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1.1 - System Description

The Liquid Argon R&D effort at Fermilab has fabricated a materials test station
and a time projection chamber (TPC) at the Proton Assembly Building (PAB).
Liquid argon time projection chambers (LArTPCs) are the future of long-baseline
neutrino oscillation physics and present several engineering challenges.

When a high energy charged particle passes through a medium, the particle
leaves a path of ionization electrons which can be detected, tagging the path of
the incoming particle. In a LArTPC, the medium is liquid argon (LAr) and the
paths of ionization electrons are detected by drifting the electrons over meters to
wire planes. These wire planes are oriented in such a way that the magnitude
and position of each path can be reconstructed. Thus a data acquisition system
records many snapshots of the appearance of ionization electrons each second
[at 2-3 MHZz]. Put in sequence, physicists can reconstruct each particle's path,
which results in gorgeous bubble-chamber-like images. From the topology and
energy deposited along each track, specific interactions can be reconstructed.

The materials test station will help determine what materials can be used to
construct a detector without polluting the argon. Purity is an issue because polar
molecules and atoms without full outer electron shells (which every element has
except for noble gases, which argon is) attract electrons. These contaminants -
predominantly water and oxygen - will absorb the ionization electrons to make
themselves happy, at the expense of the evidence of the particle interaction.
Liquid argon calorimeters have been successfully operated at Fermilab with
electro-negative contaminants at the level of 10”. The liquid argon TPC requires
electronegative contaminants not to exceed 10" or 10 parts per trillion.

To measure such contamination levels, a purity monitor is used. The purity
monitor measures purity by firing a light pulse from a xenon lamp at a
photocathode and then drifting the ejected electrons to the anode with an electric
field. The fraction of electrons surviving the transit from the cathode to the anode
gives a measure of the argon.

Fermilab print 3942.510-ME-435365 documents the cryogenic system piping.

The materials test station (Luke) is a 250 liter liquid argon ASME coded cryostat.
The cryostat has several key features.

* An “air lock” for introducing materials into the liquid argon. Materials are
placed into a basket above a gate valve. The space above the valve can
either be evacuated or purged with argon to remove the atmospheric
contaminants. This basket can then be lowered into cryostat and
positioned in the argon vapor or the argon liquid to study the
contamination effects of the test material.
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* A vapor pump with oxygen and water removing filter material. The pump
uses a heater to create vapor which pushes the liquid argon out the
bottom of the filter housing. When the heater is turned off, a valve opens
at the top of the filter which equalizes the pressure in the filter and cryostat
vapor spaces and allows liquid to flow back into the filter housing. All
tubing used to construct the filter assembly is less than 6 inches in
diameter such that no part of it is a pressure vessel.

* A condenser that uses liquid nitrogen to condense the liquid argon boil off
vapor so that the system may remain closed. All tubing used to construct
the condenser LAr and LN2 spaces is less than or equal to 6 inches in
diameter such that it is not a pressure vessel. The argon vapor
condensation rate is controlled by adjusting the level of liquid nitrogen in
the condenser.

* The use of metal seals on all flanges to prevent the diffusion of oxygen
that occurs with o-rings. The only o-rings in the system are on relief
valves and the large top flange. The down stream side of the relief valves
are purged with argon to prevent oxygen diffusion. The space between
the two concentric o-rings on the top flange is evacuated to prevent
oxygen diffusion.

* Ports on the cryostat allow the introduction of contamination gas to study
the effects of nitrogen, carbon dioxide, etc.

* An internal heater to build vapor pressure for quick control response.

Liquid argon is supplied by up to four FNAL stockroom high pressure dewars.
These supply dewars have their reliefs set at 350 psig. The trapped volume
reliefs on the liquid argon transfer line are set at 400 psig. Thus all
components between the source dewars and the cryostat are rated for at
least 400 psig.

The “P-bar Molecular Sieve Filtering Dewar” contains a molecular sieve
intended to remove water from the liquid argon. The dewar is a vacuum
jacketed ASME vessel originally used to store liquid helium with an internal
MAWP of 35 psig. In this implementation it is just a convenient method to
support and insulate a filter housing. Both the vacuum jacket and inner
vessel are evacuated during operation. The liquid argon is contained in the
piping and filter housing. The liquid does not reside in the inner vessel. This
system is not considered a pressure vessel because it is relieved at
atmospheric pressure. The molecular sieve is regenerated by isolating the
filter housing and heating the filter material while vacuum pumping. With an
internal volume of 160 liters, the dewar is too small to fall under the FESHM
5033 Vacuum Vessel Safety Guidelines.

The “P-bar Oxygen Filtering Dewar” contains an oxygen filter that removes
oxygen by oxidation to a high surface area copper alumina catalyst. The
dewar is a vacuum jacketed ASME vessel identical to the “P-bar Molecular
Sieve Filtering Dewar.” Both the vacuum jacket and inner vessel are
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evacuated during normal operation and the inner vessel shares a common
vacuum with much of the liquid argon transfer line. The liquid argon is
contained in the piping and filter housing. The liquid does not reside in the
inner vessel. In this system it is not considered a pressure vessel because it
is relieved at near atmospheric pressure. The oxygen filter is regenerated by
heating the filter to 250 °C and flowing a mixture of 5% hydrogen and 95%
argon thru the filter while the filter is isolated from the rest of the system. The
gas mix is considered flammable and the system was previously reviewed by
Jim Priest.

Liquid nitrogen is supplied to Luke’s condenser from an 1875 gallon liquid
nitrogen tank located outside PAB. The liquid nitrogen flows thru a vacuum
jacketed line into PAB where solenoid valves control the flow. A cool down
valve bypasses the condenser so that warm vapor is not added to the
condenser. All nitrogen gas vents outside PAB. The liquid nitrogen tank is
equipped with a fill shut off valve to prevent overfilling of the tank by the
tanker truck.

A cryostat identical to Luke (known as “cousin Bo”) contains the small TPC
wire chamber. The chamber is a vertical cylinder about 22 inches high and
12 inches in diameter. Electrons drift upward thru the chamber. The TPC
has 150 wires total, which are contained in 3 planes. The wire spacing is 4.7
mm. The materials involved in the TPC construction are copper-clad G-10, G-
10, copper-beryllium wire, solder, HDPE pipe, and some stainless tube.
Figure 1.1.9 shows the size of the chamber relative to the cryostat. A photo
of the wire chamber being lowered into the cryostat is shown in Figure 1.1.10.

Purified argon reaches Bo using the same filling manifold and filters that are
used to charge Luke. Figure 1.1.11 shows the path of liquid argon takes to
reach Bo. In the future, it is likely a nitrogen powered condenser identical to
the one on Luke will be added to Bo.
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Figure 1.1.1: Drawing of the transfer line, filters, and material
test station cryostat (“Luke”).
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Figure 1.1.2: Photo of the transfer line, filters, and material test
station cryostat.
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Figure 1.1.3: Schematic of the air lock used for material testing.
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Figure 1.1.4: Photo of the air lock used for material testing.
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Figure 1.1.5: Schematic of the internal filter found in the material
test station cryostat (“Luke”).
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Figure 1.1.6: Drawing of the condenser.
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Figure 1.1.7: Photo of a purity monitor (that’s the big one).
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Figure 1.1.10: Insertion of the TPC into Bo.
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1.2 — Flow Schematic

Drawing number 3942.510-ME-435365 details the piping and instrumentation
associated with the material test station and the TPC cryostat.
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1.3 - Instrument and Valve Summary

Terry Tope - 7.14.08
1

[Type] Tag [ Tag | Loc [Service Range or Set point Model or Part # Signal Out Pressure |

Analyzing elements
AE | 311 | Ar | G2 |Oxygen Analyzer 0-100 ppm Delta F DF-150 0-10VDC 20 psig
AE | 52 | HAr | E7 |Filter regeneration moisture monitoring (close to exhaust) -80to+20 C Vaisala DMT242A 4-20 mA 290 psig
AE | 151 | HAr | D4 |Filter regeneration moisture monitoring (close to filter) -60 to + 60 C Vaisala DMT242B 4-20 mA 290 psig
AE | 321 | Ar *** | Oxygen Analyzer 0-20 ppm Delta F DF-560 4-20 mA 20 psig
AE | 322| Ar *** | Nitrogen Arc Cell 0-100 PPM FNAL e 0-10VvDC ~atm

Check valves
CV | 90 N F8 |LN2 dewar fill line check valve no spring Check-All Valve UN-3-150-SS e 3000 psig
CV | 150 | Ar F4 |LAr ventline 1 psid Circle Seal 249B-8PP 3000 psig
CV |100| N F6 |LN2 dewar liquid use line no spring Fermilab 1/2" cryogenic check valve >> 100 psig
CV | 257 | Ar | D2 |"Airlock" vent line backflow prevention 3 psid Nupro SS-4CA-VCR 3000 psig
CV | 266 | N2 | B5 |Insulating vacuum bleed up check valve 0.8 psid Circle Seal 2598-2PP 3000 psig
CV | 309 | HAr| D5 |02 filter ion check valve <1 psid Parker - Veriflo Division 36FW-442VMVM-V 3000 psig
CV | 415 | HAr | E7 |Regeneration gas ventline back flow prevention 1/3 psid Parker 4Z(A)-CAL 1/3-SS 6000 psig

Pump out ports
Cvl| 138| V B3 |Luke vacuum pumpout and relief ~ 1 atm (spring removed) CcVvI V-1046-31 e ~atm
Cvl| 187 | V Cc7 sieve pbar dewar i vacuum pumpout/relief ~20 psig CcVvI V-1046-31 ~atm
Cvl|207| V B8 |Liquid argon source manifold insulating vacuum pumpout and relief ~20 psig CcVvI V-1046-31 ~atm
Cvl|220| V C7 |Pbar molecular sieve dewar inner vessel pumpout/relief ~ 1 atm (spring removed) CcVvI V-1046-31 ~atm
CVl|259| V D1 |Luke LN2-LAr condenser vacuum pumpout/relief ~20 psig CcVvI V-1046-31 ~atm
Cvl|260| V D2 |LN2 transfer line vacuum pumpout/relief near Luke ~20 psig CcvI V-1046-31 ~atm
CVvl|285| V E6 |LN2 transfer line vacuum pumpout/relief dewar side ~20 psig CcVvI V-1046-31 ~atm
Cvl|286| V E6 |LN2 transfer line vacuum pumpout/PAB side ~20 psig CcVvI V-1046-31 ~atm
Cvl|289| V B4 | O2 filter pbar dewar insulating vacuum pumpout/relief ~20 psig CcVvI V-1046-31 ~atm
Cvl|382| V A6 |Bo vacuum pumpout and relief ~ 1 atm (spring removed) CcVvI V-1046-31 ~atm

Differential pressure transmitters

[ DPT] 67 | Ar | C3 |Luke Vapor Pump filter liquid level 0-5 psid Setra €239 [ 4-20 mA 75 psig

| DPT[ 100 | N | G7 |Liquid Nitrogen Dewar 0-80"wc Barton T3 | 4-20 mA 500 psig

Pneumatic valves
EP | 78 Ar | C2 |Luke vapor pump equalization valve Normally Closed - 100 psig actuation pressure Swagelok SS-6UW-V19-TF-6C e 2500 psig
EP | 165| V C5 | Oxygen filter vacuum isolation normally closed VAT F29615-17 ~atm
EP | 205| Ar | C1 |LukeArvent Normally Closed - 100 psig actuation pressure Swagelok S$S-6UW-V19-TF-6C 2500 psig
EP | 222| V C5 sieve insulating vacuum isolation normally closed MDC KAV-150-P ~atm
EP | 236| V A4 | Cryostat pump cart inter-stage isolation (turbo protection) normally closed Varian VPI251205060 ~atm
EP | 308 | Ar B2 | Luke vapor pump liquid inlet 10 psig to close, vacuum to fully open Fermilab H2 target cold valve - print # 2726.4-MB-58267 45 psig
EP | 347| V A3 | Seal monitor pump cart anti-suck back valve normally closed Norcal 3870-01455 ~atm
EP [ 362| V C5 |LAr transfer line insulating vacuum isolation normally closed Temascal 45130 ~atm
EP [ 383| V A5 | Bo vacuum pump cart turbo protection valve normally closed VAT 108-UE44-0006/0175 ~atm

Electric valves
EV | 79 | Air | C2 |EP-78-Ar actuation normally closed Asco 8320G132 (24 VDC) 24 VDC 200 psig
EV | 105| N2 | D2 |LN2 transfer line into Luke condenser normally closed Asco 8263G209LT (120 VAC) 120 VAC 100 psig
EV | 106 | N2 | E5 |LN2 transfer line vent normally closed Asco 8263G209LT (120 VAC) 120 VAC 100 psig
EV | 223 | Air | C5 |EP-222-V actuation normally closed Humphrey 31039 RC 120 VAC 125 psig
EV | 232| Air | C6 |EP-155-V actuation normally closed Huba ??? 120 VAC > 100 psig
EV | 233 | Air | C6 |EP-362-V actuation normally closed Humphrey T125 4E136 120 VAC 125 psig
EV | 2568 | Air | D2 |Material basket catch/release mechanism actuation normally closed Humphrey 062-4E1-36 120 VAC 125 psig
EV | 270 | N2 | D1 |EP-205-Ar actuation normally closed Asco 8320G132 (24 VDC) 24 VDC 200 psig
EV |287| V A4 |EP-236-V actuation normally open Peter Paul Electronics 51X00111CD 120 VAC ~atm
EV | 346 | AIR | A3 |Seal monitor pump cart anti-suck back valve actuation normally closed ARD Fluid Power A2155-120-A-G 120 VAC 100 psig
EV [384]| V B5 | EP-383-V actuation normally closed MAC N-7557-019 120 VAC 100 psig

