian DeGraff,
Jerry Makara, Michael Geynisman

From: Michael Whate
Subject: Charpy Impact Testing for LN2 Piping
Date: April 13, 2010

Summary of Revision 1

The mitial Charpy Impact Testing for LN2 Piping memorandum that was sent on December 29,
2009 contans a known error. The memorandum suggested that welding 316 or 3161 with 3081
filler metal was acceptable. However, welding 316 or 316L with 308L filler metal is a violation
of the AD/Cryo weld procedure. which has now been attached as Appendix 3 to this memo for
easy reference. The Charpy mmpact testing that was performed qualified the AD/Cryo weld
procedure for 308L filler rod. but the procedure must be followed to remain within the
qualification. All mnstances where 316 or 316L stainless steel was previously mentioned have
been removed. since those matenials require the use of 316 filler rod according to the AD/Cryo
weld procedure.

It should also be noted that type 308L filler rod also qualifies as type 308, so it is acceptable to
weld type 304 to type 304 stainless steel using 308L filler rod even though it 1s not explicitly
specified in the AD/Cryo weld procedure. This memorandum will be updated agan once
Charpy impact testing data becomes available for welds made with type 316 filler rod using the
AD/Cryo weld procedure.

Introduction

The Fermilab Environmental Health & Safety Manual (FESHM) Chapter 5032 stipulates that
cryogenic piping must meet the requirements of ASME B31.3. At colder temperatures matenals
often become brittle and lose their toughness. ASME B31.3 has impact testing requirements that
force the designer to ensure that the selected matenials do not undergo a brittle transition while
being cooled down to the design temperature. Femmilab has had extensive and successful
expenience with using austenitic stainless steels for cryogenic piping. This paper was wriften to

Farmi A Laberatery / Kirk Road and Pine Sweet / P.O. Bax 500 / Batava, IL 60510 / 630.840.3000 / www inal 5ov | temiiab fnal gov
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2

demonstrate that all impact testing requirements are satisfied for the vast majority of LN2 piping
components at Fermilab through one set of impact tests that were recently performed.

Mandatory Impact Testing

The ASME B31 .3 code specifies impact testing instructions in Section 323 and in Table 323.2.2.
The two types of stainless steel most commonly used at Fermilab for cryogenic piping are type
304 and type 304L, which are listed in Table A-1 as having a minimum design metal temperature
(MDMT) of -425°F (19 K). Table 323.2.2 has two columns of requirements, with column A for
matenals above their MDMT and column B for materials below their MDMT. The temperature
of LN2 at atmospheric pressure is 77 K and well above the MDMT, so the requirements of
column B (which are pertinent to I He piping) will be neglected here.

Column A of Table 323.2.2 15 subdivided mnto two additional columns, with column (a) for the
base metal and column (b) for the weld metal requirements. The four types of steel commonly
used for cryogenic piping at Fermilab are all austenitic steel, so the approprate requirements can
be found m row 4. Cell A-4(a) specifies that if either (1) carbon content by analysis is = 0.1% or
(2) matenal is not in solution heat treated condition then impact testing is required. Cell A-4(b)
specifies that if the MDMT 1s less than -20°F then the weld metal deposits must be impact tested.

Cell A-4 has two notes, Note (3) and Note (6). which provide exemptions from impact testing.
Note (3) only applies above -155°F and therefore is not applicable to LN2 piping. Note (6)
exempts material from impact testing if the maximum obtainable Charpy specimen has a width
along the notch of less than 2.5 mm (0.098 ). The wall thickness requirements difficult to
maintain even if thin-walled tubing or piping is used, since the 2.5 mm wall thickness is often
exceeded in the flanges. coupling. and adapters.

One source for stainless steel matenial composition requirements is ASTM A269-08 “Standard
Specification for Seamless and Welded Austenitic Stainless Steel Tubing”, which can be found
using links to published standards provided by the Fermilab library. There are various other
ASTM standards for stainless steel pipe (such as A312. A358. etc.) but the material composition
requirements should be uniform for all ASTM standards. ASTM A269-08 Table 1 specifies that
the maximum carbon content 1s 0.08% for 304 stamless steel and 0.035% for 304L stainless
steels.

Section 6 of ASTM A269-08 specifies that the both types of stainless steel must be furnished in
solution annealed condition. ASME B31.3 Table A-1 lists all each of the both types of stainless
steel as having the same P-No, Group-No, MDMT, and allowable stress regardless of whether 1t
is tube or pipe form The heat treatment of the tubes and pipes must be similar since the ASME
B31.3 listed properties are the same. Therefore. the conditions of cell A-4(a) have been satisfied
and mmpact testing is not required on the base metal when using 304 or 304L stainless steel for
N2 piping.

Cell A-4(b) mandates impact testing on weld metal at IN2 temperatures for 304 or 304L
stainless steel if the wall thickness is greater than 2.5 mm  Note (2) applies to all cells in column
(b) and states “Impact tests that meet the requirements of Table 323 .32, which are performed as
part of the weld procedure qualification, will satisfy all requirements of para. 323.2.2 and need
not be repeated for production welds.™ This means that once the AD/Cryo welding procedure is
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3
qualified, no more impact testing is required as long as the weld procedure continues to be
followed.

Weld Procedure Qualification

The requirements for impact testing are listed in Table 323.3.1. Since impact tests are only
required on the welds, the test 1s governed by the requirements in column A, cells A4 to A-7.
Cell A4 states that one impact test is required for each welding procedure, type of filler metal,
and flux used AD/cryo only has one weld procedure. does not use flux for welding, and uses
AWS-E308L filler metal so only one test is required. The number of test pieces is dictated by
Cell A-5 and Note (3). Note (3) states that the test piece must be large enough to obtam three
specimens from the weld metal Cell A-5(a) states that one test validates a range of thicknesses
from T/2 to T+ 0.25". A test on 17 Sch 10 pipe (T=0.1097) then would cover the range of 0.055”
to 0.359”. Almost all fitings and pipe used for LN2 piping at Fermilab fall in this thickness
range or below. Cell A-5 states that tests do not need to be repeated as long as the material has
the same P-number and Group-number. ASME Boiler Pressure Vessel Code (BPVC) IX QW-
422 lists 304 and 304L stainless steels as P-No. 8 and Group-No. 2. Both types of stainless steel
typically used by AD/Cryo for LN2 piping will be covered by one set of impact tests.

Cell A-6 gives directions for the onientation and location of the specimens, which will be covered
further in the next secion. Cell A-7 states that the fabnicator (FNAL) is responsible for the
ensuring the tests are completed.

Charpy Impact Test Results

FNAL does not have a Charpy impact test facility, so the work was contracted out to
Westmoreland Mechanical Testing & Research, Inc (WMT&R) in Youngstown, PA. WMT&R
15 accredited by the American Association for Laboratory Accreditation (A2LA) to meet ASTM
E23 standards for impact testing.

Two 37 long 17 Schedule 10 304 stainless steel pipes were butt welded and sent to WMT&R for
impact testing. Impact test specimens were cut and machined by WMT&R. Verbal and wnitten
mstructions were provided to WMT&R regarding the location and onentation of the specimens.
The wntten mnstructions included with the welded pipe were the following:
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Please follow the mstructions from ASME B31.3 Table 323.3.1 on the
location and onentation of Charpy Impact test specimens on pipe
welds:

Across the weld, with notch in the weld metal; notch axis shall be
normal to material surface, with one face of specimen == 1.5 mm (1/16
in.) from the material surface

Please include the lateral expansion in the test results for all three
specimens. ASME B31.3 defines the lateral expansion as:

The increase in width of the broken impact specimen over that of the
unbroken specimen measured on the compression side, parallel to the
line constituting the bottom of the V-notch

Should you have any questions please contact Mike White at 630-840-
6858 or mjwhite @ fnal gov

The AD/Cryo In-Process Weld Inspection form used on the sample sent to WMT&R is included
in Appendix 1. The WMT&R test results are included in Appendix 2. ASME B31.3 Table
323.3.5 requires steels with a P-No. of 8 to have at least 0.015” of lateral expansion and has no
requirements for dissipated energy. The test results showed that the three specimens had lateral
expansion in the range of 0.0217-0.0297 at -320°F (77K). All requirements of the Charpy impact
test were satisfied.

Conclusion

All Charpy impact testing requirements have been satisfied for using 304 and 304L piping
components with 308L filler metal and a wall thickness of less than 0.359". The extensive and
successful expenience Fermilab has had with the matenials listed above has been reinforced with
successful Charpy impact testing. No further testing should be required for most LN2 pipmng
assemblies fabnicated by AD/Cryo as long as thickness requirements are met.
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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 fromhe 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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— e A l
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 L CV-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 = 452 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 * A%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.

ANDERSON GREENWOOD DIRECT SPRING OPERATED PRESSURE RELIEF VALVES

SERIES 60 AND 80

APPENDIX

TYPES 81 AND 83 CAPACITIES!
SCFM [NM3/HR] AIR - NATIONAL BOARD CERTIFIED

Set Pressure -6 -8 F G H J
psig [barg] 0.049 in2 0.110 in2 0.196 in2 0.307 in2 0.503 in2 0.785 in2 1.287 in2
[0.32 em2] [0.71 em2] [1.26 cm2] [1.98 em2] [3.25 em2] [5.07 cm2] [8.30 cm?]

20 [1.38] 28 62 [097] 111 [1785] 173 [2782] 284 [4567] 443 [712.3] 726 [1167.4]
40 [2.76] 43 97 [1560] 172 [2766] 270 [4342] 442 [710.7] 689 [1107.9] 1130 [1817.0]
80 [4.14] 59 133 [213.9] 237 [381.1] 371 [596.6] 607 [976.1] 948 [1524.4] 1554 [2492.6]
80 [552] 75 169 [271.8] N84.0] 472 [759.0] 773 [12430] 206 [1939.2] 1997 [3211.2]
100 [69] 91 205  [329.6] B5] 573 [921.4] 938 [1508.3] 1464 [2354.1] 2401 [3860.8]
120 [83] 108 241 [387.5] 1 674 [1083.8] 1104 [1775.2] 1723 [2770.6] 2824 [4541.0]
140 [07] 124 278 [447.0] 1 775 [1246.2] 1269 [2040.6] 1981 [3185.5] 3248 [5222.8]
160 [11.0] 140 314 [504.9] ] 876 [14086] 1435 [2307.5] 2230 [3600.3] 3671 [5903.0]
180 [12.4] 156 350 [562.8] 624 [10034]  ©77 [1571.0] 1600 [2572.8] 2498 [4016.8] 4095 [6584.8]
200 [13.8] 172 386 [620.7) 688 [11063] 1078 [1733.4] 1766 [2839.7] 2756 [4431.7] 4518 [7264.9]
240 [16.6] 204 459 [7381] 817 [13137] 1280 [2058.2] 2097 [3372.0] 3273 [5263.0] 5365 [8626.9]
280 [19.3] 237 531 [853.9] 946 [15212] 1482 [2383.1] 2428 [3904.2] 3789 [6092.7] 6212 [9988.9]
300 [20.7] 253 567 [911.7] 1011 [16257] 1583 [2545.5] 2504 [4171.2] 4048 [6509.2] 6636[10,670.7]
340 [234] 285 640 [1029.1] 1140 [18331] 1785 [2870.3] 2925 [4703.4] 4564 [7338.0] 7483[12,032.7]
380 [26.2] 317 712 [1144.9] 1269 [2040.6] 1987 [3195.1] 3256 [5235.7] 5081 [8170.2] 8330[13,394.6]
400 [27.6] 333 748 [1202.8] 1333 [21435] 2088 [3357.5] 3421 [5501.0] 5339 [8585.1] 8754[14,076.4]
440 [30.3] 366 821 [1320.2] 1462 [23508] 2200 [3682.3] 3752 [6033.2] 5856 [Q416.5] O601[15,438.4]

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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Technical Data

Operating Ranges
Temperature ............... -423°F to +400°F
Set Pressures ............... to 400 psig
Materials of Construction
1) SRR ye— Cast Bronze,
A.S.M.E SB-62
Base .......c.ccoeeeiriiiiiinns Forged Brass,
Alloy C37700
THM s Copper Alloy
5] eT1yTe RPN Stainless Steel
17-7 PHAS.TM,,
A-313, Type 631
Tests

Each valve is set, tested, retested and sealed at
the factory to the customer’s specifications.

Sizes
Inlet - 1/2 inch to 2 inch
Qutlet - 3/4 inch to 2-1/2 inch

Applicable Codes

Designed and manufactured to meet:
* CGA 5-1.2 and $-1.3.
* V-4301 (Cryogenic Non-Oxygen)
* V-4401 (Oxygen)
* ASME sec VIl
* API 527
* AD-Merkblatt A2
« CRN 0G0591.9

TYPE RXSO

0 - 400 psig

Rochﬁ?vo vood
Swendeman,
BRONZE

SAFETY RELIEF VALVES

Features

* Special Teflon* seat, making bubble-tight
seals possible to over 90% of set
pressures per spec APl 527; not
applicable to steam.

* Adjustable blowdown ring

* Meets AD-Merkblatt A2 certified by TUV

» Cleaned and packaged for use in O,
service in compliance with the CGA

specification G-4.1
Additional cleaning specifications:
* 4WPI-SW70003  « ES.660.503
* GS-38 * GS-40
Application
* Especially recommended where noxious
or expensive liquids or gases place a

premium on seal quality.
« Stationary Cryogenic storage tanks
* Dual Safety relief systems

* Overpressure relief of tanks, pipelines,
vessels, pumps

= Air and gas compressors
* Corrosive industrial applications

Options
* Large and Extra Large Capacity
Consult factory for flow rates

BSP threads are available on most sizes
* Lever operation
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Type RXSO

Dimensions & Characteristics

AIR CAPACITY TABLE
Discharge capacities in cubic feet per minute of air at 10% or 3 PSI, whichever is greater, overpressure.
. 112 a/4 1 1-1/4 1/2 12 3/4 1 1-1/4
:'::"nss‘“s 12 374 1 1-1/4 1172 Imf;zes a/4 3/4 1 14 1172
3/4 1 1-1/4 1-1/2 2 1 1-1/4 1-1/2 2
. a4 i 1-1/4 1172 2 B EIE] 1 1-1/4 1-1/72 2
Ovlist Stzes 1 1174 1-1/2 2 2-1/2 Ouliet Simse 1 114 1-1/2 2 2.1/2
I A B ] D - A 8 C D E
SeatDiameter 750 1000 1250 1500  2.000 SeatDiameter ;0 1000 1250 1500 2.000
Flow Area 0.118 0.204 0.328 0.424 0628 Flow Area 0118 0204 0.326 0424 08628
Set Pressure Set Pressure
10 36 63 100 130 193 210 321 555 887 1183 1708
15 43 74 118 154 227 215 328 567 807 1179 1747
20 48 85 136 177 262 220 335 580 927 1208 1785
25 55 96 154 200 297 225 343 592 946 1231 1823
30 62 108 172 224 332 230 350 605 966 1257 1B61
35 70 120 192 250 370 235 357 617 8R4 1283 1800
40 77 133 212 276 408 240 364 629 1006 1308 1538
45 B84 145 232 301 446 245 an 642 1026 1334 1976
50 91 157 252 327 485 250 378 654 1046 1360 2014
55 98 170 271 3583 523 255 386 667 1066 1386 2053
80 105 182 291 379 561 260 393 679 1085 1412 2091
65 113 185 311 405 599 265 400 692 1105 1437 2129
70 120 207 a3t 430 638 270 407 704 1125 1463 2167
75 127 220 351 456 676 275 414 716 1145 1489 2206
80 134 232 371 482 714 280 422 729 1165 1515 2244
85 141 244 91 508 752 285 429 741 1185 1541 2282
20 149 410 534 791 290 436 754 1204 1567 2320
a5 156, 269 430 560 829 205 443 766 1224 1592 2359
100 165 282 450 585 B&7 300 450 779 1244 1618 2397
105 170 \\my 470 811 905 305 458 791 1264 1644 2435