Filters

[ F [395] Ar | F3 [Removal of 02, H20, and HCs from Luke contamination gas Airgas Y40-RES0010K 160 psig
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Flowmeters
FI | 278 Ar F2 |Luke vapor pump trapped volume relief (PSV-156-Ar) 0 - 50 sccm Dwyer RMA-151-SSV e 100 psig
FI | 279| Ar F2 |Luke vapor pump electronic purge 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 280| Ar F1 |Luke ASME relief purge (PSV-210-Ar) 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 281| Ar F1 sieve trapped volume relief purge (PSV-219-Ar) 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 282| Ar F1 | O2 filter inlet side trapped volume relief (PSV-249-Ar) 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 283| Ar F1 | O2 filter outlet side trapped volume relief (PSV-250-Ar) 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 284| Ar F1 |Material lock release mechanism argon purge 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 305| Ar Material lock relief valve purge 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 306| Ar Material lock window o-ring purge 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 312| Ar | G2 |Oxygen monitor inlet flowrate 0 -5 SCFH SP is 2 SCFH N2 equiv Dwyer VFA-3 150 psig
FI | 315 Ar F1 | Air lock argon purge 0-10 SCFH Dwyer RMB-50-SSV 100 psig
FI | 390| Ar E2 |Bo ASME relief purge (PSV-378-Ar) 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 391] Ar E2 |Notin use 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 392| Ar E2 |Notin use 0 - 50 sccm Dwyer RMA-151-SSV 100 psig
FI | 406 | HAr | D6 |Oxygen filter ion gas flow rate (metering valve limits to 5 SCFH) 0-50 SCFH Dwyer RMB-52-SSV 100 psig
Flow restricting orifices
[ [FO [ 212] Ar | C7 |Liquid argon source manifold argon flow restriction 0.122" dia. Fermilab f— f— f— |
Heating elements
HTR| 8 | HAr| B4 |Oxygen filter ion heater 1000W / 240 VAC Omega heating tape compressed by a clamshell e e
HTR| 21 Ar B1 | Luke vapor pressure building heater 250 W /120 VAC Watlow Firerod
HTR| 22 Ar | A6 |Bo vapor pressure building heater 250 W /120 VAC Watlow Firerod
HTR| 55 | HAr | B4 |Oxygen filter gas pre-heater 150 W/ 120 VAC Watlow Firerod
HTR| 72 | HAr| C1 |Luke vapor pump filter regeneration heater 1500 W /120 VAC Watlow Firerod
HTR| 75 Ar | C1 |Luke vapor pump cup heater 250 W /120 VAC Watlow Firerod
HTR| 215| Ar | C7 sieve regeneration heater 1000W / 240 VAC Omega heating tape compressed by a clamshell e e
Output to DAQ
[INTL[ 325 Ar | _* [24 VDC output to purity monitor for liquid level interlock f— f— f— f— f— |
[INTL] 307 | Ar [ * [inputto PLC that indicates when purity monitor is taking data f— f— f— f— f— |
Liquid level transmitters
LT | 10 | N2 | D1 |Luke condenser LN2 level 0-20.5 inches American Magnetics Model 286 Controller 4-20 mA > 35 psig
LT | 13 Ar | C3 |Luke cryostat LAr level 0-39.62 inches American Magnetics Model 286 Controller 4-20 mA > 35 psig
LT | 372 Ar B7 |Bo cryostat LAr level 0-39.62 inches American Magnetics Model 286 Controller 4-20 mA > 35 psig
Manual valves
MV | 80 N G6 |LN2 dewar pressure gauge isolation e Swagelok S$S-4BK-VCO e 1000 psig
MV | 85 N F6 |LN2 dewar vapor line pressure sensing isolation Anderson Greenwood MM1VS 2-8174-3 6000 psig
MV | 86 N F7 |LN2 dewar level gauge ization Anderson Greenwood MM1VS 2-8174-3 6000 psig
MV | 87 N F7 |LN2 dewar liquid line pressure sensing isolation Anderson Greenwood MM1VS 2-8174-3 6000 psig
MV | 88 N G6 |LN2 dewar pressure building regulator isolation Nibco 7? 600 psig
MV | 89 N H6 |LN2 dewar pressure building loop isolation Nibco 7? 600 psig
MV | 90 \ F8 |LN2 dewar vacuum pump out Vacoa FO-100 ~atm
MV | 90 N H7 |LN2 dewar pressure relieving regulator isolation Nibco 7? 600 psig
MV | 91 \ F7 |LN2 dewar vacuum readout isolation Nupro S§S-4BK-VCO 1000 psig
MV | 91 N E7 |LN2 dewar fill line drain valve Worcester 1/2 C4416P 870 psig
MV | 92 N F7 |LN2 dewar fill line isolation Worcester 1.1/2 C4416P 870 psig
MV | 93 N H7 |LN2 dewar vapor vent Nibco 7? 600 psig
MV | 94 N G8 |LN2 dewar full trycock Nibco 7? 600 psig
MV | 95 N F6 |LN2 dewar pressure building loop bypass Nibco 7? 600 psig
MV | 96 N F6 |LN2 dewar pressure building regulator isolation Nibco 7? 600 psig
MV | 97 N F6 |LN2 dewar liquid withdrawal Cryolab ES7-86-2TPC2 7?
MV | 98 N H7 |LN2 dewar relief valve selector Anderson Greenwood SVS-0600T-BSTC 1200 psig
MV | 99 N H7 |LN2 dewar vapor vent valve Anderson Greenwood H5VB 22 > 75 psig
MV | 100| N F6 |LN2 dewar liquid into PAB isolation Cryolab CV8-086-5WPY?2-ED 150 psig
MV | 101 N H7 |LN2 dewar vapor vent valve Anderson Greenwood H5VB 22 > 75 psig
MV | 107| N F6 |LN2 dewar isolation for future gas use Nibco 7? 600 psig
MV | 119 N F6 |LN2 liquid transfer line branch isolation Cryolab CV8-084-SWTG2 100 psig
MV | 120| N E6 |LN2 liquid transfer line Luke/Bo branch isolation Cryolab CV8-086-SWPG2 150 psig
MV | 124 | Ar E3 |Ar with O2 contamination source bottle regulator outlet isolation Scientific Gas Products 5939 3000 psig
MV | 127 | Ar E3 | Ar with O2 contamination source line regulator outlet isolation Nupro B-4HK2 1000 psig
MV | 128 | Ar E3 | Gas contamination introduction isolation Swagelok SS-4BK-TW 1000 psig
MV | 131 N2 F3 |N2 contamination source regulator outlet isolation Swagelok SS-4BK-TW 1000 psig
MV | 132| N2 | G3 |Contamination manifold vacuum isolation Swagelok S§S-4BK-VCO 1000 psig
MV | 202 | Ar | C4 |Filter assembly inlet isolation Swagelok SS-4BG-V51 1000 psig
MV | 204 | Ar B8 |Liquid argon source manifold argon line isolation/pumpout Swagelok SS-8BG-V47 1000 psig
MV | 208 | Ar | C4 |Filter assembly outlet isolation Swagelok SS-4BG-V51 1000 psig
MV | 213| Ar | C7 |Liquid argon source manifold isolation Swagelok SS-8BG-V47 1000 psig
MV | 217| Ar | C7 sieve isolation Swagelok SS-8BG-V47 1000 psig
MV | 218 Ar | C7 sieve isolatior it e Swagelok SS-8BG-V47 e 1000 psig
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MV | 224 V A5 | Transfer line insulating vacuum pump cart roughing pump port isolation e Leybold 281 53B1 e ~atm
MV | 227 V A5 | Insulating vacuum pump cart port isolation MKS 22406 ~atm
MV | 228| V A5 | Insulating vacuum pump cart port isolation Leybold 281 53B1 ~atm
MV | 229| V A4 | Cryostat pump cart port isolation Unknown model Unknown brand ~atm
MV | 237| V A3 | Seal monitor pump cart isolation Norcal 3879-01455 ~atm
MV | 239| Ar B6 |Liquid argon bypass for both Luke and Bo Swagelok SS-8BG-V47 1000 psig
MV | 241| Ar | C3 |Gas contamination introduction isolation Parker/Veriflo 930 series 250 psig
MV | 242 | Ar | C3 |Gas contamination introduction isolation Swagelok 6LV-DLBW4 3500 psig
MV | 244 | Ar | C3 |Luke cryo isolation valve Swagelok SS-8BG-V47 1000 psig
MV | 246 | Ar | D3 |Gas contamination introduction isolation Swagelok 6LV-DLBW4 3500 psig
MV | 247 | Ar | C3 |Luke vapor pump filter regeneration gas outlet isolation Swagelok S$S-8BG-V47 1000 psig
MV | 248 | Ar | C2 |Luke vapor pump filter regeneration gas inlet isolation Swagelok SS-8BG-V47 1000 psig
MV | 251] V C2 | "Air lock" vacuum isolation MDC AV-150 ~atm
MV | 2562 | Ar | C2 |"Air lock" argon bottle purge isolation Swagelok SS-4BG-V51 1000 psig
MV | 2563 | Ar | C2 |"Air lock" cryostat vapor purge isolation Swagelok SS-4BG-V51 1000 psig
MV | 254| V C2 |Luke materials test station air lock pass thru Norcal GVM-6002-CF > 35 psig
MV | 2565| Ar | C1 |Luke manual vapor vent Swagelok S$S-8BG-V47 1000 psig
MV | 2566 | Ar | C2 |"Air lock" purge vent isolation Swagelok SS-4BG-V51 1000 psig
MV | 261 \ B1 |Luke vacuum isolation/pumpout Swagelok SS-4BG-V51 1000 psig
MV | 265| N2 | B5 |Bleed up cylinder regulator outlet isolation Parker 7? ~ 1000 psig
MV | 267| V C5 | Transfer line insulating vacuum nitrogen bleed up isolation Swagelok S$S-4BK-VCO 1000 psig
MV | 268 | Air | E1 |Shop air isolation Worcester 1/2" 416N SE 250 psig
MV | 277 | Ar F2 | Argon purge regulator outlet isolation Legris Appears to be a 4812 10 17 2030 psig
MV | 290 | Ar | C2 |Airlock purge inlet isolation Swagelok SS-4BG-V51 1000 psig
MV | 291 | Ar | D2 |Airlock purge oxygen monitor isolation Swagelok SS-4BG-V51 1000 psig
MV | 294 | Ar | G1 |Oxygen monitor manifold inlet isolation Swagelok SS-4BG-V51 1000 psig
MV | 295| V G1 | Oxygen monitor vacuum pump isolation Swagelok SS-4BG-V51 1000 psig
MV | 296 | Ar F1 | Oxygen monitor open port isolation Swagelok SS-4BG-V51 1000 psig
MV | 300 | Ar | G2 |Oxygen monitor metering valve Swagelok SS-4MG-XX 700 psig
MV | 304 | N2 LN2 condenser back pressure regulator bypass Swagelok SS-8BG-V47 1000 psig
MV | 310 | Ar | G2 |Oxygen monitor inlet isolation Nupro SS-DLXX 3500 psig
MV | 316 | Ar F2 | Argon purge flowmeter manifold inlet isolation Unknown Brand Unknown Model ~ 1000 psig
MV | 327 | Ar | D1 |Luke condenser argon space vent Swagelok SS-4BG-V51 1000 psig
MV | 328 | Ar | C2 |Luke vapor pump equalization isolation Swagelok S$S-8BG-TW 1000 psig
MV | 329 | Ar | C2 |Luke vapor pump vent isolation Swagelok SS-8BG-TW 1000 psig
MV | 333 | CO2| D3 |Vapor pump transport CO2 bottle regulator outlet isolation Parker 4PM-PR4-VT-B 3000 psig
MV |336| V C3 | Vapor pump cold valve vacuum isolation Swagelok SS-4BK-TW 1000 psig
MV | 337 | He | C3 |Vapor pump cold valve isolation at vapor pump top flange Nupro S$S-4P4T4 3000 psig
MV | 338 | He | C3 |Vapor pump cold valve He supply isolation Nupro S$S-4BK-VCO 1000 psig
MV | 342 | He | D4 |He bottle regulator outlet isolation Unknown Brand Unknown Model ~ 3000 psig
MV | 354 | Ar | C3 |Luke liquid space tap isolation Swagelok SS-4BG-V51 1000 psig
MV | 360 V B3 |Luke vacuum pumpout isolation valve MDC AV-250 ~atm
MV | 365| V C5 | 02 filter vacuum isolation (downstream tap) Swagelok S$S-8BG-V47 1000 psig
MV | 366| V C5 | 02 filter vacuum isolation (upstream tap) Swagelok SS-8BG-V47 1000 psig
MV | 368| V A7 |Bo vacuum isolation Swagelok SS-4BG-V51 1000 psig
MV |369| V A7 |Bo vacuum isolation/pumpout Balzers EVA016H ~atm
MV | 370 | Ar | C3 |Luke drain valve Swagelok SS-8BG-V47 1000 psig
MV | 375| N2 | D5 |PT-27-N2 isolation Parker 4F-PR4-VT-B 3000 psig
MV | 379| Ar B6 |Bo LAr fill isolation valve Swagelok SS-8BG-V47 1000 psig
MV | 380 | Ar B6 |Bo venting isolation Swagelok SS-8BG-V47 1000 psig
MV | 381 \ B6 |Bo inner vessel vacuum pumpout MDC AV250 ~ atm
MV | 386 V A5 | Bo vacuum pump cart rough pump isolation Leybold 2870282 ~atm
MV | 387 V B5 | Bo vacuum pump cart bleed up valve Rial Unknown Model ~atm
MV | 393 | Ar F2 | Luke contamination gas filter isolation Carten MD250-05-LV 375 psig
MV | 394 | Ar F3 | Luke contamination gas filter isolation Carten MD250-05-LV 375 psig
MV | 401 | HAr | E8 |5% H295% Ar O2 filter ion gas metering valve Swagelok S$S-S84-VH 2000 psig
MV | 418 | HAr | E7 |Regeneration vacuum pump isolation Whitey B-4284 2500 psig
MV | 419 | HAr | E7 |Regeneration vacuum pump isolation Whitey B-4284 2500 psig
MV | 420 | HAr | E7 |Regeneration vacuum pump bleed up Nupro B-4JN 600 psig
MV | 461 | HAr | C4 |One pass fill filter regeneration isolation Swagelok S$S-8BG-V47 1000 psig
MV | 480 | HAr | C5 |One pass fill filter regeneration isolation Swagelok SS-8BG-V47 1000 psig
MV | V2 | Air | D8 |Regulator isolation Swagelok S$S-4P4T4 3000 psig
MV | V4 | Air | D8 |Regulator isolation Swagelok S$S-4P4T4 3000 psig
MV | V7 | Ar | D7 |Line pressure regulator outlet isolation Concoa Unknown Model ~ 1000 psig
MV | V8 | HAr | E7 |Regeneration vacuum pump isolation Swagelock B-4HK 1000 psig
MV | V9 | HAr| D6 |Bench top oxygen filter regeneration isolation Swagelok S$S-4P4T4 3000 psig
MV | V10| HAr | D7 |Regeneraton gas isolation Swagelok S$S-4P4T4 3000 psig
MV | V12| HAr | D7 |Regeneraton gas isolation Swagelok S$S-4P4T4 3000 psig
MV | V14| HAr | E8 |5% H295% Ar O2 filter ion gas bottle regulator outlet isolation Matheson LMF4373 3500 psig
MV | V17| HAr | E7 |Regeneraton gas isolation Swagelok S$S-4P4T4 3000 psig
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Pressure regulators and pressure control valves
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PCV| 70 N F8 |Fill shut off valve (Sensitive to vibration) 75 psig (MAWP) Messer / Chart MG-97 P e 600 psig
PCV| 121| Ar E3 | Ar with O2 contamination source bottle regulator 30 psig Scientific Gas Products R35D 350 3000 psig
PCV| 125| Ar E3 |Ar with O2 contamination source line regulator 10 psig (25 psig max outlet) Air Products E11-B-N141A 400 psig
PCV| 129 | N2 F3 |Nitrogen contamination source bottle regulator 30 psig Parker / Veriflo 735 series 3500 psig
PCV| 262 | N2 | B5 |LAr transfer line insulating vacuum bleed up regulator 10 psig Victor VTS 4508 3000 psig
PCV| 269 | Air | E1 |Shop air point of use regulator 100 psig (0-125 psig range) Norgren B12-496-M3LA 250 psig
PCV| 273 | Ar F2 | Argon purge bottle regulator 15 psig Victor VTS 4508 3000 psig
PCV| 292 | Air | D2 |Materials basket catch/release mechanism line pressure regulation 40 psig Humphrey 062-4E1-36 125 psig
PCV| 297 | Ar | G1 |Oxygen monitor inlet pressure regulation 5 psig Matheson 9463-4-V4AFM 3000 psig
PCV| 330 | CO2| D3 |Vapor pump transport CO2 bottle regulator 30 psig IMI Cornelius Inc 857-A Style PL-160 2400 psig
PCV| 339 | He | D4 |Vapor pump cold valve He supply bottle regulator 30 psig Victor VTS 4508 3000 psig
PCV| 388 | N2 | E2 |Luke condenser back pressure regulator 30 psig Cash Acme 123-51in.x 1in. 100 psig
PCV| 396 | HAr | E8 |O2 filter ion gas bottle regulator (located outside PAB) 20 psig Airco 400 Series 4000 psig
PCV| 402 | Ar | D7 |Line pressure regulation Not in use Concoa 400 Series 4000 psig
Vacuum pressure elements
PE | 91 | V | F7 |LN2dewar insulating vacuum 10*- 1000 Torr Hastings gauge tube ~atm
PE | 225| V | B8 |Liquid argon source manifold insulating vacuum 10*- 1000 Torr Granville-Phillips 275 series gauge tube ~atm
PE | 226| V | A5 |Insulating vacuum pump cart inter stage pressure 10*- 1000 Torr Granville-Phillips 275series gaugetube | = - ~atm
PE | 230| V | A5 |Insulating vacuum pump cart pressure 10*- 1000 Torr Granville-Phillips 275series gaugetube | = - ~atm
PE | 231| V | A5 |Insulating vacuum pump cart pressure 10*- 1000 Torr Granville-Phillips 275 series gauge tube ~atm
PE | 234| V | C5 |Transfer line insulating vacuum pressure 10*- 1000 Torr Granville-Phillips 275 series gauge tube ~atm
PE | 235| V | c4 |Oxygen fiter insulating vacuum 10%- 1000 Torr Granville-Phillips 275 series gaugetube | e ~atm
PE | 239| V | A2 |Seal monitor pump cart pressure 10°- 1000 Torr Granville-Phillips 275series gaugetube | ~atm
PE | 288| V | A4 |Cryostat pump cart vacuum pressure 10*- 1000 Torr Hastings gauge tube ~atm
PE | 312| V | G1 |Oxygen monitor manifold vacuum pump inlet pressure 10*- 1000 Torr Granville-Phillips 275 series gauge tube ~atm
PE | 348| V | D2 |LN2 transfer insulating vacuum near Luke 10*- 1000 Torr Hastings gauge tube ~atm
PE | 371| V | A7 |Bo insulating vacuum gauge tube 10°- 1000 Torr Granville-Phillips 275series gaugetube | ~atm
PE | 408| V | E6 |LN2 transfer insulating vacuum dewar side 10*- 1000 Torr Hastings gaugetwe /0 ~atm
PE | 409 | V | E6 |LN2 transfer insulating vacuum highbay side 10*- 1000 Torr Hastings gauge tube ~atm
PE | 416 | HAr | E7 |Regeneration gas vent line pressure 10*- 1000 Torr Granville-Phillips 275 series gauge tube ~atm
PE | 417 | HAr | E7 |Regeneration gas vacuum pump inlet pressure 10*- 1000 Torr Granville-Phillips 275series gaugetube | = - ~atm
Pressure indicating gauges
PI 12 Ar | C1 |Luke cryostat Ar pressure 30-0-60 psig AMETEK 1535-V-0-60-PSI/KPA-CBM-FVCR-FR 60 psig
Pl | 44 | N2 | D5 |LN2 transfer line pressure 0 - 150 psig US Gauge Unknown model 150 psig
Pl | 100 N G6 |LN2 dewar pressure 0 - 100 psig US Gauge 150025X 100 psig
Pl | 122| Ar F3 | Ar with O2 contamination source bottle pressure 0 - 3000 psig Scientific Gas Products Unknown model 3000 psig
Pl | 123| Ar F3 | Ar with O2 contamination source regulated bottle pressure 30 - 0 - 30 psig US Gauge Unknown model 30 psig
Pl | 126 | Ar F3 | Ar with O2 contamination source regulated line pressure 30 - 0 - 30 psig Unknown brand Unknown model 30 psig
Pl | 130| N2 | G3 |N2 contamination source bottle pressure 0 - 3000 psig Wika Unknown model 3000 psig
Pl | 133| N2 | D1 |LN2 vent back pressure 30 - 0 - 150 psig US gauge Unknown model 30 psig
Pl | 134 | N2 | G3 |N2 contamination regulated pressure 0 - 60 psig Wika Unknown model 60 psig
Pl | 243| Ar | C3 |Gas contamination sample bottle isolation 30-0-150 psig AMETEK 160552 150 psig
Pl | 263 | N2 | B5 |Bleed up cylinder bottle pressure 0 - 4000 psig US Gauge BU-2581-AQ 4000 psig
Pl | 264 | N2 | B5 |Bleed up cylinder regulated pressure 0 - 60 psig US Gauge CU-2581-HY 60 psig
Pl | 272 | Air | E1 |Shop air regulated pressure 0 - 160 psig Unknown brand Unknown model 160 psig
Pl | 274| Ar F2 | Argon purge cylinder pressure 0 - 4000 psig US Gauge BU-2581-AQ 4000 psig
Pl | 275| Ar F2 | Argon purge cylinder regulated pressure 0 - 60 psig US Gauge CU-2581-HY 60 psig
Pl | 293 | Air | D2 |Materials basket catch/release mechanism line pressure regulator outlet 0 - 200 psig 7? 7? 200 psig
Pl | 298| Ar | G1 |Oxygen monitor line pressure regulator inlet pressure 0 - 3000 psig Matheson 63 - 2233V 3000 psig
Pl | 299 | Ar | G1 |Oxygen monitor line pressure regulator outlet pressure 30 - 0 - 60 psig Matheson 63 - 2206V 60 psig
Pl | 326 | Ar | C1 |Material lock pressure 30 - 0 - 60 psig US Gauge Unknown model 60 psig
Pl | 331 | CO2| D3 |Vapor pump transport CO2 bottle regulator inlet pressure 0 - 2000 psig Unknown brand Unknown model 2000 psig
Pl | 332 | CO2| D3 |Vapor pump transport CO2 bottle regulator outlet pressure 0 - 200 psig US Gauge Unknown model 200 psig
Pl | 334 | CO2| D3 |Vapor pump cold valve pressure 30 - 0 - 30 psig US Gauge Unknown model 30 psig
Pl | 340 | He | D4 |He bottle regulator inlet 0 - 4000 psig US Gauge Unknown model 4000 psig
Pl | 341 | He | D4 |He bottle regulator outlet 0 - 60 psig US Gauge Unknown model 60 psig
Pl | 345| Ar B7 |LAr supply manifold line pressure 30 - 0 - 400 psig Ashcroft 25-1009SWXVKLL 400 psig
Pl | 363| Ar B7 |Bo cryostat Ar pressure 30-0-60 psig Ashcroft 25-1009SWXVKLL 60 psig
Pl | 397 | HAr | E8 |5% H2 95% Ar O2 filter ion gas bottle regulator inlet pressure 0 - 3000 psig Marsh Unknown model 3000 psig
Pl | 398 | HAr | E8 |5% H2 95% Ar O2 filter ion gas bottle regulator outlet pressure 0 - 30 psig Marsh Unknown model 30 psig
Pl | 403| Ar | D7 |Line pressure 0 - 2000 psig Wika Unknown model 2000 psig
Pl | 404 | Ar | D7 |Line pressure regulator inlet pressure 0 - 4000 psig Concoa 0550-0208 4000 psig
Pl | 405| Ar | D7 |Line pressure regulator outlet pressure 30 -0 - 100 psig Concoa 0550-0202 100 psig
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PSV| 101 | N2 | D5 |LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2mvP e 2400 psig
PSV| 117 | N2 F6 |LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 118 | N2 | E6 |LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 136 | Ar F3 |Contamination gas supply line relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 137 | N2 | B5 |Bleed up gas supply line relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 156 | Ar | C2 |Luke vapor pump trapped volume relief 45 psig Circle Seal 5100-4MP 2400 psig
PSV| 203 | Ar | G8 |Liquid argon source manifold trapped volume relief 400 Circle Seal 5100-4MP 2400 psig
PSV| 210| Ar | C1 |Luke LAr volume pressure relief (ASME coded) 35 psig Anderson Greenwood 83SF1216F 2000 psig
PSV| 211 | Ar | C7 |Pbar molecular sieve filter dewar inner vessel relief 35 psig Circle Seal 5100-8MP 2400 psig
PSV| 219| Ar | C7 sieve trapped volume relief 400 Circle Seal 5100-2MP 2400 psig
PSV| 249 | Ar | C4 |LArtransfer line trapped volume relief 400 psig Circle Seal 5100-2MP 2400 psig
PSV| 250 | Ar | C4 |LArtransfer line trapped volume relief 400 psig Circle Seal 5100-2MP 2400 psig
PSV| 276 | Ar F2 | Argon purge pressure relief 30 psig Circle Seal 5200-2MP 2400 psig
PSV| 313 | Ar | C2 |Materials lock pressure relief for bellows protection ~10 psig Circle Seal 500-8MP 2400 psig
PSV| 335 | CO2| D3 |Vapor pump transport CO2 supply relief (also relieves He when in Luke) 30 psig Circle Seal 500-2MP 200 psig
PSV| 343 | He | D4 |He bottle supply relief valve 42 psig Circle Seal 5120B-2MP 2400 psig
PSV|344| V D4 |LAr transfer line vacuum relief ~3 psig Fermilab 4 inch parallel plate relief ~ atm
PSV| 377 | Ar B6 |Bo LAr volume pressure relief (ASME coded) 35 psig Anderson Greenwood 83SF1216F 2000 psig
PSV| 378 | Ar B6 |Bo LAr volume operational relief 10 psig Circle Seal 5200-10MP 2400 psig
PSV| 389 | N2 | E2 |Luke condenser trapped volume relief 61 psig Circle Seal 5120T-2MP 2400 psig
PSV]| 399 | HAr | E8 |5% H2 95% Ar O2 filter ion gas supply relief 350 psig Nupro B-4CP2 3000 psig
PSV] 400 | HAr | E8 |5% H2 95% Ar O2 filter ion gas supply relief 27 psig Circle Seal 5159B-4MP 2400 psig
PSV| 407 | Ar | D7 |Gas supply relief valve 1500 psig Anderson Greenwood 83MC68-4 2000 psig
Pressure transmitters
PT 1 N2 | D1 |Luke condenser LN2 back pressure 0-50 psig Setra C206 4-20 mA 150 psig
PT| 11 Ar | C1 |Luke Ar vapor pressure 0-50 psia Setra GCT-225 (2251-050P-A-D4-11-B1) 4-20 mA 75 psig
PT | 15| V | C5 |LArtransfer line insulating vacuum 10- 1Torr linear & 10*- 1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 17 | v | A7 |Bo cryostat insulating vacuum 10*-1Torr linear & 10*-1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT| 19 | Vv | c1 [Luke Argon volume rough vacuum 10°-760 Torr Varian (Controller Part# L8350301) ConvecTorr gauge board (Part# L9887301) 0-7VDC, 1V per decade log-linear ~ atm
PT | 27 | N2 | D5 |Nitrogen transfer line pressure 0-100 psig Setra 205-2 0-5DC 100 psig
PT| 33| Vv | c1 |LukeArgon volume high vacuum 10" Torr to 10° Torr Varian (Controller Part# L8350301) UHV Bayard-Alpert gauge board (Part# L8321301) 0-10 VDC, 1V per decade log-linear ~atm
PT | 51 N G5 |LN2 dewar pressure transmitter 0-100 psig Setra 205-2 0-5DC ~atm
PT| 68 | V | B1 |Luke dewar insulating vacuum 10°- 1Torr linear & 10~ 1000 Torr nondlinear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 69 | V | A3 |Luke seal monitoring at vacuum pump 10*- 1Torr linear & 10*- 1000 Torr non-linear Granville-Phillips 275857-EU 0-10VDC ~atm
PT | 180| V | C7 |P-bar mole sieve filter dewar - filter insulating vacuum 10*-1Torr linear & 10-1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 181| V | C7 |P-bar mole sieve filter dewar - dewar insulating vacuum 10*-1Torr linear & 10-1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 185| V | C2 |Materials lock rough vacuum 10°-760 Torr Varian (Controller Part# L8350301) ConvecTorr gauge board (Part# L9887301) 0-7VDC, 1V per decade log-linear ~ atm
PT | 186| V | C2 |Materials lock high vacuum 10" Torr to 10° Torr Varian (Controller Part# L8350301) UHV Bayard-Alpert gauge board (Part# L8321301) 0-10 VDC, 1V per decade log-linear ~atm
PT | 154 | V | B4 |Pbar oxygen filtering dewar filter insulating vacuum 10*-1Torr linear & 10-1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 303 | Ar Material lock vapor pressure 0-50 psia Setra GCT-225 (2251-050P-A-D4-11-B1) 4-20 mA 75 psig
PT | 320 | Air | D1 |Shop Air Pressure T 0-500 psig Setra C206 4-20 mA 500 psig
PT | 323| Ar F2 | Argon purge pressure transmitter 0-50 psig Setra C206 4-20 mA 100 psig
PT | 373| Ar B7 |Bo Ar vapor pressure 0-50 psia Setra GCT-225 (2251-050P-A-D4-11-B1) 4-20 mA 75 psig
PT | 374| v | B7 |BoArgon volume rough vacuum 10°-760 Torr Varian (Controller Part# L8350301) ConvecTorr gauge board (Part# L9887301) 0-7VDC, 1V per decade log-linear ~ atm
PT | 382| V | B5 |Bovacuum pump cart inlet full range pressure transmitter 5x 10" to 1000 mbar Leybold ITR-90 0-10VDC ~atm
PT | 385| V | A5 |Bovacuum pump cart rough pump inlet pressure transmitter 5 x 10 to 1000 mbar Leybold TTR-918 2-10VDC ~atm
Rupture disks
RD | 99 N H6 |LN2 dewar rupture disk 105 psig Fike cepuBT L e > 105 psig
RD | 100| N H7 |LN2 dewar rupture disk 105 psig Fike cepuBT L e > 105 psig
RD | 209 | Ar | C7 |Pbar molecular sieve filter dewar inner vessel relief 40 psig Fike CPVBT(linch) | e 275 psig
RD | 301 \Y B4 | Pbar oxygen filtering dewar filter insulating volume pressure relief 40 psig Fike CPVBT(linch) | e 275 psig
RD | 302 | Ar B1 |Luke cryostat LAr volume pressure relief 55 psig BS&B JRS e > 55 psig
RD | 376 | Ar B6 |Luke cryostat LAr volume pressure relief 55 psig BS&B JRS e > 55 psig
Pressure regulators
‘ RV ‘ 36 ‘ N ‘ G6 ‘LNZ dewar pressure building regulator 30 psig Cash Acme B ‘ 400 psig ‘
‘ RV ‘ 90 ‘ N ‘ H6 ‘LNZ dewar pressure relieving regulator 35 psig Cash Acme FR ‘ 400 psig ‘
Strainers
[ s [ ot [ N | €7 [LN2 dewar il ne strainer Mueller 1715Class300 | e | 500psig @ 150°F |
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SV | 90 N F7 |LN2 dewar fill line trapped volume relief 200 psig Circle Seal 5120B-4MP-200 | e 2400 psig
SV | 90 \Y G8 |LN2 dewar vacuum jacket relief ~ 0 psig, no spring Circle Seal Parallel Plate - 3.5" ~atm
SV | 96 N F6 |LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 | e 2400 psig
SV | 97 N G6 |LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 | e 2400 psig
SV | 98 N G6 |LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 | e 2400 psig
SV | 99 N H6 |LN2 dewar relief valve 75 psig Anderson Greenwood 81s121966 | e > 75 psig
SV |100| N H7 |LN2 dewar relief valve 75 psig Anderson Greenwood 81s121966 | e > 75 psig
Temperature elements
TE | 6 | N2 | E5 |LN2 transfer line cool down temperature (control) 70-400K Omega Platinum RTD (PR-19-2-100-1/86-E) | - ~ atm®
TE| 7 Ar | B4 |02 filter internal temperature (hard wired interlock) -200 to 1300 C Omega Type K thermocouple | —— ~ atm®
TE | 23 Ar B1 |HTR-21-Ar internal temperature (read out) -200 to 1300 C Watlow Type K thermocouple ~ atm®
TE | 24 Ar B1 |HTR-21-Ar internal temperature (hard wired interlock) -200 to 1300 C Watlow Type K thermocouple | e ~ atm®
TE | 25 Ar | A6 |HTR-22-Ar internal temperature (read out) -200 to 1300 C Watlow Type K thermocouple | e ~ atm®
TE | 26 Ar | A6 |HTR-22-Arinternal temperature (hard wired interlock) -200 to 1300 C Watlow Type K thermocouple | e ~ atm®
TE | 54 Ar B4 | O2 filter internal temperature (read out) 70-400K Minco 100 ohm platinum RTD (Part # S201PD) | == ~ atm®
TE | 56 Ar B4 | O2 filter regeneration gas pre-heater temperature (control) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 57 Ar B4 | O2 filter regeneration gas pre-heater temperature (hard wired interlock) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 73 | HAr | C1 |Luke Vapor pump filter regeneration heater (control) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 74 | HAr | C1 |Luke Vapor pump filter regeneration heater (hard wired interlock) -200 to 1300 C Omega Type K thermocouple ~ atm®
TE | 76 | Ar | C1 |Luke Vapor pump "cup" heater (control) -200 to 1300 C Omega Type K thermocouple | - ~ atm®
TE | 77 | Ar | C1 |Luke Vapor pump "cup" heater (hard wired interlock) -200 to 1300 C Omega Type K thermocouple | - ~ atm®
TE | 81 | HAr| B3 |Luke Vapor pump filter bed (ID) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 82 | HAr| B3 |Luke Vapor pump filter bed (OD) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 83 | HAr| B2 |Luke Vapor pump filter bed (middle) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 214 | Ar | C7 |Molecular sieve regeneration temperature (hard wired interlock) -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 216| Ar | C7 |Molecular sieve regeneration temperature (controls) -200 to 1300 C Omega Type Kthermocouple | - ~ atm®
TE | 324 | Ar B1 |Material lock elavator temperature probe 70-400K Minco - cryogenic 100 ohm platinum RTD (Part # S270PD12(E)) | == 35 psid®
TE | 410 | Air | E1 |PAB high bay ambient air temperature 70-400K Minco 100 ohm platinum RTD (Part # S201PD) ~ atm®
TE | 411 | CS | C3 |Luke top flange temperature -200 to 1300 C Omega Type K thermocouple | e ~ atm®
TE | 412| CS *** | Luke top flange temperature -200 to 1300 C Omega Type K thermocouple | e ~ atm®