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 * A%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.
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Table: Relief capacities of Circle Seal Series 5100 relief valves.
Hex Wrench 5ize

Nominal Cracking Pressure (psig)

Size 450 & Under 4518 Over
% B B
1 o™ e
% o™ 1
% % ¥
% He" 1"
1 He" 1"
% % W%

Air Flow Rates (5100-MP)

Inline valves, ¥°-1"

Percent Over Pressure Beyond Cracking
PslG ™MP 2MP/3IMP 4MP GMP/EMP TMP 2MP/3MP 4Mp GMP/SMP
15 1.0 1.5 50 9.0 3.0 5.0 50 52
20 1.5 20 10 12 4.0 5.0 60 63
25 2.0 2.7 25 27 5.4 6.5 65 67
30 24 46 30 36 6.2 13 68 n
40 3.0 5.5 34 55 6.5 25 72 100
50 3.0 10.5 40 65 8.0 29 4 110
75 4.2 14 50 70 13 38 820 114
100 6.0 25 54 90 17 55 90 130
125 8.5 32 120 22 58 136
150 10 36 @ 150 27 78 @ 200
200 13 40 190 40 96 375
250 16 50 150 210 43 115 280 450
300 20 60 180 2325 52 127 400 600
400 25 80 270 270 68 150 600 900
500 36 46 110 190 108 120 320 700
750 45 58 130 210 90 130 420 1200
1000 47 64 170 210 160 160 620 1280
1200 &7 4 240 250 200 200 1000 1500
1400 84 a4 450 395 — — — —
1600 10 no 720 405 — — — —
1800 160 160 810 510 — — — —
2000 190 190 850 515 — — — —
2200 220 220 00 520 — — — —
2400 240 240 990 675 — — — —

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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Technical Data

Operating Ranges

Temperature ............... -423°F to +400°F
Set Pressures ............... to 400 psig
Materials of Construction
Shell v Cast Bronze,
A.5.M.E 8B-62
Base ......cociviiiniiiiinns Forged Brass,
Alloy C37700

Copper Alloy
Stainless Stesl
17-7 PHASTM,
A-313, Type 631

Tests
Each valve is set, tested, retested and sealed at
the factory to the customer’s specifications.

Sizes
Inlet - 1/2 inch to 2 inch
Qutlet - 3/4 inch to 2-1/2 inch

Applicable Codes

Designed and manufactured to meet:
» CGA S-1.2 and 8-1.3.
+ V4201 {Cryogenic Mon-Oxygen)
* V-4401 (Ouyigen)
* ASME sec.VIll
« APl 527
+ AD-Merkblatt A2
+ CRN 0G0591.9

TYPE RXSO

0 - 400 psig

Rockwood
Swendeman,
BRONZE
SAFETY RELIEF VALVES

Features

= Special Teflon® seat, making bubble-tight
seals possible to over 90% of set
pressures per spec APl 527; not
applicable to steam.

* Adjustable blowdown ring
Meets AD-Merkblatt A2 certified by TUV
Cleaned and packaged for use in O,
service in compliance with the CGA
specification G-4.1

Additional cleaning specifications:

* 4WPI-SWT0003  » ES.660.503
* GS-38 * GS-40

Application

* Especially recommended where noxious
or expensive liquids or gases place a
premium on seal quality.

» Stationary Cryogenic storage tanks
» Dual Safety relief systems

= Overpressure relief of tanks, pipelines,
vessels, pumps

= Air and gas compressors
= Corrosive industrial applications

Options
* Large and Extra Large Capacity
Consult factory for flow rates

* BSP threads are available on most sizes
= Lever operation
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Type RXSO

Dimensions & Characteristics

AIR CAPACITY TABLE
Discharge capacities in cubic feet per minute of air at 10% or 3 PSI, whichever is greater, overpressure.

) 172 3/4 1 1-1/4 ) 1/2 172 3/4 1 1-1/4
net Sizes 12 a4 1 144 1102 Inlet Sizes 34 34 1 114 1172
= N = A
X - Ky 2 - 3 E -
Outlet Sizes 1 114 1172 2 2-1/2 Outlet Sizes 1 i-/4 112 2 2172
. F) B C D E ) A B C D E
Seat Diameter 750 1000 1250 1500 2.000 SeatDiameter 750 1000 1250 1500 2.000
Flow Area 0118 0204 0326 0424  0.628 Flow Area 0718 0204 0326 0424 0628
Set Pressure Set Pressure
10 36 63 100 130 103 210 a1 555 887 1153 1708
15 43 74 118 154 207 215 328 567 907 1179 1747
20 48 85 136 177 262 220 335 580 927 1205 1785
25 55 96 154 200 297 295 343 592 946 1231 1823
30 62 108 172 204 332 230 350 605 966 1257 1861
35 70 120 192 250 370 235 357 617 986 1283 1900
40 77 133 212 276 408 240 364 629 1006 1308 1938
45 84 145 232 301 446 245 371 642 1026 1334 1976
50 91 157 252 327 485 250 a78 654 1046 1360 2014
55 o8 170 271 353 523 255 386 667 1066 1386 2053
60 105 182 291 379 561 260 393 679 1085 1412 2091
65 113 195 311 405 599 265 400 692 1105 1437 2129
70 120 207 331 430 638 270 407 704 1125 1463 2167
75 127 220 351 456 676 275 414 716 1145 1489 2206
80 134 232 371 482 714 280 422 729 1165 1515 2244
85 141 244 391 508 752 285 429 741 1185 1541 2282
a0 149 257 410 534 791 290 436 754 1204 1567 2320
95 156 430 560 829 295 443 766 1224 1592 2350
100 163 ( 282 450 585 867 300 450 779 1244 1618 2397
105 170 8¢’ 470 611 a05 305 458 791 1264 1644 2435
110 177 307 490 637 944 310 465 803 1284 1670 2473
115 184 319 510 663 982 315 472 816 1304 1696 2511
120 192 33 530 689 1020 320 479 828 1324 1721 2550
125 199 344 549 715 1058 395 486 841 1343 1747 2588
130 206 356 569 740 1097 330 293 853 1363 1773 2626
135 213 369 589 766 1135 335 501 866 1383 1799 2664
140 220 381 609 792 1173 340 508 878 1403 1825 2703
145 228 393 629 818 1211 345 515 890 1423 1851 2741
150 235 406 649 844 1249 350 522 903 1443 1876 2779
v ; = P ¥ V- T S YT S—YT




Catalog cut of the PR-400-H regulator

(?S) Regulators

Single-Stage High-Purity/High Flow Brass and Stainless Steel Regulator

Ordering Information

EL Model 3200 Series
Description
High-purity regulators for use with high flow rate applications.
Applications
¢ Applications requiring a high flow rate, such as purging of large
reactor or storage vessels,
Design Features/Components
¢ High-purity nickel plated brass barstock or 316 stainless steel
2
@ * 316 stainless steel diaphragm
c * Panel mountable
o # Bonnets are ported and threaded to pipe gases away
"D* from the work area
by ¢ Available as an in-line regulator or a cylinder regulator
Materials of Construction
Body: 316 stainless steel or nickel plated
brass barstock
Bonnet: Stainless steel
Diaphragm: Teflon lined 316 stainless steel
Seak Kel-F 81
Seals: Teflon
Specifications
In-Line Regulator Cylinder Regulator
Maximum Inlet Pressure: 3000 psig 3000 psig
(20,700 kFa) (20,700 kFa)
Maximum Flow Rate: See Table Below*
Flow Capacity (Cv): 1.0 1.0
Operating Temperature: -40°F to 165°F -40°F to 165°F
{-40°C 1o 74°C) (~40°C to 74°C)
Inlet Ports: 1/2" NPT Female 1/2" NPT Female
Outlet Ports: 1/2" NPT Female 1/2" NFT Female
Cutlet Connection: None 1/2" tube fitting
Gauge Ports: 1/4" NPT Female 1/4" NPT Female
Bonnet Vent Port: 1/16" ENFT 1/18" FNPT
Shipping Weight: 4 lbs 51bs
* Maximum Flow Rates for In-Line Regulators and Cylinder
Regulators (at 2500 psig inlet pressure)
Delivery Pressure Flow Rate
50 psig 100 SCFM (2832 SLPM)
— R 1] psig 150 SCFM (4248 SLPM)
125 psig 200 SCEM (5664 SLPM)
200 psig 250 SCFM (7080 SLPM)

In-Line Regulator Models

Delvery Pressure Delivery Pressure
Model Number Range Gauge
Stainless Steel Models
3200 0-50 psig 0-100 psig
3201 0-100 psig 30°-0-200 psig
3203 0-150 psig 30°-0-300 psig
3204 0-250 psig 0-400 psig
Brass Models
3240 0-50 psig 0-100 psig
3241 0-100 psig 30°-0-200 psig
3243 0-150 psig (0-400 psig
3244 (0-250 psig (0-400 psig
Cylinder Regulator Models

Delivery Pressure  Delivery Pressure  Cylinder Pressura
Model Number Range Gauge Gauge
Stainless Steel Models
3200-CGA 0-50 psig 0-100 psig 0-3000 psig
3201-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3203-CGA 0-150 psig 30"-0-300 psig 0-3000 psig
3204-CGA 0-250 psig 0-400 psig 0-3000 psig
Brass Models
3240-CGA 0-50 psig 0-100 psig 0-3000 psig
3241-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3243-CGA 0-150 psig (0-400 psig 0-3000 psig
3244-CGA 0-250 psig (0-400 psig 0-3000 psig
Available CGA’s:

Brass: 3211, 346, 580, 590

Stainless Steel: 320, 325, 330, 346, 580, 590, 650, 705

Options
Model Number Description
63-2233 Inlet Pressure Gauge, 0-3000 psig -

316 Stainless Steel Gauge

For use with Model 3200-3204
Stainless Steel In-Line Regulators

63-3133 Inlet Pressure Gauge, 0-3000 psig -
Chrome Plated Brass Gauge For use with Model 3240-3244

Brass In-Line Regulators
KIT-0204-5A Panel Mounting Kit
MSP-0012-XX Inboard Helium Leak Rate Certification
MSP-0013-XX Combination Inbeard/Outboard Helium

Leak Rate Certification

www.mathesontrigas.com
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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 %2 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 Ibs.

The bending moment = P*L = 213 in-Ibs.
The pipe stress = M*c/l = (213 in-Ibs*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 Ibs.

The bending moment = P*L = 53 in-Ibs.
The pipe stress = M*c/l = (53 in-1bs*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 Ib. 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 ~100” movements of | Free to move at
insulated 0.3” supports

Particulate filter inlet | %" sch. 10 in VJ 33” leg must move 6.3 ksi

0.186” at end
Particulate filter inlet | %" sch. 10 in VJ 62” leg must move 1.0 ksi

0.1” atend
Particulate filter ¥%” sch. 10 in VJ 25” leg shrinks Bellows on VJ
outlet 0.075” axially
LAr supply to 1” pipe foam ~50” movements of | Free to move at
cryostat insulated 0.15” supports
Cryostat supply 0.5” OD x 0.065 22 leg must move 4.1 ksi

0.09” at end
Cryostat supply 0.5” OD x 0.065 30” leg must move 1.5 ksi

0.06” at end
Cryostat gas outlet 0.5” OD x 0.065 22” vertical leg must | 2.8 ksi

move 0.06” at end
Cryostat gas outlet 0.5” OD x 0.065 43” horizontal leg 0.2 ksi

must move 0.06” at

end
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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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2= Fermilab Fermi National Accelerator Laboratory

Tecknical Division-Machine Shop
Welder Performance Qualification Record

Welder’s Name | Daniel Knight FNAL # | J2125N | ASME# | W5
Welding Process: [1st | _GIAW [ Type | Manual 2nd_ | | Type |
Performed in accordance with: | Fermi WPE-55-8-001
Joint: Fillet: | Produetion Weld | Test Coupon |
Groove: | Double Welded: Yes | No |
Single Welded: Metat-Fused MealNonFused | MNoaMetal | Open Rooi | C bie Insert
Wit Bold Backing Without Solid Backing |
Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Tvpe 304/304L | ASMEP#3,Gp 1 | TO | ASMEP#8 Gp |
Plate Pipe Tube
Actual Thickness: Nominal Diameter: | Actual Diameter Overall Di . 0.250"
Qualified Renge: Wt/Schedule: Qualified Thickness Range | Wall: 0.035 "
Actual Thickness Qualified Diameter Range: . | Qualified Thickness Range: 0.070" Maximum
| Qualified Diameter Range: 0.250" Minimum
Filler: 1" Process 2" Process
Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): 035, .045, I/16 Diameter(s):
F# 6 F#
Deposit Thickness:  0.035 Range Qualification: 0.070 Maximum Deposit Thickness: Range Qualification:
Welding Position: 6G | If Vertical:  Uplull  Bews
Gas & C ition: | Shielding: Argon 99.9% Root Side Backing -  Argon 99.9%
Electrical Cha istics [ TypeCument | AG | BGCER DCEN |
| TrnsferGMAW | Sprav | Globular | Faiper | S
| Visual Inspecti
| Appearance: |  Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
aphic Test
Results: Satisfactory | Per ASME IX-2010
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level Il | Register # 5088 | Date: 092472013
Fillet Weld Test Results
Fracture Test:
(Location. Nature, and size of Crack or Tear in Specimen}
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch { O Convex | @ Concave
Test Conducted by: | Lab Test #:

Work#85613
Test Verified by: Michael Reynolds - 03993N | Verification Report #PRN 174793

‘We certify that the statements in this record are comect and that {he test welds were prepared, welded, and tested in accordance with the

requirements of ASME IX-2010 Fermi National Accelerator Laboratory
By: Michael Reynolds ~03993N

Signature

10/03/2013

Authorized Representative

Formi National Accelerator Laborstory / Kirk Road end Pine Street / PO, Box 500 / Batavia, IL 60510 / 530,840.3000 / wwiw.ingl.gov / fermilab@inai gov
82, Ofiice of Science /U.S. Depantment of Energy / Managed by Fermi Research Allance, LLG




~ ALLOYWELD INSPECTION COMPANY, INC,

796 MAPLELANE  PHONE: (630) 595-2145 FAX: (630) 505-2128 BENSENVILLE, ILLINOIS 60106-1585
X-RAY | ION REPORT

READER SHEET
5 DATE: SEPTEMBER 24, 2013
: FERMILAB ORDERNO:  PRN174793
KIRK RD & WILSON ST.
BATAVIA, IL 60510 REGISTERNO: 29795
WORK ORDER NO: 85612
PAGE 2 OF4
INSPECTION INFORMATION
PART NUMBER  WELDER QUALIFICATION | MATERIAL 304/304L ] HEAT CODE
FILMNUMBER Y973 NO OF VIEWS Z | NooF FiLM {8ICR SHOTS
'PROCESSED IN ACCORDANGE WITH:
ASME SECTION IX-2010
1/4" (4 TUBE MINIMUM) X .035 WALL 304/304L (KNIGHT #5) WPS -SS-8-001
X-RAY g
SERIAL NUMBER § S g 2 REMARKS OR OTHER DISCONTINUITIES
HHEHHHHEE
216|865 6|88 @
SN:1V1 X
V2 X
SN. 2 V1 A
V2 X
BN 3 V1 X
V2 X
SN:4V1 X
X
SN 5V1 X
V2 X

This report is limited 1o the defects of the type that can be located with the above method. Any changes tc shaded areas make this report

1 ALLOYWELD INSPECTFN\_RADIOGRAPFER SIGNATURE
RA
ACCEPTABLE . PCS. \ |

NON-CONFORMING _0_ PCS.