* Found on EE-435364
*** Currently not in use
(a) Temperature element is located in vent piping such that it cannot be significantly pressurized.
(b) Temperature element is located in a sealed stainless steel tube. The welded cap on the tube provides the pressure seal between the temperature element and the liquid argon.
(c) Temperature element is a "nude" platinum RTD mounted on the material elevator. The signal wires are soldered to a feed thru.
(d) Temperature element is mounted external to the cryogenic piping and measures the ambient room temperature.
(e) Temperature element is mounted external to the cryogenic piping and measures the temperature of Luke's top flange.
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1.4 - System Control Loops and Interlocks

The safety of the cryogenic system does NOT depend upon the proper execution
of any control loop or interlock. The system does include a Beckhoff
programmable logic controller (PLC) and an iFix computer terminal. The
controller has a loop that controls the flow of liquid nitrogen into Luke’s
condenser based upon the desired pressure in the cryostat. The PLC also
contains a control loop for each of the 6 heaters in the system including the vapor
pump. The relief valves are sized to handle the maximum output of each heater.
Each heater installation includes two temperature sensors. One sensor is read
out by the PLC and the other is hardwired to an interlock that drops the AC
power if the sensor temperature is too high. All heaters are contained within
stainless steel vessels making it extremely unlikely a malfunction can start a fire.

The only active element associated with Bo is the pressure building heater HTR-
22-Ar.

Drawing 3942.520-EE-435364 contains the control system electrical schematics.
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2.1a — Procedure for Filling “Luke”

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be performed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. Start the argon purges. MV-316-Ar, MV-277-Ar, and the argon bottle isolation valve
should be open. PCV-273-Ar outlet should be adjusted to 10 psig as indicated by PI-275-
Ar. FI-278-Ar, FI-279-Ar, FI-280-Ar, FI-281-Ar, FI-282-Ar, FI-283-Ar, FI-390-Ar, and FI-
284-Ar should be set to 20 sccm. FI-315-Ar should be closed unless the material lock is
being purged. All Flowmeters except for FI-315-Ar should flow continuously to prevent
oxygen from migrating into the bulk of the o-rings.

2. The cryostat must be evacuated. MV-345-Ar, MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-
247-Ar, MV-248-Ar, MV-253-Ar, MV-254-V, MV-255-Ar, MV-360-V, MV-329-Ar, MV-327-
Ar, and EP-205-Ar must all be closed. EP-78-Ar and EP-308-Ar should be open.

3. Although the cryostat is rated for 15 psi external pressure, the insulating vacuum
pressure should be checked on PT-68-V. The insulating vacuum should be less than 100
microns. If the insulating vacuum has spoiled, a vacuum pump should be connected to
MV-261-V or CVI-138-V and improved before pumping out the cryostat. CVI-138-V does
not have a spring, so it must be closed carefully when done pumping.

4. The rough pump on the cryostat pump cart should be started. A gauge read out should
be connected to PE-288-V. When the vacuum is less than 100 microns, MV-360-V can
be slowly opened to begin pumping out the cryostat. When PT-19-V indicates the
cryostat pressure is below 1 Torr, the turbo pump may be started. The cryostat should
be pumped on until the pressure reported by PT-33-V is less than 10” Torr. Typically the
cryostat reaches a pressure in the 5 x 10 Torr range after several days of vacuum
pumping prior to the fill.

5. The oxygen filter cryostat insulating vacuum should be checked on PT-154-V. If the
vacuum is worse than 100 microns, a vacuum pump should be connected to CVI-289-V
and the vacuum improved until it is less than 100 microns. The purpose of this is to
ensure the inner vessel is not evacuated with pressure in the insulating vacuum space.

6. The transfer line insulating vacuum should be checked on PT-15-V. Ifitis not less than
100 microns, then it should be pumped down. To do this, MV-224-V, MV-227-V, MV-
228-V, EP-222-V, EP-155-V, MV-267-V, and EP-362-V should all be closed. The rough
pump on the insulating vacuum pump cart should be started. When a readout connected
to gauge tube PE-226-V indicates a vacuum less than 100 microns, EP-362-V should be
opened. When the pressure reported by PE-226-V is less than 1 Torr, the turbo pump
should be started. When the pressure reported by PT-15-V (or PE-234-V) is less than 10
microns, EP-362-V may be closed and the turbo pump turned off.

7. The molecular sieve insulating vacuum should be checked on PT-181-V. If the vacuum
is worse than 100 microns, a vacuum pump should be connected to CVI-187-V and the
vacuum improved until its less than 100 microns. The purpose of this is to ensure the
inner vessel is not evacuated with pressure in the insulating vacuum space.

8. The inner vessel vacuum surrounding the molecular sieve should be checked on PT-180-
V. Ifitis not less than 100 microns, the space should be pumped out. To do this, MV-
224-V, MV-227-V, MV-228-V, EP-222-V, EP-362-V, and EP-155-V should all be closed.
The rough pump on the insulating vacuum pump cart should be started. When the
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pressure reported by PE-226-V is less than 100 microns, EP-222-V should be opened.
Once the pressure reported by PE-226-V is less than 1 Torr, the turbo pump should be
started. The inner vessel should be pumped on until PT-180-V reads 10 microns or less.
Then EP-222-V should be closed. The turbo pump should then be turned off and allowed
to spin down.

The piping between MV-213-Ar and MV-244-Ar must be pumped out before introducing
argon. MV-213-Ar, MV-218-Ar, EP-222-V, MV-228-V, MV-227-V, MV-224-V, EP-362-V,
MV-480-HAr, MV-461-HAr, MV-239-Ar, MV-244-Ar, MV-365-V, MV-267-V, MV-379-Ar,
and MV-366-V should all be closed. EP-155-V, MV-202-Ar (must be left open during
assembly), MV-208-Ar, and MV-217-Ar should be open.

The rough pump on the insulating vacuum pump cart should be started. When a gauge
readout connected to PE-226-V indicates a vacuum less than 100 microns, the LN2 cold
trap should be filled.

MV-365-V and MV-366-V should be slowly opened. When PE-226-V indicates a vacuum
of less than 1 Torr, the turbo pump should be turned on. The piping should be pumped
on for at least 4 hours.

Close MV-365-V and MV-366-V. Turn off the turbo pump. Allow rough pump to run until
LN2 trap is warm.

The argon filling manifold insulating vacuum should be checked using PE-225-V. If the
vacuum is not less than 100 microns, a vacuum pump should be connected to CVI-207-V
and the insulating space pumped until the vacuum is less than 100 microns. CVI-207-V
should then be closed and the vacuum pump disconnected.

Empty liquid dewars should be removed using 2.1h — Procedure for Removing
Stockroom Liquid Argon Dewars from the System.

MV-213-Ar and MV-204-Ar should be verified as closed. Follow procedure 2.1q -
Procedure for Connecting Stockroom Liquid Argon Dewars to the System to connect four
high pressure liquid argon dewars from the Fermilab stockroom to the manifold.

MV-360-V should be closed and the turbo pump on the cryostat pump cart turned off and
allowed to spin down.

MV-204-Ar, MV-218-Ar, MV-480-HAr, MV-461-HAr, MV-365-V, MV-366-V, MV-239-Ar,
MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-248-Ar, MV-254-V, MV-255-Ar, EP-205-Ar, MV-
253-Ar, MV-379-Ar, MV-380-Ar, MV-327-Ar, and MV-244-Ar should be verified as closed.

MV-213-Ar, MV-217-Ar, and MV-208-Ar should be open.

Slowly open the liquid withdrawal isolation valve on one of the stock room dewars and
charge the system with argon. Open the liquid withdrawal valve on the rest of the
connected dewars.

Slowly open MV-239-Ar to allow argon to flow out the vent and cool down the transfer
line. This should be done at least until TE-56-Ar reaches a stable minimum temperature
and it appears that liquid is flowing out the vent piping.

Close MV-239-Ar.

Very slowly open MV-244-Ar and bring the cryostat to positive pressure as indicated by
Pl-12-Ar.
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23. Once the cyrostat is at positive pressure and the pressure is slowly rising, fully open MV-
255-Ar. EP-205-Ar may also be opened to increase vent flow.

24. Adjust MV-244-Ar to balance the flow such that the cryostat remains below 20 psig during
the fill.

25. Liquid level will be indicated by LT-13-Ar. Fill the cryostat to the desired level, but not
beyond 32 inches. About 12 inches of liquid depth is required to submerge the purity
monitor.

26. Close MV-244-Ar.

27. Turn on automatic pressure control at computer. Close MV-255-Ar. Computer will use
HTR-21-Ar to build pressure, the LN2 condenser to reduce pressure, and if needed EP-
205-Ar to vent excess pressure. If there is a problem with the computer terminal or PLC,
leave MV-255-Ar open. The boil off vapor will vent thru the vaporizer and the liquid purity
will be maintained.

28. The high pressure stockroom dewars may remain open and connected to the system for
future charging if desired.

2.1b — Procedure for Emptying “Luke”

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. MV-360-V, MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-248-Ar, MV-254-V, MV-
255-Ar, MV-253-Ar, and EP-205-Ar should be closed. EP-308-Ar and EP-78-Ar should be
open.

2. Turn off the nitrogen control loop at the computer. Leave the pressure venting control
loop on. Open MV-370-Ar. Cryostat vapor pressure will push the liquid out of the
cryostat.

3. Last bit of liquid at cryostat bottom will slowly evaporate. EP-205-Ar will automatically
vent remaining liquid as vapor.

2.1c — Procedure for Operating “Air Lock” during Material Insertion

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. Cryostat should be in a stable operating condition with the appropriate liquid argon level
for the material test. The nitrogen pressure control loop set point should be 5 psig. MV-
360-V, MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-248-Ar, MV-253-Ar, MV-254-
V, MV-345-Ar, MV-329-Ar, MV-327-Ar, and MV-255-Ar should all be closed under normal
operating conditions. Automatic vent control of EP-205-Ar should be enabled at a set
point of 10 psig or greater.
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2. The surface area of the material test sample must be measured. The surface area must
be less than 162.5 square inches. Two people must measure the surface area
independently. Their calculations and signatures must be entered into the material lock
log book. Their signature indicates that they understand how to measure surface area
and that they are responsible for the safety of the system during the insertion of the test
sample. The sample also must not be in a shape that will retain liquid argon when
the sample is withdrawn from the system.