/ JENNIFERANAYA /|
\ NAS 410/ MIL-STD-410E LEVEIU
N

WELDING: ARC-HELIARC, BRAZING, SILVER AND SOFT SOLDERING « INSPECTION: MAGNETIC PARTICLE, PENETRANT, X-RAY,
COMPUTED RADIOLOGY, IMMERSION ULTRASONICS, PASSIVATING, NITAL ETCH, SURFACE TEMPER ETCH, STRESS RELIEF
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%= Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name | Dan Kni FNALE [ 16125 ASME# | 5
Welding Process: | 1st | GTAW | Type |  Manuel 2nd_| Type |
Performed in accordance with: P Fermi WPS-55-9-002
Joint: | Fille: | Production Weld ] Mest Coupon |
Groove: | Double Welded: ¥es | No

Single Welded: Metat Fused Metat-NonFused | NonMetd |  OpenRool | Consumablednsert
With Sotid Backing Without Solid Backing |

Base Metal: | Specification: | SA 213, Type 304/304L | To | SA 213,Type 304/304L. | ASMEP#8Gp 1 | To | ASMEP #8Gp |
Plate ; Pipe 1 Tuabe
Actual Thickness: Nominal Diameler: | Actual Diameter: Overall Diameter: 0.500°"
Qualified Range: Wi/Schedule: Qualified Thickness Range: Wall: 0.095
Actual Thickness: Qualified Diameter Range: Qualified Thickness Range: 0.190 Maximum
[ Qualified Diameter Range:.500""- Unlimited
Filler: 1% Process 2 Process
| Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): .045, 1/16, 3/32 Diameter(s):
F#:. 6 F #:
Deposit Thickness: _0.095 Range Qualification: 0.190 Max. Deposit Thickness: | Range Qualification:
Welding Position: 6G If Vertical: Uphill
Gas & 2 Shielding: Argon 99.9% Root Side Backing | Argon 99.9%
Electrical Characteristics Type Cumrent | AC [ DCEP DCEN |
Transfer GTAW | Spray | Globular _ | Pulse | Short Circuit
For Information Only Machine Welding
Filler Metal Trade Name: Control: Q  Visual QO  Remote Visual
SAW Flux Trade Name: Arc Voltage Control: Q  Auto Q  Other:
Shielding Gas Trade Name: Joint Tracking: O Yes O  No
| Visual Inspection
_ Appearance: | Satisfactory &a¥| Undercut: | None [ Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducled by: Lab Test #: Date:
Radi hic Test
Results: Satisfactory i Per ASME -1X-2010 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co.. Inc. | Examiner: Jeanifer Anaya-Level 11 | Register # 29795 | Date: 09/24/13
Fillet Weld Test Results
Fracture Test:
(Location. Nature. and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macre Test: Fusion
Appearance: Fillet Size inch X inch | O Convex | @ Concave
Test Conducted by: Michael Reynolds # 03993 | Lab Test # P # 174793
We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of ASME IX-2010 Fermi National Accelerator Laboratory
By: Michael Reynolds & 03993 Date  09/24/13

Ferm| National Accelerstor Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 530.840.3000 / www.inal.gov / fermilab@fnal gov
"CES, Oftice of Sclence / U.S. Department of Enorgy / Maneged by Fermi Research Alliance, LLC
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- ALLOYWELD INSPECTION COMPANY, ING.

796 MAPLE LANE =~ PHONE: (630) 595-2145 FAX: (630) 595-2128 BENSENVILLE, ILLINOIS 60106-1585
X-RAY IM§E'E TION REPORT

READER SHEET
DATE: SEPTEMBER 24, 2013
TO:
FERMILAB ORDER NO: PRN174793
KIRK RD & WILSON ST.
BATAVIA, IL 60510 REGISTER NO: 29795
WORK ORDER NO: 85613
PAGE 4 COF4
INSPECTION INFORMATION
PART NUMBER  WELDER QUALIFICATION IMATERIAL 304/304L I HEAT CODE
FILM NUMBER Y973 NO OF VIEWS 2 i NO OF FILM (8}CR SHOTS
PR INACCORDANCE WITH:;
ASME SECTION IX-2010
1/2" (4 TUBE MIN) X .095 WALL 304/304L (KNIGHT #5) WPS-SS 9-002
-4 »
2
XRAY é g E 8
SERIAL NUMBER S Slel|g °lz|2 3 REMARKS OR OTHER DISCONTINUITIES
E|= s
HHEHEHHE $|a
SN: 1V1 %
—B_SN: 2 V1 X
V2 X
SN: 3 Vi X
A x
SN: 41 X
V2 X A
SN: 51 X
X

This report is limited to the defects of the type that can be located with the above method. Any changes to shaded areas make this report

. ALLOYWELD'NSPECYOB RAPHER SIGNATURE
-—
ACCEPTABLE ______ PCS. \ L . I s o

NON-CONFORMING PCS.

£
JENNIFER ANAYA / \
NAS 410/ MIL-STD-410E LEVELS |

WELDING: ARC-HELIARC, BRAZING, SILYER AND SOFT SOLDERING « INSPECTION: MAGNETIC PARTICLE, PENETRANT, X-RAY,
COMPUTED RADIOLOGY, IMMERSION ULTRASONICS, PASSIVATING, NITAL ETCH, SURFACE TEMPER ETCH, STRESS RELIEF
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2 Fermilab

Fermi National Accelerator Laboratory

Technical Division-Maching Shop

Welder Performance Qualification Record

Welder's Name | . Daniel Watkins FNAL# | 03991N ASME# | w24
Welding Process: [1st | GTAw | Type | Meniser! 2nd | Fepe |
Performed in accordance with: Fermi WPS-55-8-001
Joint: | FHet _ I Praduciion-Weld | Test Coupon [
Groove: M ¥es | No |
. Single Wetded’ Matal Fysed Matal Men Fused | MoaMetat | Open Root | Consumable Insert
B With-Salid Backing Without Selid Backing |
Rase Metal: | Specjﬁcaz'mh: | SA 213, Type 304/304L | TO | SA 213, Type 3045041 | ASMEP#8, Gp 1 | TO | ASMEP #8, Gp |
Pl Pipe: ) B Tulwe
| _Actual Thickness: Mominal Diameter: | Actual Diameter Overall Diameter: 0.250"
Qualified Range: Wi/Schedule: s Qualified Thickness Range Wall: fL035"
= Actual Thickness Cuialified Mameter Range: Cualified Thickness Range: 0,070 Mavimuem
Qualified Diameter Range: 0.250” Mininum
[ Filler: _ 1% Process B 2" Process B
Specification: 5.9 Class: J08/308L Specification: | Class:
Diameter(s): 035 i - : | Diameter{s): 4
[E#:_ 6 g £5 F . _
Deposit Thickness: 0,035 | Range Qualification: @070 Maimum Depasit Thickness: Range Qualification; |
Welding Position: 60 - If Vertical: Uphill _Dewen - & R
Gas (Type & Composition: Shielding: Argon 09 G5 Root Side Backing - Argon 99.0% i
Electrical Characteristics Type Current | AC [ DPCER DCEN | . N
| TremsterGMAW | Spray | Globular | Pubse | ShertCireuit
i3 i ) _ ) Visual Iuspgclim{ ' -
| Appearance: | Satsfactory | Undescut: | None |_Piping Porosity: | _ None &
) _Guided Bend Test o . )
Type and Figure Results . Type and Figore Resulis Type and Figure Besults :
T O 5 it ™" T TN
. - : __Eﬁdiﬁgmph_ip_]'és-t e -
 Results: Satisfiaciory _ | Per ASME IX-2007 |
Radiographer: Alioyweld Inspection Co., fuc. EIR Examiner: Jennifer Anaya-Level T | Repister # - | Date:
) - “Fillet Weld Test Results ]
Fraciure Test:
s : {Location, Mature, and size of Crack or Tear in Specimen) - =
Length of Weld: = | Length of Defect: | Percent of Defect -
Macro Test: Fusion : ) o )
Appearance: Fillet Size  « inch X inch 1 O Convex | @ Concave
Test Conducted by: o | Lab Test #: B
Test Verified by: Roger Hiller, 0362N Yerilication Repor # & ] N L ]
: Signature
We certifly that the statements in this recard are correct and thal the test welds were prepared, welded, and tested in accordance with the
requirements of  ASME IX.2007 Fermi National Accelerator Laboratory ) -
By: Roger Hiller 00363M [rate:

Authorized Representative

Férmi Netional Accelerater Laboratory / Kirk Road and Fine Street § PO, Box SO0 F Barania, IL 50510 7 B30.840.3000 / wew.inal.goy / fermilab &l gov

m Office of Seience J ULS. Department ol Energy / Managed by Fermi Research Affance, L1LC
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a¢ Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop
Welder Performance Qualification Record

| Welder’s Name | _Daniel Warkins FNAL# |  0399/N ASME# | W24
Welding Process: | 15t | GTAW | Type | Manwal | 2nd | Type |
Performed in accordance with: | -  Fermi WPS-55-8-001 B
- : - | R | e e i
Groove: | PoubleWelded: ¥es | Neo | : ] -
Single Welded: Metal Fused Mstal-NonEused | Nen-Metel | __Open Root | Consumable Insert |
With-Selid Backing Withaut Solid Backing |

Base Metal: | Specification: | SA 213, Type 304/304L | TO | 8A 213, Type 304/304L | ASME P #8, Gp 1 | 10 | ASMEP # &, G ]
Plate Pipe Tuhe
Actual Thickness: Mominal Dianaeter, | Aciual Dismeter Overall Dimpeter; 0.2507
Chalified Range: WifSchedule: Qualified Thickness Range Wall: .035"
| Actual Thickness - Qualified Diameter Range: . | Qualified Thickness Range: 0.070" Merimun
. I Qualified Diameter Range: 0.250" Minimuon
Filler: | 1" Process 2" Process
Specification: 5.9 Clazs: 308/3081 |_Specification; Class, n
Diameter(s): 035, (045, 1716 e Diameter(s): o .
F# 6 F#:
Deposit Thickness: (L0335 Rangs Qualification: 0070 Maximum Deposit Thickness: | Range Qualification:
Welding Position: 66 If Verlical:  Uphill _Dewn - _ ]
Gas (Type & Composition: Shielding: Al'gcr:ﬁﬁ.g% Root Side Backing - Al rgon 99,0% o
| Flectrical Characteristics Type Curent | AC | DCER DCEN | P

TronsforGMAW |  Spey | Globular | Pale | Shew Ciomit

Visual Inspection

Appeavance: | Satigfactory | Undereut: | None | Piping Porosity: | None
i o  Guided Bend Test R ] B
Typeand Figure | Hesulig | Type and Figore Hesalts | Typeand Fignre Results
B o L R e T B T L T R v
T RadiographicTest ' i
Results: Satisfuctory - | Per ASME IX-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. [ Examiner; Jennifer Anava-Level If [ Repister #6760 | Date: B2002000
o o Fillet Weld Test Results
Fracmre Test:
o {Location, Matre, am_ll fi'm of Crack or Tear in Specimen) B _ ]
| Length of Weld: oo | Lengthof Defect: | Percent of Defect _
Macro Test: Fusion R far )
Appearance; Fillet Size __inch X __inch O Convex | O Concave
Test Conducted by | Lab Test#: o
Test Verified by: Roger Hiller, 0362N Yerification Report #5712010-2RH sz

T Signatue

requirements of  ASME IX-2007 & AWS D11-06 _ Fermi National Accelerator Laborato.

By Roger Hiller 00362M Date:
{ ,Edt Mv CoBEA N 8/20/2010

o E'ﬁt@szed Beptesentafive

Fermi Mationsl Accalerator Laboratory | Kirk Rosd snd Fine Streot [ PO, Box 500 / Batavis, IL 60510 § 630,840.3000 Feewveinal.ges / fesmilabdiinal gov
R85, Office of Scianca /1.5, Daparment of Energy  Managed by Fenmi Research Alliance, LLC
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3F Fermiiab Fermi National Accelerator Laboratory

Techuical Division-Machine Shop

Welder Performance Qualification Record

Welder's Name | Dariiel Warking FNAL# | 03391 ASME # [ Wiid
Welding Process: | 1st | GTAW [ Type |  Manual d | Type |
Performed in accordance with: | Fermi WPE 55-3,R4

Joint: Falhus _"_-_"_-_r-" Production Weld |_" Test (Toup;:;-':'z'. N
Groove: Prondide-Webded: Fes | No | i
Single Welded: Metal-Fasesd Metal-Non-Fused | Mea-Motal | OpenRoot | Consumablednsert |
Whth-Selid-Backing Without Solid Backing |

Base Metal: | Specification: | SA 312, Gr30d | TO |  §A312,Gr30d4 | ASMEP#3, Gp. I | TO | ASMEP#8 Gp. |
Plate Pipe Tubo

Acmuial Thickness: Mominal Diameter: 4 | Aciual Diameter; £.5" Overall Diameler:

Qualified Range: Wi/Schedule; Sch, 80 Qualified Thickness Range; 0-0L674 | Walk:

Actual Thickness: 0.337 Oualified Diameter Range: 2.873" minimem | Qualified Thickness Range:

2 | Qualified Diameter Range:

enmer s 1t sa ey

Filler: B 1" Process : 2™ Process
Specificaiion: §FA 5.9 Class:  ER 308308F Specification: Class:
Diameter(s): /16" 3/32"@ Diameter(s):
F# @ [Fa:

Deposit Thickness: 00337 Range Cualification: 0-0.674" | Deposit Thickness: Range Qualification;

S —

AR -

Welding Position: 66 If Vertical: Upward  Beswn
Gas (Type & Composition: Shielding; Argen 99.9% Root Side Backing | Argon 99.9%
Electrical Charactevistics | TvpeCwrrent | AC | DBCEP | DCEN |

Transfer GMAW | S-pt-af_rl | Glebular | Pulse [ Sl Gireuil

— e BT - o oapietidi : —
Appearance; | Satisfactory T Unddercut: | . | Piping Porosity: |‘

e

- Guided Bend Test
Type and Figure Results Typeand Figure | Resolis Type and Figure Results

S e _Radiogra hic Test st o
Results: SHLL‘,f'I-I‘[Dﬂ-‘ Per ASME TX-2007 and AWS DI, 1- UHS. .
Radiographer: Allgyweld inspection Co,, lite. | Examiner: Jennifer Anaya-Level 1l | Register #6760 | Date: 820/2010

Fillet Weld Test Rt‘ﬂl“‘.ﬂ
Fracture Test; (Lacation, Mature, and size of Crack or Tear in Specimen)

“Length of Weld: | Lengih of Defeet: S | Percentof Defect |
Macro Test: Fusion -
Appearance; Fillet Size inch X inch | O Convex | O Concayve

Test Conducted by | Lab Test #:

Test Verified by Michae! Reynolds, 039093N | Verification Report #522070-4-MR

We certify that the stalements in this record are correct and that the test welds were prepared,
requirements of  ASME IX-2007, Fermi National Accelerator Lab-:irm.-:rry

By: Rager Hiller: mmzﬁd.w% Dite:
g 1)
S— Ul sozsy 2020 _

Forml Matlonal Accaleratar Laboratory / Kirk Road and Ping Strest / 2.0, Box 580 7/ Batavia, 1L 60590 ¢ 630, 340.3000 7w fnal, gov § fermaabdiinal gey
PG, Oftice of Seience / ULS. Department of Enargy  Managed by Forml Research Aancs, LLC
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¢ rermilab  Fermi National Accelerator Laboratory

Technical Divisinn-Machine Shop
Welder Performance Qualification Record

Welder’s Name |  Daniel Waiking FNAL # | 0300IN ASME# | W24
Welding Process: | 15t | Graw [ Type | Manual 2ud | Type |
Performed in accordance with: | Fermi WPS-85-9-002
Juint: Fille TR h:mw_ 1 Preduction Weld | Test Coupon ! s
Groove: | Double Welded: Yes | Mo |
Single Welded Metal Eused Motal Mon-Fased | Non-Matsl | Open Root | Consumable Insert
With-Solid Backing Without Solid Backing |