3. Place sample into air lock basket and install 8 inch conflat flange to close the air lock.

4. The air lock must be purged with argon gas to remove the oxygen and water
contamination. MV-253-Ar, MV-296-Ar, MV-295-V, MV-300-Ar, and MV-310-Ar should
be closed. MV-316-Ar, MV-277-Ar, MV-252-Ar, MV-290-Ar, MV-256-AR, MV-291-Ar,
MV-294-Ar should be open.

5. FI-315-Ar should be adjusted to 8 SCFH.

6. MV-310-Ar should be opened and MV-300-Ar adjusted until FI-312-Ar indicates 2 SCFH.

7. Purge should continue until AE-311-Ar indicates an oxygen concentration below 10 ppm.

8. When purge has achieved desired oxygen level, close MV-252-Ar.

9. Open MV-253-Ar. Allow the cryostat boil off to purge the airlock until AE-311-Ar indicates
an oxygen level below 1 ppm. Because of the change of the purge gas source, MV-300-
Ar may have to be re-adjusted for FI-312-Ar to again indicate 2 SCFH.

10. Close MV-253-Ar, MV-290-Ar, and MV-310-Ar.

11. Open the large vacuum gate valve MV-245-V.

12. Using the rack mounted stepper motor controller, lower the basket onto the elevator
below the gate valve.

13. Release the material test basket from its catch mechanism by cycling EV-258-Air.

14. Entered desired material depth for cryostat insertion into the stepper motor rack mounted
controller. The controller will then slowly lower the elevator and material into cryostat.
Excess vapor generated by the warm material reaching liquid will continuously vent thru
MV-256-AR or PSV-313-Ar.

15. Once desired depth is reached, the controller will stop.

16. Use the rack mounted stepper motor controller to raise the basket catch/release
mechanism above the gate valve.

17. Once the material basket catch/release mechanism has retreated above the vacuum gate
valve as indicated by the controller and verified visually thru the window, close MV-254-V.

2.1d — Procedure for Operating “Air Lock” during material removal

All operators must meet the training requirements specified in section 2.3.
All steps of this procedure should be preformed while wearing eye protection. Cryogenic

gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

Page 30 of 304 ver. 7/14/2008



Terry Tope - 5.7.08
2.1a-f - 5/11

1. Cryostat should be in a stable operating condition with the appropriate liquid argon level
for the material test. The nitrogen pressure control loop set point should be 5 psig. MV-
360-V, MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-248-Ar, MV-253-Ar, MV-254-
V, MV-345-Ar, MV-329-Ar, MV-327-Ar, and MV-255-Ar should all be closed under normal
operating conditions. Automatic vent control of EP-205-Ar should be enabled at a set
point of 10 psig or greater.

2. The air lock must be purged with argon gas to remove the oxygen and water
contamination. MV-253-Ar, MV-296-Ar, MV-295-V, MV-300-Ar, and MV-310-Ar should
be closed. MV-316-Ar, MV-277-Ar, MV-252-Ar, MV-290-Ar, MV-256-AR, MV-291-Ar,
MV-294-Ar should be open.

3. FI-315-Ar should be adjusted to 8 SCFH.

4. MV-310-Ar should be opened and MV-300-Ar adjusted until FI-312-Ar indicates 2 SCFH.

5. Purge should continue until AE-311-Ar indicates an oxygen concentration below 10 ppm.

6. When purge has achieved desired oxygen level, close MV-252-Ar.

7. Open MV-253-Ar. Allow the cryostat boil off to purge the airlock until AE-311-Ar indicates
an oxygen level below 1 ppm. Because of the change of the purge gas source, MV-300-
Ar may have to be re-adjusted for FI-312-Ar to again indicate 2 SCFH.

8. Close MV-253-Ar, MV-290-Ar, and MV-310-Ar.

9. Open MV-254-V.

10. Using the rack mounted stepper motor controller raise the elevator to its highest position.

11. Lower the basket catch/release mechanism until it reaches the top of the basket.

12. By cycling EV-258-Air, attach the catch/release mechanism to the basket.

13. Using the rack mounted stepper motor controller, raise the basket into the air lock.

14. Visually verify that the basket is in the material lock and then close MV-254-V.

15. Verify that MV-290-Ar is closed. Verify that MV-256-Ar and MV-294-Ar are open. Open
Mv-296-Ar to vent any pressure inside the material lock. Verify that the pressure is 0 psig
on PI-326-Ar. The eight inch conflat flange may now be removed to access and remove

material in test basket. Use cryogenic gloves to remove material that is still cold.

2.1e — Procedure for filling the LN2 dewar

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing a face shield and cryogenic
gloves.

1. Remove the inlet cover on the fill connection and connect the tanker transfer hose. Do
not hammer the fill connection tight. Use the supplied wrench to tighten the fill
connection.

2. Open the blow-down valve, MV-93-N, to maintain the dewar pressure at 30 psig.
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3. Open the bottom fill valve MV-92-N.
4. Open the full trycock valve, MV-94-N.
5. Open the liquid discharge valve on the trailer to start filling the dewar.

6. Read the quantity gauge, DPI-100-N, during filling and observe the full trycock valve MV-
94-N.

7. Close the liquid discharge valve on the trailer when the quantity gauge DPI-100-N reads
50 inches or when liquid discharges from the full trycock valve MV-94-N.

8. Close the bottom fill valve, MV-92-N.

9. Close the dewar blow down valve MV-93-N.

10. Vent the contents of the fill line using MV-91-N.
11. Disconnect the transfer hose.

12. Replace the inlet cover on the fill connection.

2.1f — Normal Nitrogen Circuit Valve Positions During Operation

All operators must meet the training requirements specified in section 2.3.
1. Valves that are closed during normal operation: MV-91-N, MV-92-N, MV-90-V, MV-94-N,
MV-91-V, MV-86-N, MV-95-N, MV-107-N, MV-97-N, MV-119-N, MV-101-N, MV-99-N,
and MV-93-N.

2. Valves that are open during normal operation: MV-90-N, MV-89-N, MV-88-N, MV-96-N,
MV-100-N, MV-120-N, MV-87-N, MV-85-N, and MV-80-N.

2.1q — Procedure for Connecting Stockroom Liquid Argon Dewars to the System

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. Verify that the dewar label indicates the contents are liquid argon. Connecting a liquid
nitrogen dewar to the system will cause a violent reaction with any liquid argon in the
system as the nitrogen will freeze the argon. Also verify that the dewar contains liquid by
looking at the liquid level gauge.

2. Using the metallic green and black Valley Craft brand lifting cart, move the liquid argon
dewar from outside PAB into an open spot by one of the four flexible hoses that extend
from the liquid argon manifold.

3. Close MV-213-Ar. The argon manifold must be isolated from the rest of the system
anytime a dewar is added to the system to prevent contamination.

4. Connect the flexible stainless steel pigtail to the liquid withdrawal port on the dewar. The
stainless steel pigtail has a VCR to flare adaptor to mate with the dewar liquid withdrawal
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port. A new copper gasket should be used with the flare fitting each time the connection
is made up.

5. Repeat steps 1-4 to connect up to four dewars to the manifold.

6. Any pigtail not in use should be plugged by removing the VCR to flare adaptor and
plugging the VCR fitting.

7. Anytime a dewar is connected to the manifold, the connection must be helium leak
checked. A helium leak detector should be connected to MV-204-Ar. MV-204-Ar should
be opened and the flare fitting at the liquid withdrawal port and the isolation valve
supplied on the dewar should be sprayed externally with helium gas. Once the system is
reasonably leak tight, MV-204-Ar should be closed and the leak detector disconnected.

8. The liquid withdrawal isolation valve supplied on each dewar should be opened to
pressurize the manifold.

2.1h — Procedure for Removing Stockroom Liquid Argon Dewars from the System

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. Close MV-213-Ar. The argon manifold must be isolated from the rest of the system
anytime a dewar is removed from the system to prevent contamination of the upstream
filters.

2. Close the liquid withdrawal port isolation valve on each liquid argon dewar connected to
the system.

3. Slowly open MV-204-Ar to vent any pressure contained in the argon manifold.

4. When the pressure in the manifold has been vented, the flare connection at the liquid
argon dewar may be disconnected. If a new dewar is not being attached, the stainless
steel pigtail should be plugged by removing the VCR to flare adaptor and plugging the
VCR fitting.

5. MV-204-Ar should be closed after the desired dewars are disconnected.

6. Empty dewars should be removed from the PAB highbay using the metallic green and

black Valley Craft brand lifting cart and placed outside by the gas shed. The full/lempty
tag should be flipped so that the empty side faces upward.

2.1i — Procedure for Molecular Sieve Regeneration

All operators must meet the training requirements specified in section 2.3.
1. MV-213-Ar, MV-218-Ar, and MV-217-Ar should be closed.
2. The molecular sieve insulating vacuum should be checked on PT-181-V. If the vacuum
is worse than 100 microns, a vacuum pump should be connected to CVI-187-V and the

vacuum improved until its less than 100 microns. The purpose of this is to ensure the
inner vessel is not evacuated with pressure in the insulating vacuum space.
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3. The inner vessel vacuum surrounding the molecular sieve should be checked on PT-180-
V. Ifitis not less than 100 microns, the space should be pumped out. To do this, MV-
224-V/, MV-227-V, MV-228-V, EP-222-V, EP-362-V, and EP-155-V should all be closed.
The rough pump on the insulating vacuum pump cart should be started. When the
pressure reported by PE-226-V is less than 100 microns, EP-222-V should be opened.
Once the pressure reported by PE-226-V is less than 1 Torr, the turbo pump should be
started. The inner vessel should be pumped on until PT-180-V reads 10 microns or less.
Then EP-222-V should be closed. The turbo pump should then be turned off and allowed
to spin down.

4. A vacuum pump should be connected to MV-218-Ar with a cold trap between the pump
and MV-218-Ar.

5. Once the vacuum is below 1 Torr as indicated by a vacuum gauge at the pump, the cold
trap can be filled.

6. MV-218-Ar should be slowly opened. Avoid sending a surge of high pressure argon gas
to the vacuum pump.

7. Once the gauge at the pump reads less than 10 Torr, turn on the heater in iFix. Set point
should be 275 °C and duration 8 hours. Monitoring the vacuum gauge at the pump will
give some idea of the regeneration progress as water is removed and the pressure
drops.

8. After regeneration is complete, turn off the heater in iFix.

9. Close MV-218-Ar. Disconnect the vacuum pump.

2.1j — Procedure for O2 Filter Regeneration

All operators must meet the training requirements specified in section 2.3.
1. MV-217-Ar, MV-239-Ar, MV-244-Ar, MV-365-V, and MV-366-V must be closed.

2. MV-208-Ar, MV-480-HAr, and MV-461-HAr must be open. MV-202-Ar must also be
open, although it is inaccessible when the vacuum jacket is closed and should be in the
open position.

3. The oxygen filter cryostat insulating vacuum should be checked on PT-154-V. If the
vacuum is worse than 100 microns, a vacuum pump should be connected to CVI-289-V
and the vacuum improved until its less than 100 microns. The purpose of this is to
ensure the inner vessel is not evacuated with pressure in the insulating vacuum space.

4. The transfer line insulating vacuum should be checked on PT-15-V. Ifitis not less than
100 microns, then it should be pumped down. To do this, MV-224-V, MV-227-V, MV-
228-V, EP-222-V, EP-155-V, MV-267-V, and EP-362-V should all be closed. The rough
pump on the insulating vacuum pump cart should be started. When a readout connected
to gauge tube PE-226-V indicates a vacuum less than 100 microns, EP-362-V should be
opened. When the pressure reported by PE-226-V is less than 1 Torr, the turbo pump
should be started. When the pressure reported by PT-15-V (or PE-234-V) is less than 10
microns, EP-362-V may be closed and the turbo pump turned off.

5. From the regeneration station, supply a 5 SCFH flow of argon gas.
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6. IniFix, turn on the oxygen filter regeneration heaters HTR-8-Ar and HTR-55-Ar. Make
the set point for both heaters 270 °C.

7. Once the temperatures reported by TE-56-Ar and TE-54-Ar are stable, supply the 5% H;
—95% Ar mixture from the regeneration station for 8 hours.

8. Turn off HTR-8-Ar and HTR-55-Ar in iFix.

9. Supply a flow of argon gas from the regeneration station for 15 minutes to purge the
hydrogen from the system.

10. Close MV-461-HAr first and then close MV-480-HAr to isolate the filter with a positive
internal pressure.

2.1k — Procedure for Filling “Bo”

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be performed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. Start the argon purges. MV-316-Ar, MV-277-Ar, and the argon bottle isolation valve
should be open. PCV-273-Ar outlet should be adjusted to 10 psig as indicated by PI-275-
Ar. FI-278-Ar, FI-279-Ar, FI-280-Ar, FI-281-Ar, FI-282-Ar, FI-283-Ar, FI-390-Ar, and FI-
284-Ar should be set to 20 sccm. FI-315-Ar should be closed unless the material lock is
being purged. All Flowmeters except for FI-315-Ar should flow continuously to prevent
oxygen from migrating into the bulk of the o-rings.

2. The cryostat must be evacuated. MV-379-Ar, MV-380-Ar, and MV-381-V must all be
closed.

3. Although the cryostat is rated for 15 psi external pressure, the insulating vacuum
pressure should be checked on PT-17-V. The insulating vacuum should be less than 100
microns. If the insulating vacuum has spoiled, a vacuum pump should be connected to
MV-369-V or CVI-382-V, and the vacuum improved before pumping out the cryostat.
CVI-382-V does not have a spring, so it must be closed carefully when done pumping.

4. The rough pump on the cryostat pump cart should be started and MV-386-V opened.
When the vacuum is less than 100 microns as indicated by the pump contoller, MV-381-V
can be slowly opened to begin pumping out the cryostat. When PT-374-V indicates the
cryostat pressure is below 1 Torr, the turbo pump may be started. The cryostat should
be pumped on until the pressure reported by PT-382-V is less than 10 Torr. Typically
the cryostat reaches a pressure in the 5 x 10 Torr range after several days of vacuum
pumping prior to the fill.

5. The oxygen filter cryostat insulating vacuum should be checked on PT-154-V. If the
vacuum is worse than 100 microns, a vacuum pump should be connected to CVI-289-V
and the vacuum improved until it is less than 100 microns. The purpose of this is to
ensure the inner vessel is not evacuated with pressure in the insulating vacuum space.

6. The transfer line insulating vacuum should be checked on PT-15-V. Ifitis not less than
100 microns, then it should be pumped down. To do this, MV-224-V, MV-227-V, MV-
228-V, EP-222-V, EP-155-V, MV-267-V, and EP-362-V should all be closed. The rough
pump on the insulating vacuum pump cart should be started. When a readout connected
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to gauge tube PE-226-V indicates a vacuum less than 100 microns, EP-362-V should be
opened. When the pressure reported by PE-226-V is less than 1 Torr, the turbo pump
should be started. When the pressure reported by PT-15-V (or PE-234-V) is less than 10
microns, EP-362-V may be closed and the turbo pump turned off.

The molecular sieve insulating vacuum should be checked on PT-181-V. If the vacuum
is worse than 100 microns, a vacuum pump should be connected to CVI-187-V and the
vacuum improved until its less than 100 microns. The purpose of this is to ensure the
inner vessel is not evacuated with pressure in the insulating vacuum space.

The inner vessel vacuum surrounding the molecular sieve should be checked on PT-180-
V. Ifitis not less than 100 microns, the space should be pumped out. To do this, MV-
224-V/, MV-227-V, MV-228-V, EP-222-V, EP-362-V, and EP-155-V should all be closed.
The rough pump on the insulating vacuum pump cart should be started. When the
pressure reported by PE-226-V is less than 100 microns, EP-222-V should be opened.
Once the pressure reported by PE-226-V is less than 1 Torr, the turbo pump should be
started. The inner vessel should be pumped on until PT-180-V reads 10 microns or less.
Then EP-222-V should be closed. The turbo pump should then be turned off and allowed
to spin down.

The piping between MV-213-Ar and MV-379-Ar must be pumped out before introducing
argon. MV-213-Ar, MV-218-Ar, EP-222-V, MV-228-V, MV-227-V, MV-224-V, EP-362-V,
MV-480-HAr, MV-461-HAr, MV-239-Ar, MV-244-Ar, MV-365-V, MV-267-V, and MV-366-V
should all be closed. EP-155-V, MV-202-Ar (must be left open during assembly), MV-
208-Ar, and MV-217-Ar should be open.

The rough pump on the insulating vacuum pump cart should be started. When a gauge
readout connected to PE-226-V indicates a vacuum less than 100 microns, the LN2 cold
trap should be filled.

MV-365-V and MV-366-V should be slowly opened. When PE-226-V indicates a vacuum
of less than 1 Torr, the turbo pump should be turned on. The piping should be pumped
on for at least 4 hours.

Close MV-365-V and MV-366-V. Turn off the turbo pump. Allow rough pump to run until
LN2 trap is warm.

The argon filling manifold insulating vacuum should be checked using PE-225-V. If the
vacuum is not less than 100 microns, a vacuum pump should be connected to CVI-207-V
and the insulating space pumped until the vacuum is less than 100 microns. CVI-207-V
should then be closed and the vacuum pump disconnected.

Empty liquid dewars should be removed using 2.1h — Procedure for Removing
Stockroom Liquid Argon Dewars from the System.

MV-213-Ar and MV-204-Ar should be verified as closed. Follow procedure 2.1g -
Procedure for Connecting Stockroom Liquid Argon Dewars to the System to connect four
high pressure liquid argon dewars from the Fermilab stockroom to the manifold.

MV-381-V should be closed and the turbo pump on the cryostat pump cart turned off and
allowed to spin down.

MV-204-Ar, MV-218-Ar, MV-480-HAr, MV-461-HAr, MV-365-V, MV-366-V, MV-239-Ar,
MV-379-Ar, MV-380-Ar, and MV-244-Ar should be verified as closed.

Page 36 of 304 ver. 7/14/2008



Terry Tope - 5.7.08
2.1a-f- 11/11

18. MV-213-Ar, MV-217-Ar, and MV-208-Ar should be open. (MV-202-Ar should have been
left open during assembly).

19. Slowly open the liquid withdrawal isolation valve on one of the stock room dewars and
charge the system with argon. Open the liquid withdrawal valve on the rest of the
connected dewars.

20. Slowly open MV-239-Ar to allow argon to flow out the vent and cool down the transfer
line. This should be done at least until TE-56-Ar reaches a stable minimum temperature
and it appears that liquid is flowing out the vent piping.

21. Close MV-239-Ar.

22. Very slowly open MV-379-Ar and bring the cryostat to positive pressure as indicated by
PI-375-Ar.

23. Once the cyrostat is at positive pressure and the pressure is slowly rising, fully open MV-
380-Ar.

24. Adjust MV-379-Ar to balance the flow such that the cryostat remains below 10 psig during
the fill.

25. Liquid level will be indicated by LT-372-Ar. Fill the cryostat to the desired level, but not
beyond 32 inches.

26. Close MV-379-Ar.

27. Leave MV-380-Ar open. This will allow the cryostat boil off to vent and the pressure to
remain near atmospheric.

28. The high pressure stockroom dewars may remain open and connected to the system for
future charging if desired.

2.11 — Procedure for Emptying “Bo”

All operators must meet the training requirements specified in section 2.3.

All steps of this procedure should be preformed while wearing eye protection. Cryogenic
gloves and a face shield must be available in the immediate work area in case a leak must
be addressed or a cold component handled.