Base Metal: | Specification: | SA4 273, Type 304/304L | TO | 84 243, Type 30:4/3041, E A.S‘MEF #8, Gp f | TO | ASME P # 8, Gp |
Plate Pipe Tube
, Actual Thickness: Mominal Dinmeter: | Aciual Diameter Owerall Dianmeier: 300"
Cialified Range: Wi/Schedule: . Qualified Thickness Range Wall: 0.095"
Actual Thickness | Qualified Diamerer Range Qualified Thickness Range: 0. /90" Maxinum
| Qualified Diameter Range: 0, 5007 Minmum
Filler: | 1" Process - 2" Process o
_Specification: 3.9 Class: 308308L o Specification: N Class:
Dinmeter{s): 045, 1/15, 3732 Dhameter{s):
F#: & s Fi#:
Deposit Thickness:  £.095 Range Chualification: 0790 Moximum Deposit Thickness: Range Qualification:
Welding Position: 66 If Vertical: Uphill Bewn | o
Gas (Type & Composition: Shielding: Argon 00,00 Root Side Backing - Argon 99.0% :
Electrical Characteristics Type Coment | AS | BEER DCEN |
| TrenclerGMAW | Spray | Glebular | Pulse | Shert Ciseuit
o Visual Inspection -
Appearance: | _ Satisfactory I Unelercut; | Manie | Piping Porosity; | MNone L
k. o - Guided Bend Test e R . P
Type and Figure Besults | Type and Fignre Resulis Type and Figawe [ Resulis i
| Test Conducled b e ____ e | Lab Test # Date:
T o _ Radiographic Test . ) ]
| Besulis: Savisfactory l Per ASME IX-2007 and AWS D1.1-06 L
Rediographer: Alloyweld Inspection Co., Ine. | Examiner: Jennifer Anaya-Level il | Register 6760 | Date: 5/24/2010
""""""""" - Tillet Weld Test Results §
Fracture Test:
e (Location, Mature, and size of Crack or Tear in Specirmen) M_
Length of Weld: | Length of Defect: | Percent of Defect
Appearance: Fillet Size inch X inch | O Convex | O Concave E
| Test Conducted by o | Lab Test #
| Test Verificd by: Roger Hiller 00362N Verification Report #5272010-2 Jv o 5

Signature

We certify that the sLatements in this record are correct and that the test welds were prepaved, welded, and tested in accordance with the
requirements of  ASME IX-2007 & AWS D1.1-06  Fermi National Acceleraior Laboratory

Ey: Roger Hiller 0 @M}, - Mﬁﬁ ________ l I &20/2010

Aunthorized Representatve T - pii]

—

Ferml National Aceeleraior Laboratory / Kirk Foad and Pine Straet / 2.0, Box 500 £ Batavia, IL 606107 G30.640.3000 [ wew.inal.pev § frmilaba@ nal_gov
FET, Office of Sclenes ¢ U5, Depariment of Energy / Managed by Fermi Ressarch Alliancs, LLE
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Liquid Argon Particulate Filter for LArIAT

-_“-"h' Fermilab
EXHIBIT B -
Pressure Testing Permiti  *

, ¥ Date: DS24/08
Type of Test: [Hydrostatie [ X] Pneumatic 4

Test Pressure 167 psig - Maximum Allowable Working Pressure - 150 psig =

Items to be Tested
1.) Particulate filter between HV-301-A and HV-303- A

See color coded flow diagram

LOcation of Test MC7 ‘Date and Time _2/2 f//J/ Cfpe

- Hazards Involved (use Hazard Analysis form FESHM 2060 if more space is required)
The pressure is low and the volume of the filter is only ~0.4 cubic feet. The biggest hazard is accidental
pressurization of the cryostat which only has a MAWP of 30 psig or the Molecular Sieve filter with MAWP of 100

psig.

Safety Precautions Taken
Relief valve on source setto 184 psig. Valves HV-301-A and HV-303-A will be closed. A vent valve on the

cryostat will be opened to ensure that the cryostat does not inadvertently get pressurized as part of this test (If
HV-303-A leaks through). ‘A vent valve on the filter will be opened to protect it in case HV- 301-A leaks. 3

Spec1al Conditions or Requirements
- Pressurize to ~85 psig, check for leaks. Pressurize to 167 psig. Hold for 10 minutes. Reduce to 150 psig. Hold for

at least 10 minutes while checking for leaks Monitor filter vacuum ]acket through out test

Quahﬂed Person and Test Coordinator _ Russ Rucinski, PPD/ Mechanical Dept.

Dept/Date ‘ e
Division/Scction Safcty Officer ' Cle -,IC)’](./ / 'L-\L l/:"7‘“{ 7/U
Dept/Date O 4 ] /A’?)(I / <
Results '

/’/ifpzﬂ 5 5%}4&7 /i’;z?fyg?&/.

Witness é//y% AW DepyDate YD) 7\2%? 2/ 24 l//‘?/

(Safety fficer or Designee)
* Must be signed by division/section safety officer prior to conductmg test. Itis the respons1b111ty of the test
coordinator to obtain signatures.

Fermilab ES&H Manugl ' ,  5034TA -1
. ‘ Rev. 03/2009

WARNING This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http:/iwwi-esh figl, gov/p/s/deg/u/r/esh panuals.html.




Reference:

Ashcroft 4" 0-200 psig gauge

Pressure Test Results

Serial# : N/A

* Revision: 2/13/13 RKB. ,
Test ltem Mfr: Fermilab. Test date: 2/24/2015
Model: Cryo Particuiate filter Test range: 0—167p’sig a

_Time | Pressure (psig)] Results Notes T _ | Intitials '
0815 ___20.0[Residual pressure from overnight. Cryostat pressure check: 30.3psid RKB |RAR
0825 20.0| Start test. ' Cryostat pressure: 30.3 psia | RKB |RAR |
0832 85.0] Snoopcheck: OK Cryostat pressure: 30.3 psia| RKB [RAR
0833 85.0] Isolate - Cryostat pressure: 30.3 psia | RKB |RAR

0843 85.0] OK; Increasing to target ' Cryostat pressure: 30.3 psia| RKB |[RAR
0847 167.0| Isolated ' Cryostat pressure: 30.3 psia | RKB |RAR
0857 167.0] OK: Passed test. - : Cryostat pressure: 30.3 psia | RKB [RAR

0900 | 150.0| Reduced press. for post test snoop chk. Cryostat pressure: 30.3 psia] RKB |RAR
0910 150.0] Snoop check OK. ‘ Cryostat pressure: 30.3 psia | RKB |RAR
0935 ~10]  open HV-301A to equallize with mole sieve vessel for next test. RKB. |RAR




Liquid Argon Supply Piping for LArIAT
1!-".“- Fermilab
EXHIBIT B
Pressure Testing Permiti
" Date: /2/24///{ ,
Type of Test: [{Hydrostatie [X]Pneumatic R

Test Pressure . 112 psig - Maximum Allowable Working Pressure 100 ; psig - .

Items to be Tested :
1.) LAr supply pipe: 1” sch. 10 pipe, foam insulated x ~30 feet, from outside MC7 to filter
2.) Molecular Sieve & Copper filter inner vessel (80 liters volume)
3.) LAr supply pipe: %" sch.10 pipe up to HV-300-A and HV-301-A.
4.) Regeneration piping, 17 OD x 0.095” wall from outside MC7 to Mole Sieve filter.
See color coded flow diagram

Location of Test MC7 ‘ Date and Time ZA'E‘/{ 0730
- ' ” 7 A

Hazards Involved (use Hazard Analysis form FESHM 2060 if more space is required)
The pressure of 112 psig is very low and the hazards from it are low as well. The biggest hazard is accidental
pressurization of the cryostat which only has a MAWP of 30 psig.

Safety Precautions Taken '
Relief valve on source set to 120 psig. Valves HV-300-A and HV-301-A will be closed. A vent valve on the -

cryostat will be opened to ensure that the cryostat does not inadvertently get pressurized as part of this test (If
HV-300-A leaks through) .

Special Conditions or Requirements »
Pressurize to ~56 psig, check for leaks. Pressurize to 112 ps1g Hold for 10 minutes. Reduce to 100 p51g Hold for

at least 10 mmutes while checking for leaks.

Qualified Person and Test Coordinator ~ Russ Rucinski, PPD/Mechanical Dept.

Dept/Date ‘
Division/Section Safety Officer F/f(, ( , D@\C% A i3 7 "1l 71/ ;
Dept/Date - , ‘ Pp 254 & ﬁ 1/ 2 L/ ,/ L&

Gfedt” Lo /ét“/ e rypgh»} /}ﬂ}z iz ﬂ/f.‘rte’ /‘0
‘e e /»/y‘)’.«'/f/‘lp / . /f‘.ﬂf? X i ld4
v /Jﬁ/e/’-d/’/ fprn " reteatitw Fpsly, Theedipcen? s (z,)"ﬂ-f.r’
Ppawed  The [Kfrrnerebpe PIPIne fopSipn HU-S22K opnt
- FITH 2p 8 =i A byl b re-JesTel affer 1EOG/rS,

Witness % /&/, / 37”7"&.‘ Dept/Date - FD 'F“?Y‘[VL Q/:z'«//g

(Safety Qfficer or Designes)
* Must be signed by diyjSion/section safety officer prior to conducting test. It is the responsibility of the test
coordinator to obtain signatures.

Result: v , .
‘esu ] L,//z/‘/ Sfcféfja’

Fermilab ES&H Manual ’ : : 5034TA - 1
: Re"() 03/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http:/An=ash fhal gow/plsldetaultiesh_manials.biml.




Reference:

Pressure Test Results - . 'Revision; 2/13/'1.3‘RKB'>

Ashcroft 4" 0-200 psig gauge . Test Item Mfr: Eden Cryo Test date; 2/24/2015
Model: Mole Sieve Vessel piping - i ‘Testrange: 0-112psig
Serial#: 8 B T S R
Time | Pressure (psig) Results Notes Intitials |tness
0930 ~10 " Start RKB |RAR
1 0935 Open HV-301A to equalize pressure from filter ass'y. RKB '|RAR
0948 56.0 ‘ Increased to first pressure step. - : RKB  {RAR
0953 58.0] Isolated Regen pipe section (known leaks) at HV-422A, 427A, &411A ' RKB. |RAR
0953 58 (55/57) upstream test gauge Pl-test (downstream: PI-410H / PI-652A) RKB  |RAR
1005 56 (85 /57)] HV-422A found not tight closed, bleeding into regen section; corrected - RKB. |RAR
1015 55 (55 /-57) Slight drop upstream side; downstream side holding RKB |RAR
1027 112 (112/113) Increase to target test pressure; re-isolated regen piping RKB_[RAR"
1037 108(112/113) Upstream leaks found at plugged relief and VCR flttmg, corrected - RKB* JRAR
1043 ] 112 (112/113) Re-pressurized & isolated. ; RKB. "|RAR
1053 110(112/113) Shght drop upstream side; downstream side holding - RKB |[RAR
10591 112 (112/113)] Re-pressurized & isolated. RKB [RAR
1110] 110(112/113) Slight drop upstream side; downstream side holding RKB [RAR
1116{ 112 (1127 113) ‘ Pressurized with LCV-105A closed RKB |RAR
1126 1111.5 (112 / 113) Smaller drop. Found leak down.stream of LCV-105A:; corrected. RKB |RAR |
1132{ 112 (1127 113) - Re-pressurized & isolated. LCV-105A open RKB |RAR:
1142 112 (112/113) Test sections passed (See note below) RKB [RAR
Note: This test was performed with a known leak at thermowells in the
regen piping section. This portion was left in place to provide a path to
pressurize & test piping on either adjacent sides. The leaking section was
isolated by HV-422A 411A, & 427A valves during the retention portions of
testing. The regen piping section between those valves will need to be re- |
tested after repairs have been completed. Pressures for section downstream
of the isolated section were recorded from PI-410H & PI-652A and appear ' - '
within parentheses in the Pressure column. RKB [RAR ' |
Note: Vacuum readmgs observed during testing did not show any sign of B R
internal leakage to the vessel's insulation vacuum gpace. _RKB |[RAR




Piping attached to Cryostat for LArIAT

';E Fermilab

EXHIBIT B :
Pressure Testing Permiti , [
: _ : Date: R/ 24 / 5
Type of Test: [JHydrestatie [ X]Pneumatic ' = s

Test Pressure © 35 - psig Maximum Allowable Working Pressure 30 psig

Items to be Tested
1) LAr Piping attached to the LATIAT cryostat From HV-303-A to the cryostat to PCV 220-A.

See color coded ﬂow diagram

Location of Test MC7 Date‘ and Time Q /Z?/ 5 / 5 3& B

Hazards Involved (use Hazard Analysis form FESHM 2060 if more space is requlred)
The pressure is low. The cryostat vessel is contained within a vacuum jacket. Stored energy is equlvalent to0.11b

of TNT. Thatisn't very much a large fire cracker.

Safety Precautions Taken
Relief valve on source set to 38 psig. Will need to have relief devices on cryostat blanked off. Stay at least 5 feet

from cryostat and do not stand near large flanged head

Special Conditions or Requirements
Pressurize to ~17 psig, hold for 10 minutes. Check for leaks. Pressurize to 35 p51g Hold for 10 minutes. Reduce

to 30 psig. Hold for at least 10 minutes while checking for leaks.

Quahfled Person and Test Coordmator Russ Rucinski, PPD/ Mechanical Dept.

Dept/Date

Division/Section Safety Offlcer V ﬂ il l/h < l/é{,‘, / 5:7,4,2 /(/
Dept/Date YO (STl _é:,l/;;LL/L [/5 ,

Results

%;,f/ /'/')A»v’/f,

 Witness /m///t,\%/“/ 74\) De'pt/Date 5 J/D‘{//S/

(Safety Officet or Designee)
* Must be signed by divisién/section safety officer prior to conductmg test. Itis the respons1b1hty of the test

coordinator to obtain signatures.

Fermilab ESGH Manual ' 5034TA - 1
Rev. 03/2009

WARNING This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is Sfound at
bt fw-gsh el gov/v[s/de/az//t esh_inanvals.fml.




Reference:

Pressure Test Results : ' Revision: 2/13/13 RKB

1407

USG 4" 0-100 psig Test ltem Mfr; PHPK - Test date: 2/24/2015
W9:41 AM 0-150 psia #UU13990 Model:LArAT Cryostat Test range: 0-35psig
Serial# : 4821 (W/ insul. vac.)
Time| Pressure : Results Notes Intitials [Witness |
1336  29.5(43.5) Equalize pressure with previous test volume (Mole Sieve Vessel) . | RKB [RAR
1345 29.5 (43.5) Isolated from Mole Sieve at HV-301A & 300A Vac: 56.7 mT "~ RKB [RAR
1346 | Increasing pressure to Test target. Vac: 58.6 mT RKB [RAR
1357 35.2 (49.2) Isolated & holding. Vac: 60.7 mT RKB |RAR "
35.1(49.2) unit passes Vac: 64 5mT RKB RAR

Note: Wallace & Tiernan 0-150 psia 6" test gauge (PI-218A) readmgs shown _ o

in parentheses in pressure column.




Piping attached to Cryostat for LArTIAT

Equivalent pounds of TNT from a pneumatic leak test pipe explosion
Ref.. Industrial Risk Insurers Information Bulletin, March 2, 1992, #1M.8.0.1.1 :
gw  4/9/2007

. o Ly We = 4 63E-8*P1*V1*In(P1/14.7) TNT equivalentin
IRIIB Eq. 18E . . tons . ' E
P1 = internal pressure, psia, = psig + 14.7
V1= volume in ft?

Eq18E | Eq.18E
~tons TNT +| Ibs TNT
0.00006 011

Rough damage information with regard to overpressure:

0.2 psi - breaks windows

0.5 - 1.0 psi - shatters windows with body penetrating velocity

1.0 - 2.0 psi - destroys typical wood frame structures

2.0 - 3.0 - blows in brick facing of steel frame building

5.0 psi - eardrum rupture

8.0 psi - fatal head engury (due to being propelled into stationary objects)
10.0 psi - serious lung damage

11 - 15.0 psi - fatal bodily injury (lung rupture or internal organs displacement)

- Evacuation distances:
< 13 pounds TNT - 100 feet

> 13 pounds < 26 pounds TNT - 200 feet
> 26 < 32 pounds TNT - 300 feet

Fermilab ES&H Manual : o 5034TA -2
Rev. 03/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
htp:Aow-esh fual. gov/plsidefoultiesh manugis himl.
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