1. MV-379-Ar, MV-381-V, MV-239-Ar, MV-244-Ar, MV-208-Ar, and MV-380-Ar should be
closed.

2. Open MV-379-Ar and MV-239-Ar. Liquid will vent thru the vaporizer.

3. Last bit of liquid at cryostat bottom will slowly evaporate. HTR-22-Ar can be used to
speed up this evaporation.
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2.2a - Startup Check List for Filling the Material Test Station

1. Ensure the liquid nitrogen dewar has at least 15 inches of liquid in it as indicated by DPI-
100-N. If not, request a fill from Air Products by contacting Don Brown (610-481-1343 or
BROWNDE@airproducts.com).

2. Check that the LN2 dewar vapor pressure is around 45 psig as indicated by PI-100-N and
PT-51-N. If not, adjust RV-036-N or RV-090-N as needed.

3. Check that the Beckhoff PLC and the iFix GUI are operating properly.

4. Check that the argon purge cylinder has at least 500 psig left. If not, connect a new
cylinder of argon gas.

5. Ensure that at least 3 full stockroom high pressure argon dewars are available to fill the
cryostat.

6. Check the availability of shop air on PI-272-Air which should indicate at least 60 psig.

7. Check the log book (http://www-lartpc-crl.fnal.gov/lartpc/index.jsp) to see if the molecular
sieve and oxygen filter require regeneration. If so, regenerate per 2.1i and 2.1j.

2.2b - Startup Check List for Filling the TPC cryostat

1. Check that the Beckhoff PLC and the iFix GUI are operating properly.

2. Check that the argon purge cylinder has at least 500 psig left. If not, connect a new
cylinder of argon gas.

3. Ensure that at least 3 full stockroom high pressure argon dewars are available to fill the
cryostat.

4. Check the availability of shop air on PI-272-Air which should indicate at least 60 psig.

5. Check the log book (http://www-lartpc-crl.fnal.gov/lartpc/index.jsp) to see if the molecular
sieve and oxygen filter require regeneration. If so, regenerate per 2.1i and 2.1j.

Page 38 of 304 ver. 7/14/2008



2.3 - Training List for Operators of the FLARE Material Test Station and the TPC Cryostat

All operators of the FLARE material test station and TPC cryostat must meet the following training requirements.

1. Successful completion of Cryogenic Safety (General) EN000115 / CR.

2. 0O.D.H Training EN000029 / CR.

3. Successful completion of Pressure Safety Orientation EN000271 / CR.

4. Successful completion of Compressed Gas Cylinder Safety EN000213 / CR.

5. Must review system description, flow schematic, and operating procedures with a designated system expert.

Designated system experts: Terry Tope, Cary Kendziora.

Table 2.3.1: Date required training for FLARE material test station has been completed.

Terry Tope - 4.8.08

23-11

Cryogenic OD.H OD.H Pressure Compre§sed Review System
Person ID # Safety Training Training Safety Gas Cylinder Documents
(General) Completed Due Orientation Safety
Terry Tope 13329N 12/6/2002 2/5/2008 2/28/2009 1/10/2003 1/16/2002 Expert
Cary Kendziora | 4446N 1/23/1984 8/16/2007 Inactive 2/27/2003 3/13/2003 Expert
Stephen Pordes | 4663N 3/22/2006 Inactive
Doug Jensen 9541N 10/8/2007 10/31/2008 4/26/2000
Bill Miner 13161N 3/4/2003 5/21/2007 5/31/2008 1/7/2003 1/16/2002
Kelly Hardin 12976N 9/5/2002 1/3/2008 1/31/2009 3/11/2003 12/13/2000
Hans Jostlein 3972N 1/24/2008 11/5/2007 11/30/2008 11/2/2007
Mark Ruschman | 5006N 3/4/2003 5/10/2007 5/31/2008 12/2/2002 7/27/2001
Walter Jaskierny | 676N 9/5/2006 9/30/2007 9/4/2007 1/16/2002
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3.1 - FMEA

Type Tag Tag Service

Analyzing elements

Failure or Error Mode

Hazard or Effect

Hazard Class

Terry Tope - 5.7.08
3.1-119

Remarks

AE | 52 | HAr |Filter regeneration moisture monitoring (close to exhaust) Incorrect reading 02 filter regeneration may be incomplete Safe Operational problem

AE | 151 | HAr |Filter regeneration moisture monitoring (close to filter) Incorrect reading 02 filter regeneration may be incomplete Safe Operational problem

AE | 311 | Ar |Oxygen Analyzer Incorrect reading Air lock purge may be incomplete Safe Operational problem

AE | 312 | Ar |Oxygen Analyzer Not in service - - -

AE | 322 | Ar |Nitrogen Arc Cell Not in service - - -

Check valves

CV | 90 N |LN2 dewar fill line check valve Fails open LN2 from dewar could spill into parking lot Safe Operational problem if MV-92-N is left open
Potential trapped volume if PCV-70-N closes. Low probability of a check
valve failing shut. Pressure in a trapped volume will increase the

CVv | 90 N |LN2 dewar fill line check valve Fails closed LN2 dewar cannot be filled Marginal probability that a stuck check valve would open. PQVJO'N will only close
when the dewar vapor pressure reaches MAWP which also has a low
probability. Thus the creation of an unrelieved trapped volume is the
product of two low probability events.

CV | 150 | Ar [LArventline Fails open Wind effects felt on exhaust Safe No hazard

CV | 150 | Ar [LArventline Fails closed Potential trapped volume Marginal Low probablllty of a check valve fa!l!ng shut. Pressure in a trapped
volume would increase the probability a stuck check valve would open.

CV | 100 | N |LN2 dewar liquid use line Fails open Potential for back flow into dewar Safe No likely source for flowing back into dewar
Operational problem. Fermilab designed and fabricated check valve has

CV | 100 | N |LN2 dewar liquid use line Fails closed Potential trapped volume Marginal a small diameter hole thru the center of the teflon plug that would relieve a
trapped volume.

CV | 257 | Ar |"Air lock" vent line backflow prevention Fails open Potential contamination Safe ggsratlonal problem, under vacuum contaminants could be pulled into air

CV | 257 | Ar |"Air lock" vent line backflow prevention Fails closed Purging not possible Safe Operational problem, materials lock cannot be purged with Gar

CV | 266 | N2 |Insulating vacuum bleed up check valve Fails open No hazard Safe -

CV | 266 | N2 |Insulating vacuum bleed up check valve Fails closed GN2 source blocked Safe Operational problem, no GN2 to bleed up insulating vacuum with

y . . . . 400 psig GAr could back flow and damage the flowmeter if MV-9-HAr or

CV | 309 | HAr |O2 filter regeneration check valve Fails open F1-406-HAr could be over pressurized Marginal sither MV-10-HAr or MV-12-HAr are closed

CV | 309 | HAr |O2 filter regeneration check valve Fails closed Regeneration gas flow blocked Safe Operational problem, can't regenerate O2 filter

CV | 415 | HAr |Regeneration gas vent line back flow prevention Fails open Regeneration vent line can't be evacuated Safe Operational problem, possible contamination

CV | 415 | HAr |Regeneration gas vent line back flow prevention Fails closed Regeneration gas flow bIo<l:ked, PE-416-HAr over| Marginal Operational problem, can't regenerate O2 filter and vacuum transmitter

pressurized could be damaged by several atmospheres of pressure
Pump out ports

CVI| 138 | V |Luke vacuum pumpout/relief Fails open Insulating vacuum spoiled Safe Operational problem, PSV-210-Ar can handle excess boil off
If the ASME coded inner vessel fails, vacuum space is not relieved. Relief]
is a CVI vacuum pump out with the spring removed. The space that holds

. . . . . . the spring retaining clip in place has been epoxied shut so a spring cannot

CVI| 138 | V |Luke vacuum pumpout/relief Fails closed No relief for insulating vacuum Marginal be put back into the pumpout. There is a very low probability of this
pumpout failing shut because without the spring it works like a parallel
plate relief.

CVI| 187 | V |Molecular sieve pbar dewar insulating vacuum pumpout/relief Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation
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Operational problem, can't improve vacuum, no insulating vacuum relief if
inner vessel fails. For liquid to reach the insulating vacuum space, both
CVI | 187 | V |Molecular sieve pbar dewar insulating vacuum pumpout/relief Fails closed Insulating vacuum isolated Marginal the. LAr piping and the ASME inner VES.SE| mUSt. fail which is e)l(tremely
unlikely. CVI pumpout works like a relief valve in that the sealing surface
is held shut by a spring. If pressure was built in the vacuum jacket, its a
low probability that the CVI would stay shut.
CVI| 207 | V |Liquid argon source manifold insulating vacuum pumpout and relief Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation, likely frost buildup
Operational problem, can't improve vacuum, no insulating vacuum relief if
inner pipe fails. Low probability of CVI sticking shut as pressure builds
CVI| 207 | V |Liquid argon source manifold insulating vacuum pumpout and relief Fails closed Insulating vacuum isolated Marginal because the pumpout works like a spring loaded relief valve. Vacuum
jacket is 1.5" stainless steel tube that can withstand a substantial internal
pressure.
CVI| 220 | V |Pbar molecular sieve dewar inner vessel pumpout/relief Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation, likely frost buildup
Operational problem, can't improve vacuum, no insulating vacuum relief if
CVI| 220 | V |Pbar molecular sieve dewar inner vessel pumpout/relief Fails closed Insulating vacuum isolated Safe inner pipe fails (PSV-211-Ar and RD-209-Ar also protect space protected
by CVI-220-V)
CVI| 259 | V |Luke LN2-LAr condenser insulating vacuum pumpout/relief Fails open Insulating vacuum spoiled Safe Operational problem, condenser performance degrades
Operational problem, can't improve insulating vacuum, no insulating
vacuum relief if inner pipe fails. There is a low probability of the high
CVI| 259 | V |Luke LN2-LAr condenser insulating vacuum pumpout/relief Fails closed Insulating vacuum isolated Marginal quality stainless steel inner piping failing. There is also a low probability
of the CVI pumpout failing shut as pressure builds because it works like a
spring loaded relief valve.
CVI| 260 | V |LN2 transfer line vacuum pumpout/relief near Luke Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation, likely frost buildup
CVI| 260 | V |LN2 transfer line vacuum pumpout/relief near Luke Fails closed Insulating vacuum isolated Safe Operational problem, can access same vacuum volume using CVI-286-V
CVI| 285 | V |LN2 transfer line vacuum pumpout/relief dewar side Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation, likely frost buildup
Operational problem, can't improve vacuum, no insulating vacuum relief if
inner pipe fails. There is a low probability of the high quality stainless
CVI| 285 | V |LN2 transfer line vacuum pumpout/relief dewar side Fails closed Insulating vacuum isolated Marginal steel inner piping failing. There is al§o alow problablllty Of.the cvI .
pumpout failing shut as pressure builds because it works like a spring
loaded relief valve. The vacuum jacket is 1.5" SCH 10 SS which can
withstand a substantial internal pressure.
CVI| 286 | V |LN2 transfer line vacuum pumpout/PAB side Fails open Insulating vacuum spoiled Safe Operational problem, poor insulation, likely frost buildup
CVI| 286 | V |LN2 transfer line vacuum pumpout/PAB side Fails closed Insulating vacuum isolated Safe Operational problem, can access same vacuum volume using CVI-260-V
CVI| 289 | V |02 filter pbar dewar insulating vacuum pumpout/relief Fails open Insulating vacuum spoiled Marginal Pressure in insulating vacuum space could crumple inner vessel
No insulating vacuum relief. It would require a double failure to pressurize
CVI| 289 | V |02 filter pbar dewar insulating vacuum pumpout/relief Fails closed Insulating vacuum isolated Marginal the insulating vacuum. Both the piping inside the inner vessel and the
inner vessel itself would have to fail.
CVI| 382 | V |Boinsulating vacuum and relief Fails open Insulating vacuum spoiled Safe Operational problem, PSV-377-Ar can handle excess boil off
If the ASME coded inner vessel fails, vacuum space is not relieved. Relief]
is a CVI vacuum pump out with the spring removed. The space that holds
CVI| 382 | V |Boinsulating vacuum and relief Fails closed No relief for insulating vacuum Marginal the spring reltalnlng clip in place has b'een epoxied shut SO aspring cannot
be put back into the pumpout. There is a very low probability of this
pumpout failing shut because without the spring it works like a parallel
plate relief.
Differential pressure transmitters
DPT| 67 | Ar |Luke Vapor Pump filter liquid level Incorrect reading Possible poor pump performance Safe Operational problem
DPT| 100 | N |Liquid Nitrogen Dewar Incorrect reading Dewar liquid level unknown Safe Operational problem
Pneumatic valves
EP | 78 | Ar |Luke vapor pump equalization valve Fails open Liquid cannot be forced from filter Safe Operational problem - poor filtration
EP | 78 | Ar |Luke vapor pump equalization valve Fails closed Liquid won't flow into filter Safe Operational problem - poor filtration
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EP | 155| V |Oxygen filter vacuum isolation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during filtration or regeneration
EP | 155| V |Oxygen filter vacuum isolation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EP | 205 | Ar |Luke Arvent Fails open Cryostat cannot build pressure Safe gz:;ztlonal problem - Gar will be vented and system will no longer be
EP | 205 | Ar |Luke Arvent Fails closed Excess pressure not vented Safe Operational problem - Gar will be vented thru PSV-210-Ar if needed
EP | 222 | V |Molecular sieve insulating vacuum isolation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during filtration or regeneration
EP | 222 Molecular sieve insulating vacuum isolation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EP | 236 Cryostat pump cart inter-stage isolation (turbo protection) Fails open Turbo not protected Safe Operational problem - turbo vacuum pump could be damaged
EP | 236 Cryostat pump cart inter-stage isolation (turbo protection) Fails closed Turbo isolated from rougher Safe Operational problem - cryostat cannot be effectively evacuated
EP | 308 | Ar |Luke vapor pump liquid inlet Fails open Filter cannot be regenerated Safe Operational problem - poor filtration
EP | 308 | Ar |Luke vapor pump liquid inlet Fails closed LAr cannot enter filter Safe Operational problem - poor filtration
EP | 362 | V |LArtransfer line insulating vacuum isolation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during LAr transfer
EP | 362 | V |LArtransfer line insulating vacuum isolation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EP | 383 | V |Bo vacuum pump cart turbo protection valve Fails open Turbo not protected Safe Operational problem - turbo vacuum pump could be damaged
EP | 383 | V |Bo vacuum pump cart turbo protection valve Fails closed Turbo isolated from rougher Safe Operational problem - cryostat cannot be effectively evacuated
Electric valves
EV | 79 | Air |EP-78-Ar actuation Fails open Filter can't be isolated from cryostat Safe Operational problem - filter regeneration not possible
EV | 79 | Air |EP-78-Ar actuation Fails closed Liquid can't be forced from insulating space Safe Operational problem - poor filtration
EV | 105| N2 |LN2 transfer line into Luke condenser Fails open GAr will not be condensed Safe Operational problem - GAr will vent thru EP-205-Ar or PSV-210-Ar
EV | 105| N2 |LN2 transfer line into Luke condenser Fails closed Luke will not maintain positive pressure Safe Operational problem - LN2 will vent thru vaporizer
EV | 106 | N2 |LN2 transfer line vent Fails open Transfer line cannot pre-cool Safe Operational problem - condenser performance could degrade
EV | 106 | N2 |LN2 transfer line vent Fails closed LN2 will be wasted Safe Operational problem - LN2 will vent thru vaporizer
EV | 223 | Air |EP-222-V actuation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during filtration or regeneration
EV | 223 | Air |EP-222-V actuation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EV | 232 | V |EP-155-V actuation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during filtration or regeneration
EV | 232 | V |EP-155-V actuation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EV | 233 | Air |EP-362-V actuation Fails open Insulating vacuum spoiled Safe Operational problem - high thermal load during LAr transfer
EV | 233 | Air |EP-362-V actuation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EV | 258 | Air |Material basket catch/release mechanism actuation Fails open Material basket cannot be released Safe Operational problem - poor filtration
EV | 258 | Air |Material basket catch/release mechanism actuation Fails closed Material basket cannot be released Safe Operational problem - poor filtration
EV | 270 | N2 |EP-205-Ar actuation Fails open Cryostat cannot build pressure Safe gz:;ztlonal problem - Gar will be vented and system will no longer be
EV | 270 | N2 |EP-205-Ar actuation Fails closed Excess pressure not vented Safe Operational problem - Gar will be vented thru PSV-210-Ar if needed
EV | 287 | V |EP-236V actuation Fails open Turbo isolated from rougher Safe Operational problem - cryostat cannot be effectively evacuated
EV | 287 | V |EP-236V actuation Fails closed Turbo not protected Safe Operational problem - turbo vacuum pump could be damaged
EV | 384 | V |EP-383-V actuation Fails open Turbo not protected Safe Operational problem - turbo vacuum pump could be damaged
EV | 384 | V |EP-383-V actuation Fails closed Turbo isolated from rougher Safe Operational problem - cryostat cannot be effectively evacuated
Filters
F | 395| Ar [Removal of 02, H20, and HCs from Luke contamination gas Plugs Can't introduce contamination gas Safe Operational problem - cannot perform contamination gas injection studies
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F | 395| Ar [Removal of 02, H20, and HCs from Luke contamination gas Does not filter Contaminants not removed from test gas Safe Sggﬁgﬂ?;:ﬁ;gzﬁ:n - contamination test could be invalidated by O2 or
Flowmeters
FlI | 278 | Ar Luke vapor pump trapped volume relief (PSV-156-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 278 | Ar Luke vapor pump trapped volume relief (PSV-156-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 279 | Ar Luke vapor pump electronic purge Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 279 | Ar Luke vapor pump electronic purge Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 280 | Ar Luke ASME relief purge (PSV-210-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 280 | Ar Luke ASME relief purge (PSV-210-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 281 | Ar Molecular sieve trapped volume relief purge (PSV-219-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 281 | Ar Molecular sieve trapped volume relief purge (PSV-219-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FlI | 282 | Ar 02 filter inlet side trapped volume relief (PSV-249-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 282 | Ar 02 filter inlet side trapped volume relief (PSV-249-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 283 | Ar 02 filter outlet side trapped volume relief (PSV-250-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 283 | Ar 02 filter outlet side trapped volume relief (PSV-250-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 284 | Ar Material lock release mechanism argon purge Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 284 | Ar Material lock release mechanism argon purge Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FI | 312 | Ar |Oxygen analyzer flow indicator Incorrect reading Too little or too much purge flow Safe Operational problem - oxygen analyzer may report incorrect concentration
FI | 315| Ar |Airlock argon purge Manual valve fails closed No GAr purge flow to air lock Safe Operational problem - can't remove contamination from air lock
FI | 315| Ar |Airlock argon purge Incorrect reading Too little or too much purge flow Safe Operational problem - purge may be slower than expected
Fl | 390 | Ar |BoASME relief purge (PSV-378-Ar) Manual valve fails closed No GAr purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
FI | 390 | Ar |BoASME relief purge (PSV-378-Ar) Incorrect reading Too little or too much purge flow Safe Operational problem - possible oxygen diffusion into clean LAr spaces
Fl | 391 | Ar |Spare Not in service - - -—--
Fl | 392 | Ar |Spare Not in service - - -—--
Fl | 406 | HAr |Oxygen filter regeneration gas flow rate (metering valve limits to 5 SCFH) Manual valve fails closed No HAr regeneration gas flow Safe Operational problem - oxygen filter regeneration not possible
FI | 406 | HAr |Oxygen filter regeneration gas flow rate (metering valve limits to 5 SCFH) Incorrect reading Too little or too much gas flow Safe Operational problem - possible incomplete oxygen filter regeneration
Flow restricting orifices
‘ FO ‘ 212 ‘ Ar ‘Liquid argon source manifold argon flow restriction Itis not reasonable for a 0.122 in. dia orifice to plug completely - -
Heating elements
] OFF Oxygen filter cannot be regenerated Safe Operational problem - poor filtration
HTR| 8 | HAr |Oxygen filter regeneration heater ON Oxygen filter overheats Safe Hardwired thermocouple interlock cuts heater power
ON LAr vaporized Safe PSV-249-Ar has enough capacity for LAr vaporization rate
OFF Can't build vapor pressure Safe Operational problem
HTR| 21 Ar | Vapor pressure building heater ON Excess vapor pressure Safe PSV-210-Ar has enough capacity for LAr vaporization rate
ON Overheating Safe Hardwired thermocouple interlock cuts heater power
OFF Can't build vapor pressure Safe Operational problem
HTR| 22 | Ar |Vapor pressure building heater ON Excess vapor pressure Safe PSV-377-Ar has enough capacity for LAr vaporization rate
ON Overheating Safe Hardwired thermocouple interlock cuts heater power
OFF No oxygen filter gas preheat Safe Operational problem - poor filter regeneration
HTR| 55 | HAr |Oxygen filter gas pre-heater ON Oxygen filter overheats Safe Hardwired thermocouple interlock cuts heater power
ON LAr vaporized Safe PSV-249-Ar has enough capacity for LAr vaporization rate

Page 43 of 304 ver. 7/14/2008




Terry Tope - 5.7.08

3.1-5/19
OFF Oxygen filter cannot be regenerated Safe Operational problem - poor filtration
HTR| 72 | HAr |Luke vapor pump filter regeneration heater ON Oxygen filter overheats Safe Hardwired thermocouple interlock cuts heater power
ON LAr vaporized Safe Both I?S\{-156-Ar and PSV-210-Ar each have enough capacity for LAr
vaporization rate
OFF LAr not pushed out of filter Safe Operational problem - poor filtration
HTR| 75 | Ar |Luke vapor pump cup heater ON Vapor generation cup overheats Safe Hardwired thermocouple interlock cuts heater power
ON LAr vaporized Safe Both I?S\{-156-Ar and PSV-210-Ar each have enough capacity for LAr
vaporization rate
OFF Molecular sieve cannot be regenerated Safe Operational problem - poor filtration
HTR| 215 | Ar |Molecular sieve regeneration heater ON Molecular sieve overheats Safe Hardwired thermocouple interlock cuts heater power
ON LAr vaporized Safe PSV-219-Ar has enough capacity for LAr vaporization rate
Output to DAQ
INTL| 325 | Ar |24 VDC output to purity monitor for liquid level interlock OPEN (0 VDC) Can't operate purity monitor Safe Operational problem - liquid argon purity cannot be measured
INTL| 325 | Ar |24 VDC output to purity monitor for liquid level interlock CLOSED (24 VDC) Purity monitor HV arcing Safe Purity monitor could arc and damage itself if liquid level is too low - no
personnel damage due to current limits and a well grounded cryostat.
Liquid level transmitters
LT | 10 | N2 |Luke condenser LN2 level Incorrect reading GAr condenser control difficult Safe Operational problem - poor GAr vapor space pressure control
LT | 13 | Ar |Luke cryostat LAr level Incorrect reading Unknown quantity of LAr in cryostat Safe PSV-210-Ar can handle over filling of cryostat
LT | 372 | Ar |Bo cryostat LAr level Incorrect reading Unknown quantity of LAr in cryostat Safe PSV-377-Ar can handle over filling of cryostat
Manual valves
MV | 80 N |LN2 dewar pressure gauge isolation Fails open Can't isolate PI-100-N Safe Operational problem - dewar must be blown down to fix instrumentation
MV | 80 | N |LN2 dewar pressure gauge isolation Fails closed PI-100-N is isolated Safe Sper""“"”a' problem - dewar vapor pressure not indicated, consult PT-51-
MV | 85 N |LN2 dewar vapor line pressure sensing isolation Fails open Can't isolate DPI-100-N Safe Operational problem - dewar must be blown down to fix instrumentation
MV | 85 N |LN2 dewar vapor line pressure sensing isolation Fails closed DPI-100-N reads incorrectly Safe Operational problem - dewar liquid level not indicated properly
MV | 86 N |LN2 dewar level gauge equalization Fails open Can't service gauge Safe OG;:r?:dcould be damaged if equalization valve can't be closed and re-
MV | 86 LN2 dewar level gauge equalization Fails closed DPI-100-N could be damaged Safe Operational problem - dewar liquid level gauge could be damaged
Mv | 87 LN2 dewar liquid line pressure sensing isolation Fails open Can't isolate DPI-100-N Safe Operational problem - dewar must be emptied to fix instrumentation
MV | 87 LN2 dewar liquid line pressure sensing isolation Fails closed DPI-100-N reads incorrectly Safe Operational problem - dewar liquid level not indicated properly
MV | 88 N |LN2 dewar pressure building regulator isolation Fails open Can't isolate pressure building regulator Safe MV-96-N, MV-95-N, and MV-89-N can still isolate pressure building loop
MV | 88 N |LN2 dewar pressure building regulator isolation Fails closed Can't operate pressure building loop Safe Operational problem - dewar might not maintain adequate vapor pressure
MV | 89 N |LN2 dewar pressure building loop isolation Fails open Can't isolate pressure building regulator Safe MV-96-N, MV-95-N, and MV-88-N can still isolate pressure building loop
MV | 89 N |LN2 dewar pressure building loop isolation Fails closed Can't operate pressure building loop Safe Operational problem - dewar might not maintain adequate vapor pressure
MV | 90 V  |LN2 dewar vacuum pump out Fails open Insulating vacuum spoils Safe Operational problem - SV-100-N or SV-99-N can handle boil-off
MV | 90 V  |LN2 dewar vacuum pump out Fails closed Insulating vacuum can't be pumped on Safe Operational problem - dewar vacuum cannot be improved
MV | 90 N |LN2 dewar pressure relieving regulator isolation Fails open RV-90-N can't be isolated Safe Operational problem - dewar must be blown down to service regulator
MV | 90 N |LN2 dewar pressure relieving regulator isolation Fails closed RV-90-N can't vent excess pressure Safe SV-100-N or SV-99-N will safely vent excess vapor
MV | 91 V  |LN2 dewar vacuum readout isolation Fails open If PE-91-V leaks, insulating vacuum will spoil Safe Operational problem - SV-100-N or SV-99-N can handle boil-off
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MV | 91 V  |LN2 dewar vacuum readout isolation Fails closed Inaccurate reading from PE-91-V Safe Operational problem - SV-100-N or SV-99-N can handle boil-off

MV | 91 N |LN2 dewar fill line drain valve Fails open Large LN2 leak during fill Safe Operational problem - driver will not be able to fill LN2 dewar

MV | 91 N |LN2 dewar fill line drain valve Fails closed Can't drain fill line Safe Excess pressure will vent thru SV-90-N

MV | 92 N |LN2 dewar fill line isolation Fails open LN2 dewar drains into parking lot Safe Operational problem - dewar cannot be filled

MV | 92 N |LN2 dewar fill line isolation Fails closed LN2 dewar cannot be filled Safe Operational problem - upstream components can handle tanker pump
dead head pressure

MV | 93 N |LN2 dewar vapor vent Fails open LN2 dewar blows down Safe Operational problem - no vapor pressure to transfer liquid

MV | 93 N |LN2 dewar vapor vent Fails closed LN2 dewar can't be easily blown down Safe Operational problem - dewar will be hard to fill without blow down valve

MV | 94 N |LN2 dewar full trycock Fails open LN2 dewar blows down Safe Operational problem - no vapor pressure to transfer liquid

MV | 94 N |LN2 dewar full trycock Fails closed Difficult for tanker driver to determine when full Safe Operational problem - Driver can use DPI-100-N

MV | 95 | N |LN2 dewar pressure building loop bypass Fails open Excess vapor generation Safe SV-100-N or SV-99-N will safely vent excess vapor, closing MV-89-N
stops vapor generation

MV | 95 N |LN2 dewar pressure building loop bypass Fails closed No bypass for pressure building loop Safe Operational problem

MV | 96 | N |LN2 dewar pressure building regulator isolation Fails open Can't isolate pressure building regulator Safe gep:é?:t?::l problem - closing MV-88-N or MV-89-N stops vapor

MV | 96 N |LN2 dewar pressure building regulator isolation Fails closed Can't build vapor pressure Safe Operational problem - no vapor pressure to transfer liquid

MV | 97 LN2 dewar liquid withdrawal Fails open LN2 dewar drains into parking lot Safe Operational problem

MV | 97 LN2 dewar liquid withdrawal Fails closed Can't fill small hand dewars Safe Operational problem

MV | 98 N |LN2 dewar relief valve selector Fails open Valve cannot fail open Safe Yalve is open fo either one side or the other of the relief "tree” such that it
is always open

MV | 98 N |LN2 dewar relief valve selector Fails closed One set of relief devices isolated Safe Operational problem - if valve sticks, can't switch between relief devices

MV | 99 N |LN2 dewar vapor vent valve Fails open LN2 dewar blows down Safe Operational problem - no vapor pressure to transfer liquid

MV | 99 N |LN2 dewar vapor vent valve Fails closed Can't vent pressure to service relief valve Safe Operational problem

MV | 100 | N |LN2 dewar liquid into PAB isolation Fails open Can't isolate PAB from LN2 dewar Safe MV-119-N and MV-120-N provide downstream isolation

MV | 100 | N |LN2 dewar liquid into PAB isolation Fails closed No LN2 flow into PAB Safe Operational problem

MV | 101 N |LN2 dewar vapor vent valve Fails open LN2 dewar blows down Safe Operational problem - no vapor pressure to transfer liquid

MV | 101 N |LN2 dewar vapor vent valve Fails closed Can't vent pressure to service relief valve Safe Operational problem

MV | 107 | N |LN2 dewar isolation for future gas use Fails open LN2 dewar drains into parking lot Safe Operational problem

MV | 107 | N |LN2 dewar isolation for future gas use Fails closed Normal position for current setup Safe Operational problem only if gas use is desired

MV | 119 | N |LN2 liquid transfer line branch isolation Fails open Can't isolate future LN2 branch Safe PSV-117-N2 @ 100 psig plugs LN2 branch supplied at a max of 75 psig

MV | 119 LN2 liquid transfer line branch isolation Fails closed Normal position for current setup Safe Operational problem only if future LN2 expansion is required

MV | 120 LN2 liquid transfer line Luke/Bo branch isolation Fails open Can't isolate LN2 supply to GAr condensers Safe EV-105-N2 and EV-106-N isolate LN2 flow downstream of MV-120-N

MV | 120 LN2 liquid transfer line Luke/Bo branch isolation Fails closed No LN2 for GAr condensers Safe EP-205-Ar and PSV-210-Ar will vent cryostat boil-off

MV | 124 | Ar |Ar with O2 contamination source bottle regulator outlet isolation Fails open Can't isolate bottle regulator Safe Operational problem - can't isolate bottle regulator from vacuum pump

MV | 124 | Ar |Ar with O2 contamination source bottle regulator outlet isolation Fails closed No O2/Ar gas flow Safe Operational problem - can't perform contamination test

MV | 127 | Ar |Ar with O2 contamination source line regulator outlet isolation Fails open Can't isolate line regulator Safe Operational problem - can't isolate line regulator from vacuum pump

MV | 127 | Ar |Ar with O2 contamination source line regulator outlet isolation Fails closed No O2/Ar gas flow Safe Operational problem - can't perform contamination test

MV | 128 | Ar |Gas contamination introduction isolation Fails open No issue Safe MV-246-Ar provides a redundant function

MV | 128 | Ar |Gas contamination introduction isolation Fails closed No contamination gas flow Safe Operational problem - can't perform contamination test

MV | 131 | N2 |N2 contamination source regulator outlet isolation Fails open Can't isolate bottle regulator Safe Operational problem - can't isolate bottle regulator from vacuum pump

MV | 131 | N2 |N2 contamination source regulator outlet isolation Fails closed No N2/Ar gas flow Safe Operational problem - can't perform contamination test
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MV | 132 | N2 |Contamination manifold vacuum isolation Fails open Can't isolate vacuum pump Safe Sf;;ahonal problem - contamination gas will be vented thru vacuum

MV | 132 | N2 |Contamination manifold vacuum isolation Fails closed Can't evacuate gas lines Safe Operational problem - gas lines must be evacuated for purity reasons

MV | 202 | Ar |Filter assembly inlet isolation Fails open Can't isolate filter Safe Operational problem - Only an issue if filter is removed from system and
regenerated on a bench top

MV | 202 | Ar |Filter assembly inlet isolation Fails closed Potential trapped volume Safe VaIer Cannotlbe accessed from out§|de the vacuum jacket. Itis a high
quality all stainless steel valve that is unlikely to close.

MV | 204 | Ar |Liquid argon source manifold argon line isolation/pumpout Fails open LAr dumps onto floor Safe ODH analysus |r?d|cates this is acceptable and loud sound of high pressure
liquid venting will cause those present to shut the valve

MV | 204 | Ar |Liquid argon source manifold argon line isolation/pumpout Fails closed Can't evacuate argon liquid line Safe Operational problem - contaminants will be left in argon liquid line

MV | 208 | Ar |Filter assembly outlet isolation Fails open Can't isolate filter Safe Operational problem - Only an issue i filter is removed from system and
regenerated on a bench top
To create trapped volume, MV-202-Ar must also be closed. MV-202-Ar

MV | 208 | Ar |Filter assembly outlet isolation Fails closed Potential trapped volume Safe cannot be accessed from outside the vacuum jacket. Itis a high quality all
stainless steel valve that is unlikely to close.

MV | 213 | Ar |Liquid argon source manifold isolation Fails open Can't isolate LAr source manifold Safe Operatlonal prc?bleml- contamlnatlonl may be introduced into system
without proper isolation and evacuation

MV | 213 | Ar |Liquid argon source manifold isolation Fails closed Can't transfer LAr Safe Operational problem

MV | 217 | Ar |Molecular sieve isolation Fails open Can't isolate molecular sieve Safe Operational problem - regeneration and purity concerns

MV | 217 | Ar |Molecular sieve isolation Fails closed Can't transfer LAr Safe Operational problem - PSV-219-Ar relieves potential trapped volume

MV | 218 | Ar |Molecular sieve isolation/pumpout Fails open LAr dumps onto PAB floor Safe ODH analysus |r?d|cates this is acceptable and loud sound of high pressure
liquid venting will cause those present to shut the valve

MV | 218 | Ar |Molecular sieve isolation/pumpout Fails closed Can't evacuate molecular sieve Safe Operational problem - regeneration and purity concerns

MV | 224 | V |Transfer line insulating vacuum pump cart roughing pump port isolation Fails open Can't evacuate transfer line Safe t(i)n;z:ratlonal problem - possible turbo pump damage if opened at wrong

MV | 224 | V |Transfer line insulating vacuum pump cart roughing pump port isolation Fails closed Normal position Safe Operational problem - if another vacuum port is needed

MV | 227 | V |Insulating vacuum pump cart port isolation Fails open Can't evacuate transfer line Safe t(i)n;z:ratlonal problem - possible turbo pump damage if opened at wrong

MV | 227 | V |Insulating vacuum pump cart port isolation Fails closed Normal position Safe Operational problem - if another vacuum port is needed

MV | 228 | V |Insulating vacuum pump cart port isolation Fails open Can't evacuate transfer line Safe t(i)n;z:ratlonal problem - possible turbo pump damage if opened at wrong

MV | 228 | V |Insulating vacuum pump cart port isolation Fails closed Normal position Safe Operational problem - if another vacuum port is needed

MV | 229 | V |Cryostat pump cart port isolation Fails open Can't evacuate cryostat to high vacuum Safe t(i)n;z:ratlonal problem - possible turbo pump damage if opened at wrong

MV | 229 | V |Cryostat pump cart port isolation Fails closed Can't evacuate cryostat Safe Operational problem - if another vacuum port is needed

MV | 237 Seal monitor pump cart isolation Fails open Can't isolate vacuum pump Safe Operational problem

MV | 237 Seal monitor pump cart isolation Fails closed Can't vacuum pump flange seal or air lock Safe Operational problem - purity difficult to obtain without this vacuum pump

MV | 239 | Ar |Liquid argon "dump" before Luke Fails open Can't fill cryostat Safe Operational problem - LAr vaporized and vented outside.

MV | 239 | Ar |Liquid argon "dump" before Luke Fails closed Can't dump initial flow thru filter Safe ﬁfjrfﬁ::rnal problem - purity difficult to obtain without dumping iniial flow

MV | 241 | Ar |Gas contamination introduction isolation Fails open No problem Safe MV-242-Ar performs the same function

MV | 241 | Ar |Gas contamination introduction isolation Fails closed Can't introduce gas samples Safe Operational problem

MV | 242 | Ar |Gas contamination introduction isolation Fails open No problem Safe MV-241-Ar performs the same function

MV | 242 | Ar |Gas contamination introduction isolation Fails closed Can't introduce gas samples Safe Operational problem

MV | 244 | Ar |Luke cryo isolation valve Fails open Can't isolate cryostat Safe Operational problem -filter warming up could release contaminants

MV | 244 | Ar |Luke cryo isolation valve Fails closed Can't fill cryostat Safe Operational problem - PSV-250-Ar relieves potential trapped volume

MV | 246 | Ar |Gas contamination introduction isolation Fails open Can't isolate sample bottle Safe Operational problem - need isolation to deliver a known volume

MV | 246 | Ar |Gas contamination introduction isolation Fails closed Can't introduce contaminants Safe Operational problem
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MV | 247 | Ar |Luke vapor pump filter regeneration gas outlet isolation Fails open Filter is not isolated Safe COOprﬁ;ar:%r;aﬁloiroblem - could depressurize cryostat or introduce
MV | 247 | Ar |Luke vapor pump filter regeneration gas outlet isolation Fails closed Filter regeneration not possible Safe Operational problem
MV | 248 | Ar |Luke vapor pump filter regeneration gas inlet isolation Fails open Filter is not isolated Safe COopnti;a::ic:]r;aﬁloaroblem - could force liquid from cryostat or introduce
MV | 248 | Ar |Luke vapor pump filter regeneration gas inlet isolation Fails closed Filter regeneration not possible Safe Operational problem
MV | 251 "Air lock" vacuum isolation Fails open Air lock not isolated from turbo Safe Operational problem - can't use air lock
MV | 251 | V |"Air lock" vacuum isolation Fails closed Air lock evacuation not possible Safe Operational problem - contamination can't be removed from air lock
MV | 2562 | Ar |"Air lock" argon bottle purge isolation Fails open Air lock is constantly purged Safe Operational problem
MV | 2562 | Ar |"Air lock" argon bottle purge isolation Fails closed Air lock can't be purged with bottle gas Safe Operational problem - air lock can still be purged using cryostat gas
MV | 2563 | Ar |"Air lock" cryostat vapor purge isolation Fails open Air lock is constantly purged Safe Operational problem
MV | 2563 | Ar |"Air lock" cryostat vapor purge isolation Fails closed Air lock can't be purged with boil-off gas Safe Operational problem
MV | 254 Luke materials test station air lock pass thru Fails open Air lock can't be isolated from cryostat Safe Operational problem - air lock must be isolated to remove contamination
MV | 254 | V |Luke materials test station air lock pass thru Fails closed Materials cannot be placed into cryostat Safe Operational problem
MV | 2565 | Ar |Luke manual vapor vent Fails open Cryostat blows down Safe Operational problem
MV | 2565 | Ar |Luke manual vapor vent Fails closed Can't manually vent cryostat Safe Operational problem - EP-205-Ar can vent vapor
MV | 256 | Ar |"Air lock" purge vent isolation Fails open Can't evacuate air lock Safe Operational problem - contamination not removed from air lock
MV | 256 | Ar |"Air lock" purge vent isolation Fails closed Can't purge air lock with Ar gas Safe Operational problem - contamination not removed from air lock
MV | 261 Luke insulating vacuum isolation/pumpout Fails open Cryostat could loose insulating vacuum Safe Operational problem - PSV-210-Ar can handle boil-off
MV | 261 Luke insulating vacuum isolation/pumpout Fails closed Can't vacuum pump insulating space Safe Operational problem - PSV-210-Ar can handle boil-off
MV | 265 | N2 |Bleed up cylinder regulator outlet isolation Fails open No hazard Safe Normal position
MV | 265 | N2 |Bleed up cylinder regulator outlet isolation Fails closed Can't use N2 gas Safe Operational problem - can't bleed up insulating vacuum with dry gas
MV | 267 | V |Transfer line insulating vacuum nitrogen bleed up isolation Fails open Insulating vacuum not isolated Safe Operational problem - MV-265-N2 also provides isolation
MV | 267 | V |Transfer line insulating vacuum nitrogen bleed up isolation Fails closed Can't use N2 gas Safe Operational problem - can't bleed up insulating vacuum with dry gas
MV | 268 | Air |Shop air isolation Fails open Shop air can't be isolated Safe Operational problem
MV | 268 | Air |Shop air isolation Fails closed Shop air not available for valve actuation Safe Operational problem - safety not dependent on actuated valves
MV | 277 | Ar |Argon purge regulator outlet isolation at flow meter panel Fails open No hazard Safe Normal position
MV | 277 | Ar |Argon purge regulator outlet isolation at flow meter panel Fails closed No Ar gas purge Safe Operational problem - O2 diffusion thru o-rings will contaminate cryostat
MV | 290 | Ar |Air lock purge inlet isolation Fails open No hazard Safe Redundant valving can provide isolation if required
MV | 290 | Ar |Air lock purge inlet isolation Fails closed Air lock can't be purged Safe COopnet;an:i;r;aﬁloaroblem - Air lock can't be purged which could lead to cryostat
MV | 291 | Ar |Airlock purge oxygen monitor isolation Fails open No hazard Safe Redundant valving can provide equivalent functionality
MV | 291 | Ar |Airlock purge oxygen monitor isolation Fails closed No hazard Safe Redundant valving can provide equivalent functionality
MV | 294 | Ar |Oxygen monitor manifold inlet isolation Fails open No hazard Safe Redundant valving can provide equivalent functionality
MV | 294 | Ar |Oxygen monitor manifold inlet isolation Fails closed No hazard Safe Redundant valving can provide equivalent functionality
MV | 295 | V |Oxygen monitor vacuum pump isolation Fails open Can't isolate vacuum pump Marginal :/ni)(i\uituor:]citglrc]ipb(;ogfmt;zZZ?;%ZiEgrsxceSSive inlet pressure or oxygen
MV | 295 | V |Oxygen monitor vacuum pump isolation Fails closed Vacuum pump cannot be used Safe Operational problem - gas sampling lines cannot be evacuated before use
MV | 296 | Ar |Oxygen monitor open port isolation Fails open Sample gas flow fails to reach meter Safe Operational problem - air lock purge cannot be monitored
MV | 296 | Ar |Oxygen monitor open port isolation Fails closed No effect Safe Normal position
MV | 300 | Ar |Oxygen monitor metering valve Fails open Can't control gas sample gas flow Safe ﬁzgr:itri;)tneailfalrc?vt\;lrz::t(;raé:::;igtuirr?;it Zagg)'lzt;reading will be
MV | 300 | Ar |Oxygen monitor metering valve Fails closed Sample gas flow fails to reach meter Safe Operational problem - air lock purge cannot be monitored
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MV | 310 | Ar |Oxygen monitor inlet isolation Fails open No hazard Safe Normal position

MV | 310 | Ar |Oxygen monitor inlet isolation Fails closed Sample gas flow fails to reach meter Safe Operational problem - air lock purge cannot be monitored

MV | 316 | Ar |Argon purge regulator outlet isolation at bottle Fails open No hazard Safe Normal position

MV | 316 | Ar |Argon purge regulator outlet isolation at bottle Fails closed No Ar gas purge Safe Operational problem - O2 diffusion thru o-rings will contaminate cryostat

MV | 327 | Ar |Luke condenser argon space vent Fails open Luke depressurizes Safe Operational problem - ODH analysis takes this venting into account

MV | 327 | Ar |Luke condenser argon space vent Fails closed Condenser GAr space inaccessible Safe Operational problem - can't perform contamination test

MV | 328 | Ar |Luke vapor pump equalization isolation Fails open Can't isolate during regeneration Safe Opgratlonal problem - When filter is removgd forlreggneratlon, it cannot
be isolated from atmosphere and regeneration will fail

MV | 328 | Ar |Luke vapor pump equalization isolation Fails closed Vapor pump can't cycle Safe Operational problnlem - Blocks the cycling action of EP-78-Ar which stops
the filter from cycling

MV | 329 | Ar |Luke vapor pump vent isolation Fails open Luke depressurizes Safe Gas vents to the outside thru the vent header

MV | 329 | Ar |Luke vapor pump vent isolation Fails closed No effect Safe Normal position

MV | 333 | CO2 |Vapor pump transport CO2 bottle regulator outlet isolation Fails open CO2 sees LAr temperatures in cold valve Safe gzmﬁg;ﬂ problem - liquid in cold valve actuator may cause

MV | 333 | CO2 |Vapor pump transport CO2 bottle regulator outlet isolation Fails closed CO2 can't reach cold valve Safe Operational problem - can't shut cold valve during filter regeneration

MV | 336 | V |Vapor pump cold valve vacuum isolation Fails open Cold valve sticks open Safe Operational problem - can't shut cold valve during filter regeneration

MV | 336 | V |Vapor pump cold valve vacuum isolation Fails closed Cold valve cannot be opened Safe DO;):nratlonal problem - liquid cannot be filtered unless the cold valve is

MV | 337 | He |Vapor pump cold valve isolation at vapor pump top flange Fails open No effect Safe Normal position, CO2, He, and vacuum isolation provided by other valves

MV | 337 | He |Vapor pump cold valve isolation at vapor pump top flange Fails closed Cold valve cannot be opened Safe DO;):nratlonal problem - liquid cannot be filtered unless the cold valve is

MV | 338 | He |Vapor pump cold valve He supply isolation Fails open Can't open cold valve Safe DO;):nratlonal problem - liquid cannot be filtered unless the cold valve is

MV | 338 | He |Vapor pump cold valve He supply isolation Fails closed Cold valve can't be closed in LAr Safe lOperatlonalI problem - can't close cold valve without He gas if the valve is
immersed in LAr

MV | 342 | He |He bottle regulator outlet isolation Fails open No hazard Safe Normal position

MV | 342 | He |He bottle regulator outlet isolation Fails closed Cold valve can't be closed in LAr Safe lOperatlonalI problem - can't close cold valve without He gas if the valve is
immersed in LAr

MV | 354 | Ar |Luke liquid space tap isolation Fails closed No hazard Safe Normal position

MV | 354 | Ar |Luke liquid space tap isolation Fails open Luke depressurizes Safe Operational problem - ODH analysis takes this venting into account

MV | 360 | V |Luke vacuum pumpout isolation valve Fails open Can't isolate cryostat from turbo pump cart Safe Operational problem - cryostat could wreck turbo

MV | 360 | V |Luke vacuum pumpout isolation valve Fails closed Can't evacuate cryostat Safe Operatlf)na! problem - cryostat must be evacuated to remove air
contamination

MV | 365 | V |O2 filter vacuum isolation (downstream tap) Fails open Can't use O2 filter Safe Operational problem

MV | 365 | V |O2 filter vacuum isolation (downstream tap) Fails closed Can't evacuate filter from downstream side Safe COc?r:et;arg;)nr;aﬁlop:]roblem - may not be able to effectively remove

MV | 366 | V |O2 filter vacuum isolation (upstream tap) Fails open Can't use O2 filter Safe Operational problem

MV | 366 | V |O2 filter vacuum isolation (upstream tap) Fails closed Can't evacuate filter from upstream side Safe Operatlf)na! problem - may not be able to effectively remove
contamination

MV | 368 | V |Boinsulating vacuum isolation Fails open No effect Safe Redundant valving can provide equivalent functionality

MV | 368 | V |Boinsulating vacuum isolation Fails closed No effect Safe Redundant valving can provide equivalent functionality

MV | 369 | V |Boinsulating vacuum isolation/pumpout Fails open No effect Safe Redundant valving can provide equivalent functionality

MV | 369 | V |Boinsulating vacuum isolation/pumpout Fails closed No effect Safe Redundant valving can provide equivalent functionality

MV | 370 | Ar |Luke drain valve Fails open Cryostat empties Safe Operational problem - LAr is vaporized and vents outside

MV | 370 | Ar |Luke drain valve Fails closed Can't drain liquid from cryostat Safe Operational problem - could use heaters to vaporize LAr

MV | 375 | N2 |PT-27-N2 isolation Fails open Must disrupt process to service transmitter Safe Operational problem
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MV | 375 | N2 |PT-27-N2 isolation Fails closed Transmitter fails to report accurate pressure Safe Operational problem
MV | 379 | Ar |Bo LArfill isolation valve Fails open Can't bypass during cooldown Safe ﬁfjrfﬁg:rnal problem - purity difficult to obtain without dumping initial flow
MV | 379 | Ar |Bo LArfill isolation valve Fails closed Can't fill Bo with LAr Safe Operational problem
MV | 380 | Ar |Bo venting isolation Fails open Cryostat blows down Safe Operational problem
MV | 380 | Ar |Bo venting isolation Fails closed Can't manually vent cryostat Safe Operational problem - PSV-377-Ar and PSV-378-Ar can vent vapor
MV | 381 V  |Bo inner vessel vacuum pumpout Fails open Can't isolate cryostat from turbo pump cart Safe Operational problem - cryostat pressure could wreck turbo
MV | 381 V  |Bo inner vessel vacuum pumpout Fails closed Can't evacuate cryostat Safe Coc?r:et;ar:]i;)nr;aﬁlop:]roblem - cryostat must be evacuated to remove air
MV | 386 | V |Bovacuum pump cart rough pump isolation Fails open No effect Safe Normal position
MV | 386 | V |Bovacuum pump cart rough pump isolation Fails closed Can't evacuate cryostat Safe Coc?r:et;ar:]i;)nr;aﬁlop:]roblem - cryostat must be evacuated to remove air
MV | 387 | V |Bovacuum pump cart bleed up valve Fails open Can't evacuate cryostat Safe Coc?r:et;ar:]i;)nr;aﬁlop:]roblem - cryostat must be evacuated to remove air
MV | 387 | V |Bo vacuum pump cart bleed up valve Fails closed No effect Safe Normal position
MV | 393 | Ar |Luke contamination gas filter isolation Fails open No effect Safe Normal position
MV | 393 | Ar |Luke contamination gas filter isolation Fails closed Can't filter gas Safe Operational problem - contaminant test may be flawed
MV | 394 | Ar |Luke contamination gas filter isolation Fails open No effect Safe Normal position
MV | 394 | Ar |Luke contamination gas filter isolation Fails closed Can't filter gas Safe Operational problem - contaminant test may be flawed
MV | 401 | HAr |5% H2 95% Ar O2 filter regeneration gas metering valve Fails open No effect Safe Normal position is fully open
MV | 401 | HAr |5% H2 95% Ar O2 filter regeneration gas metering valve Fails closed Can't regenerate O2 filter Safe Operational problem
MV | 418 | HAr |Regeneration vacuum pump isolation Fails open No effect Safe Redundant valving can provide equivalent functionality
MV | 418 | HAr |Regeneration vacuum pump isolation Fails closed No effect Safe Redundant valving can provide equivalent functionality
MV | 419 | HAr |Regeneration vacuum pump isolation Fails open No effect Safe Redundant valving can provide equivalent functionality
MV | 419 | HAr |Regeneration vacuum pump isolation Fails closed No effect Safe Redundant valving can provide equivalent functionality
MV | 420 | HAr |Regeneration vacuum pump bleed up Fails open No effect Safe Redundant valving can provide equivalent functionality
MV | 420 | HAr |Regeneration vacuum pump bleed up Fails closed Can't start vacuum valve Safe Oil sealed valve might not start under vacuum
MV | 461 | HAr | O2 filter regeneration isolation (exhaust) Fails open LAr transfer line vents outside Safe Operational problem - venting liquid could damage transmitters
MV | 461 | HAr | O2 filter regeneration isolation (exhaust) Fails closed Can't regenerate filter Safe Operational problem
MV | 480 | HAr | O2 filter regeneration isolation (inlet) Fails open Possible contamination Safe Operational problem - contamination could reach LAr piping
MV | 480 | HAr | O2 filter regeneration isolation (inlet) Fails closed Can't regenerate filter Safe Operational problem
MV | V2 | HAr |Regulator isolation Fails open No effect - Not in use Safe -
MV | V2 | HAr |Regulator isolation Fails closed No effect - Not in use Safe -
MV | V4 | HAr |Regulator isolation Fails open No effect - Not in use Safe -
MV | V4 | HAr |Regulator isolation Fails closed No effect - Not in use Safe -
MV | V7 | HAr |Line pressure regulator outlet isolation Fails open Possible contamination Safe Operational problem - could introduce contaminants into regeneration gas
MV | V7 | HAr |Line pressure regulator outlet isolation Fails closed No effect - Not in use Safe Normal position
MV | V8 | HAr |Regeneration vacuum pump isolation Fails open Can't regenerate O2 filter Safe Operational problem
MV | V8 | HAr |Regeneration vacuum pump isolation Fails closed Can't evacuate regeneration piping Safe Operational problem - possible contamination
MV | V9 | HAr |Bench top oxygen filter regeneration isolation Fails open Can't regenerate "p-bar" O2 filter Safe Operational problem
MV | V9 | HAr |Bench top oxygen filter regeneration isolation Fails closed Can't regenerate local O2 filter Safe Operational problem
MV | V10| HAr |Regeneration gas isolation Fails open No effect Safe Redundant valving can provide equivalent functionality
MV | V10| HAr |Regeneration gas isolation Fails closed No effect Safe Redundant valving can provide equivalent functionality
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MV | V12| HAr |Regeneration gas isolation Fails open No effect Safe Redundant valving can provide equivalent functionality
MV | V12| HAr |Regeneration gas isolation Fails closed No effect Safe Redundant valving can provide equivalent functionality
MV | V14| HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator outlet isolation Fails open No effect Safe Normal position is fully open
MV | V14 | HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator outlet isolation Fails closed Can't regenerate O2 filter Safe Operational problem
Pressure regulators and pressure control valves
LN2 dewar could be over pressurized during a fill if dewar relief valves are
PCV| 70 N | Fill shut off valve Fails open LN2 dewar not protected from overfill Marginal g:jg;;;?{;r:? gg/h_ G;émkf:”tr::il;%ig;giﬁs;%i?\grl -I}T?Sreaif]i;}:’ 3?;&/
valve with a TUV certificate.
PCV| 70 N |Fill shut off valve Fails closed LN2 dewar cannot be filled Safe Operational problem - No LN2 to condense GAr
PCV| 121 | Ar |Arwith O2 contamination source bottle regulator Fails open Downstream components see bottle pressure Safe PSV-136-Ar protects downstream components
PCV| 121 | Ar |Arwith O2 contamination source bottle regulator Fails closed Contamination gas cannot flow Safe Operational problem
PCV| 125| Ar |Arwith O2 contamination source line regulator Fails open No additional line pressure regulation Safe Operational problem
PCV| 125| Ar |Arwith O2 contamination source line regulator Fails closed Contamination gas cannot flow Safe Operational problem
PCV| 129 | N2 |Nitrogen contamination source bottle regulator Fails open Downstream components see bottle pressure Safe PSV-136-Ar protects downstream components
PCV| 129 | N2 |Nitrogen contamination source bottle regulator Fails closed Contamination gas cannot flow Safe Operational problem
PCV| 262 | N2 |LAr transfer line insulating vacuum bleed up regulator Fails open Downstream components see bottle pressure Safe PSV-137-N2 protects downstream components
PCV| 262 | N2 |LAr transfer line insulating vacuum bleed up regulator Fails closed Bleed up gas cannot flow Safe Operational problem
PCV| 269 | Air |Shop air point of use regulator Fails open Shop air is unregulated Safe Operational problem
PCV| 269 | Air |Shop air point of use regulator Fails closed Shop air not available for valve actuation Safe Operational problem - safety not dependent on actuated valves
PCV| 273 | Ar |Argon purge bottle regulator Fails open Downstream components see bottle pressure Safe PSV-276-ar protects downstream components
PCV| 273 | Ar |Argon purge bottle regulator Fails closed Contamination gas cannot flow Safe Operational problem
PCV| 292 | Air |Materials basket catch/release mechanism line pressure regulation Fails open Catch/release mechanism operates poorly Safe Operational problem - PCV-269-AIR provides additional regulation
PCV| 292 | Air |Materials basket catch/release mechanism line pressure regulation Fails closed Catch/release mechanism does not operate Safe Operational problem
Possible damage to oxygen meter if purge gas pressure is too high.
PCV| 297 | Ar |Oxygen monitor inlet pressure regulation Fails open Purge gas over pressurizes meter Marginal However the metering valve MV-300-Ar should provide enough pressure
drop to protect the meter
PCV| 297 | Ar |Oxygen monitor inlet pressure regulation Fails closed Can't analyze purge gas Safe Operational problem
PCV | 330 | CO2 |Vapor pump transport CO2 bottle regulator Fails open Unregulated CO2 pressure Safe ;(i;/o-?Jss?g-;c\:/vaizc?i”se:ei%)(()%e;:igrSSOS; fogr:p'\r/l:;:l?;-coz is rated for
PCV| 330 | CO2 | Vapor pump transport CO2 bottle regulator Fails closed Can't close vapor pump cold valve Safe Operational problem when cryostat is warm
PCV| 339 | He |Vapor pump cold valve He supply bottle regulator Fails open Unregulated He pressure Safe E;X:gzgi::"eves excess pressure and MV-342-He can handle the
PCV| 339 | He |Vapor pump cold valve He supply bottle regulator Fails closed Can't close vapor pump cold valve Safe Operational problem when cryostat is cold
PCV| 388 | N2 |Luke condenser back pressure regulator Fails open No hazard Safe Operational problem if increased LN2 temperature is desired
PCV| 388 | N2 |Luke condenser back pressure regulator Fails closed Trapped volume Safe PSV-389-N2 relieves trapped volume
PCV | 396 | HAr |O2 filter regeneration gas bottle regulator (located outside PAB) Fails open Unregulated bottle pressure Safe ::Sr;/t-:g%:ﬁ;tﬁzdpfei\éfrgo-HAr relieve excess pressure and MV-V14-HAr
PCV| 396 | HAr |O2 filter regeneration gas bottle regulator (located outside PAB) Fails closed Can't regenerate O2 filter Safe Operational problem
PCV| 402 | Ar |Line pressure regulation Fails open No effect - Not in use Safe -
PCV| 402 | Ar |Line pressure regulation Fails closed No effect - Not in use Safe -
Vacuum pressure elements
PE | 91 V  |LN2 dewar insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Operational problem - SV-99-N or SV-100-N handles excess boil-off
PE | 91 V  |LN2 dewar insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe Operational problem - time could be spent investigating a non-existent

problem
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PE | 225| V |Liquid argon source manifold insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Operational problem - larger liquid loss during LAr transfer
PE | 225| V |Liquid argon source manifold insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 226 | V |Insulating vacuum pump cart inter-stage pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - may have trouble turning on turbo
PE | 226 | V |Insulating vacuum pump cart inter-stage pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 230 | V |Insulating vacuum pump cart pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - redundant instrument with PE-231-V
PE | 230 | V |Insulating vacuum pump cart pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 231 | V |Insulating vacuum pump cart pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - redundant instrument with PE-230-V
PE | 231 | V |Insulating vacuum pump cart pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 234 | V |Transfer line insulating vacuum pressure Incorrect reading -low Insulating vacuum worse than indicated Safe Operational problem - larger liquid loss during LAr transfer
PE | 234 | V |Transfer line insulating vacuum pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 235| V |Oxygen filter insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe ;(erﬂiirgg:naar:oa::rl'l?nrzgs:s:g(r:‘nre”rﬂuciy? :ﬁisssviléﬂ:?nLAr transfer, PT-15-V
PE | 235| V |Oxygen filter insulating vacuum Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 238 | V |Seal monitor pump cart pressure Incorrect reading -low Seal vacuum worse than indicated Safe gﬂiirgg:r::oaﬁoet;lfnrgés%?z%\;iu;r?hicsac;EES;O contamination, PT-69-V
PE | 238 | V |Seal monitor pump cart pressure Incorrect reading - high Vacuum better than indicated Safe Sr‘z)g::?rl;?ll-ggf/l??c)\-/izrgs:r?gtlgek:emsepair:}r:r:aﬁti%?tmigs?/QSSLJ::GSEM
PE | 288 | V |Cryostat pump cart vacuum pressure Incorrect reading -low Pump cart vacuum worse than indicated Safe Operational problem - PT-19-V and PT-33-V will indicate if vacuum is poor
PE | 288 | V |Cryostat pump cart vacuum pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 312 | V |Oxygen monitor manifold vacuum pump inlet pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - possible contamination
PE | 312 | V |Oxygen monitor manifold vacuum pump inlet pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 348 | V |LN2 transfer insulating vacuum near Luke Incorrect reading -low Insulating vacuum worse than indicated Safe Operational problem - larger liquid loss during LN2 transfer
PE | 348 | V |LN2 transfer insulating vacuum near Luke Incorrect reading - high Insulating vacuum better than indicated Safe Sr%g:::ns:z?‘;ggl_?/mp;;i’r&zgc;:?uiz:5‘?2;::25;32::23 anon-existent
PE | 371 | V |Boinsulating vacuum gauge tube Incorrect reading -low Insulating vacuum worse than indicated Safe Voapcirjg]ogz:lgfrfc’:rl]zrg}!?r;i(\e/rS?OT%LC;S::;’J: di:ﬁi;ﬁ?::t:t?::le loss of
PE | 371 | V |Boinsulating vacuum gauge tube Incorrect reading - high Insulating vacuum better than indicated Safe (p)r%a:::nslrﬂrg-b\llep?c;vtii(;?ez ?251]1gznstpiﬁ;trhn:;ittig?g:g a non-existent
PE | 408 | V |LN2 transfer insulating vacuum dewar side Incorrect reading -low Insulating vacuum worse than indicated Safe Operational problem - larger liquid loss during LN2 transfer
PE | 408 | V |LN2 transfer insulating vacuum dewar side Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - fime could be spent investigating a non-existent
PE | 409 | V |LN2 transfer insulating vacuum dewar side Incorrect reading -low Insulating vacuum worse than indicated Safe Sr%?/irggzrzldz;odtiimr;slta;LrJgn?;:?aut:gr:oss during LN2 transfer, PE-348-V
PE | 409 | V |LN2 transfer insulating vacuum dewar side Incorrect reading - high Vacuum better than indicated Safe Sr‘;a::?’ns:;gigl_?/mp;gi:&zgc;:guiz:&iﬁ;mﬁiﬁz::gg_a non-existent
PE | 416 | HAr |Regeneration gas vent line pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - possible contamination
PE | 416 | HAr |Regeneration gas vent line pressure Incorrect reading - high Vacuum better than indicated Safe (p)r;;g:::)nal problem - time could be spent investigating a non-existent
PE | 417 | HAr |Regeneration gas vacuum pump inlet pressure Incorrect reading -low Vacuum worse than indicated Safe Operational problem - possible contamination
PE | 417 | HAr |Regeneration gas vacuum pump inlet pressure Incorrect reading - high Vacuum better than indicated Safe Operational problem - time could be spent investigating a non-existent

problem
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Pl 12 | Ar |Luke cryostat Ar pressure Incorrect reading -low No hazard Safe Operational problem - PT-11-Ar provides redundant instrumentation

Pl 12 | Ar |Luke cryostat Ar pressure Incorrect reading - high No hazard Safe Operational problem - PT-11-Ar provides redundant instrumentation

Pl | 44 | N2 |LN2 transfer line pressure Incorrect reading -low No hazard Safe Operational problem - PT-27-N2 provides redundant instrumentation

Pl | 44 | N2 |LN2 transfer line pressure Incorrect reading - high No hazard Safe Operational problem - PT-27-N2 provides redundant instrumentation
Operational problem - could make it difficult for tanker truck driver to

Pl | 100 | N |LN2 dewar pressure Incorrect reading -low No hazard Safe match dewar pressure during fill, PT-51-N provides redundant
instrumentation
Operational problem - could make it difficult for tanker truck driver to

Pl | 100 | N |LN2 dewar pressure Incorrect reading - high No hazard Safe match dewar pressure during fill, PT-51-N provides redundant
instrumentation

Pl | 122 | Ar |Ar with O2 contamination source bottle pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 122 | Ar |Ar with O2 contamination source bottle pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 123 | Ar |Ar with O2 contamination source regulated bottle pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 123 | Ar |Ar with O2 contamination source regulated bottle pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 126 | Ar |Ar with O2 contamination source regulated line pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 126 | Ar |Ar with O2 contamination source regulated line pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 130 | N2 |N2 contamination source bottle pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 130 | N2 |N2 contamination source bottle pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 133 | N2 |LN2 vent back pressure Incorrect reading -low No hazard Safe Operational problem - PT-1-N2 provides redundant instrumentation

Pl | 133 | N2 |LN2 vent back pressure Incorrect reading - high No hazard Safe Operational problem - PT-1-N2 provides redundant instrumentation

Pl | 134 | N2 |N2 contamination regulated pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 134 | N2 |N2 contamination regulated pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 243 | Ar |Gas contamination sample bottle isolation Incorrect reading -low No hazard Safe Operational problem

Pl | 243 | Ar |Gas contamination sample bottle isolation Incorrect reading - high No hazard Safe Operational problem

Pl | 263 | N2 |Bleed up cylinder bottle pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 263 | N2 |Bleed up cylinder bottle pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 264 | N2 |Bleed up cylinder regulated pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 264 | N2 |Bleed up cylinder regulated pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 272| Air |Shop air regulated pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 272 | Air |Shop air regulated pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 274 | Ar |Argon purge cylinder pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 274 | Ar |Argon purge cylinder pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 275 | Ar |Argon purge cylinder regulated pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 275 | Ar |Argon purge cylinder regulated pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 293 | Air |Materials basket catch/release mechanism line pressure regulator outlet Incorrect reading -low | Catch/release mechanism could malfunction Safe Operational problem if supplied pressure is incorrect

Pl | 293 | Air |Materials basket catch/release mechanism line pressure regulator outlet Incorrect reading - high | Catch/release mechanism could malfunction Safe Operational problem if supplied pressure is incorrect

Pl | 298 | Ar |Oxygen monitor line pressure regulator inlet pressure Incorrect reading -low No hazard Safe Operational problem

Pl | 298 | Ar |Oxygen monitor line pressure regulator inlet pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 299 | Ar |Oxygen monitor line pressure regulator outlet pressure Incorrect reading -low Over pressurize oxygen meter Marginal !z;ﬁgggnvti:v;g/\;?%%g;r::ll?rig:':gi?heeemngfrh pressure drop

Pl | 299 | Ar |Oxygen monitor line pressure regulator outlet pressure Incorrect reading - high No hazard Safe Operational problem

Pl | 326 | Ar |Material lock pressure Incorrect reading -low No hazard Safe Operational problem
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Pl | 326 | Ar |Material lock pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 331 | CO2 |Vapor pump transport CO2 bottle regulator inlet pressure Incorrect reading -low No hazard Safe Operational problem - bottle may not be empty despite indication
Pl | 331 | CO2 |Vapor pump transport CO2 bottle regulator inlet pressure Incorrect reading - high No hazard Safe Operational problem - bottle may empty despite indication
Pl | 332 | CO2 |Vapor pump transport CO2 bottle regulator outlet pressure Incorrect reading -low No hazard Safe Operational problem - PI-334-CO2 provides redundant instrumentation
Pl | 332 | CO2 |Vapor pump transport CO2 bottle regulator outlet pressure Incorrect reading - high No hazard Safe Operational problem - PI-334-CO2 provides redundant instrumentation
Pl | 334 | CO2 |Vapor pump cold valve pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 334 | CO2 |Vapor pump cold valve pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 340 | He |He bottle regulator inlet Incorrect reading -low No hazard Safe Operational problem
Pl | 340 | He |He bottle regulator inlet Incorrect reading - high No hazard Safe Operational problem
Pl | 341 | He |He bottle regulator outlet Incorrect reading -low No hazard Safe Operational problem
Pl | 341 | He |He bottle regulator outlet Incorrect reading - high No hazard Safe Operational problem
Pl | 345 | Ar |LAr supply manifold line pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 345 | Ar |LAr supply manifold line pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 363 | Ar |Bo cryostat Ar pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 363 | Ar |Bo cryostat Ar pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 397 | HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator inlet pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 397 | HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator inlet pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 398 | HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator outlet pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 398 | HAr |5% H2 95% Ar O2 filter regeneration gas bottle regulator outlet pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 403 | Ar |Line pressure (notin use) Incorrect reading -low No hazard Safe Operational problem
Pl | 403 | Ar |Line pressure (notin use) Incorrect reading - high No hazard Safe Operational problem
Pl | 404 | Ar |Line pressure regulator inlet pressure (not in use) Incorrect reading -low No hazard Safe Operational problem
Pl | 404 | Ar |Line pressure regulator inlet pressure (not in use) Incorrect reading - high No hazard Safe Operational problem
Pl | 405 | Ar |Line pressure regulator outlet pressure (not in use) Incorrect reading -low No hazard Safe Operational problem
Pl | 405 | Ar |Line pressure regulator outlet pressure (not in use) Incorrect reading - high No hazard Safe Operational problem
Pressure relief valves
PSV| 101 | N2 |LN2 transfer line trapped volume relief Fails open LN2 vents outside Safe Operational problem
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 101 | N2 |LN2 transfer line trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 117 | N2 |LN2 transfer line trapped volume relief Fails open LN2 vents outside Safe Operational problem
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 117 | N2 |LN2 transfer line trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 118 | N2 |LN2 transfer line trapped volume relief Fails open LN2 vents outside Safe Operational problem
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 118 | N2 |LN2 transfer line trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 136 | Ar |Contamination gas supply line relief Fails open Bottle gas vents into PAB Safe ODH analysis indicates this is acceptable
Requires both the bottle regulator and the relief valve to fail to create a
PSV| 136 | Ar |Contamination gas supply line relief Fails closed Components unprotected against bottle failure Marginal hazard. There is a very low probability of both components failing
simultaneously.
PSV| 137 | N2 |Bleed up gas supply line relief Fails open Bottle gas vents into PAB Safe ODH analysis indicates this is acceptable
Requires both the bottle regulator and the relief valve to fail to create a
PSV| 137 | N2 |Bleed up gas supply line relief Fails closed Components unprotected against bottle failure Marginal hazard. There is a very low probability of both components failing

simultaneously.
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PSV| 156 | Ar |Luke vapor pump trapped volume relief Fails open GAr vents outside Safe Operational problem - Vapor pump will malfunction,
PSV| 156 | Ar |Luke vapor pump trapped volume relief Fails closed Potential trapped volume Safe B‘.e”OWS n Felrm||ab de5|glned and fabricated "cold” valve EP-308-Ar will
fail and vent filter volume into cryostat.
PSV| 203 | Ar |Liquid argon source manifold trapped volume relief Fails open GAr vents outside Safe -
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 203 | Ar |Liquid argon source manifold trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 210 | Ar |Luke LAr volume pressure relief Fails open GAr vents outside Safe Operational problem - Can't build pressure in cryostat
. . . Very low probability of an ASME coded relief valve failing shut. Rupture
PSV| 210 | Ar |Luke LAr volume pressure relief Fails closed Potential trapped volume Safe disk RD-302-Ar will blow at 55 psig which is 1.5x MAWP
PSV| 211 | Ar |Pbar molecular sieve filter dewar inner vessel relief Fails open Spoils molecular sieve insulating vacuum Safe Irr;téze::;ctiicl)c;sses during LAr transfer or increased heat load during filter
PSV| 211 | Ar |Pbar molecular sieve filter dewar inner vessel relief Fails closed No Hazard Safe CVI-220-V provides relief at ~ 0 psig with its spring removed
PSV| 219 | Ar |Molecular sieve trapped volume relief Fails open LAr flows to vaporizer and vents outside PAB Safe Olpferat'lonal problem - poor LAr transfer, contamination introduction if
piping is evacuated
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 219 | Ar |Molecular sieve trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 249 | Ar |LAr transfer line trapped volume relief Fails open LAr vents outside PAB Safe Olpferat'lonal problem - poor LAr transfer, contamination introduction if
piping is evacuated
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 249 | Ar |LAr transfer line trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 250 | Ar |LAr transfer line trapped volume relief Fails open LAr vents outside PAB Safe Olpferat'lonal problem - poor LAr transfer, contamination introduction if
piping is evacuated
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 250 | Ar |LAr transfer line trapped volume relief Fails closed Potential trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
PSV| 276 | Ar |Argon purge pressure relief Fails open Bottle supplied GAr vents inside PAB Safe Operatllopallproblem . POSS.Ible. o-ring O2 diffusion contamination, ODH
analysis indicates GAr venting is acceptable
Requires both the bottle regulator and the relief valve to fail to create a
PSV| 276 | Ar |Argon purge pressure relief Fails closed Downstream components unprotected Marginal hazard. There is a very low probability of both components failing
simultaneously.
PSV| 313 | Ar |Materials lock pressure relief Fails open Materials lock & possibly cryostat depressurize Safe Operational problem
Low probability of a quality Circle-Seal relief valve failing completely shut.
PSV| 313 | Ar |Materials lock pressure relief Fails closed Materials lock & and bellows over pressurized Marginal As pressure in the trappled volume exgeeded th? relief valve setl point, the
probability of a stuck relief valve opening would increase. Also its very
difficult for liquid to reach this space.
PSV| 335 | CO2 |Vapor pump transport CO2 supply relief (also relieves He when in Luke) Fails open CO2 or He vents into PAB Safe Operational problem - can't close cold valve
Requires both the bottle regulator and the relief valve to fail to create a
PSV| 335 | CO2 |Vapor pump transport CO2 supply relief (also relieves He when in Luke) Fails closed Downstream components unprotected Marginal hazard. There is a very low probability of both components failing
simultaneously.
PSV | 343 | He |He bottle supply relief valve Fails open He vents into PAB Safe Operational problem
Requires both the bottle regulator and the relief valve to fail to create a
PSV| 343 | He |He bottle supply relief valve Fails closed Downstream components unprotected Marginal hazard. There is a very low probability of both components failing
simultaneously.
PSV| 344 | V |LArtransfer line vacuum relief Fails open Spoils LAr transfer line insulating vacuum Safe Operational problem - Increased liquid loss during LAr transfer
Unlikely a cryogenic leak form the inner line could build up much pressure
PSV| 344 | V |LArtransfer line vacuum relief Fails closed Potential trapped volume Marginal in a vacuum jacket constructed from vacuum fittings. There is a very low
probability of a parallel plate relief failing open.
PSV| 377 | Ar |Bo LAr volume pressure relief Fails open GAr vents outside Safe Operational problem - Can't build pressure in cryostat
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Very low probability of an ASME coded relief valve failing shut. Rupture
PSV| 377 | Ar |Bo LAr volume pressure relief Fails closed Potential trapped volume Safe disk RD-302-Ar will blow at 55 psig which is 1.5x MAWP and can handle
all relieving conditions. PSV-378-Ar will open at 10 psig.
PSV| 378 | Ar |Bo LAr volume operational relief Fails open GAr vents outside Safe Operational problem - Can't build pressure in cryostat
PSV| 378 | Ar |Bo LAr volume operational relief Fails closed No Hazard Safe -
PSV| 389 | N2 |Luke condenser trapped volume relief Fails open LAr vents outside Safe Operational problem - Can't build pressure in condenser
Requires both relieving regulator and the relief valve to fail to create a
PSV| 389 | N2 |Luke condenser trapped volume relief Fails closed Potential trapped volume Safe hazard. There is a very low probability of both components failing
simultaneously.
PSV | 399 | HAr |5% H2 95% Ar O2 filter regeneration gas supply relief Fails open 5% H2 / 95% Ar vents outside PAB Safe Operational problem - can't regenerate oxygen filters
PSV | 399 | HAr |5% H2 95% Ar O2 filter regeneration gas supply relief Fails closed No Hazard Safe PSV-400-HAr protects all downstream piping except for MV-V14-Har
which is rated for bottle pressure
PSV | 400 | HAr |5% H2 95% Ar O2 filter regeneration gas supply relief Fails open 5% H2 / 95% Ar vents outside PAB Safe Operational problem - can't regenerate oxygen filters
Requires both the bottle regulator and the relief valve to fail to create a
PSV | 400 | HAr |5% H2 95% Ar O2 filter regeneration gas supply relief Fails closed Downstream components unprotected Safe hazard. There is a very low probability of both components failing
simultaneously.
PSV | 407 | Ar |Gas supply relief valve Fails open No Hazard - not in use Safe -
PSV | 407 | Ar |Gas supply relief valve Fails closed No Hazard - not in use Safe -
Pressure transmitters
PT | 1 N2 |Luke condenser LN2 back pressure Incorrect reading -low No Hazard Safe Operational problem - PI-133-N2 provides redundant instrumentation
PT | 1 N2 |Luke condenser LN2 back pressure Incorrect reading - high No Hazard Safe Operational problem - PI-133-N2 provides redundant instrumentation
PT | 1 Ar | Luke Ar vapor pressure Incorrect reading -low Luke vapor pressure hard to control Safe Operational problem - PI-12-Ar provides redundant instrumentation
PT | 1 Ar |Luke Ar vapor pressure Incorrect reading - high Luke vapor pressure hard to control Safe Operational problem - PI-12-Ar provides redundant instrumentation
PT | 15 V  |LAr transfer line insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Operatlonall problem - |r.1creased LAr losses, PE-235-V provides
redundant instrumentation
PT | 15 V  |LAr transfer line insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe Operational problem - ime could be spent investigating a non-existent
9 9 9 9 problem, PE-235-V provides redundant instrumentation
Operational problem - possible high LAr boil-off leading to increased LN2
PT | 17 V  |Bo dewar insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe consumption or GAr venting thru PSV-377-Ar which ODH analysis
indicates is OK
PT | 17 V  |Bo dewar insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe (p)r;;g:g:)nal problem - time could be spent investigating a non-existent
PT | 19 V  |Luke Argon volume rough vacuum Incorrect reading -low lon gauge PT-33-V could be damaged Safe Operational problem
PT | 19 V  |Luke Argon volume rough vacuum Incorrect reading - high lon gauge PT-33-V won't turn on Safe Operational problem
PT | 27 | N2 |Nitrogen transfer line pressure Incorrect reading -low Possible controls issues Safe Operational problem
PT | 27 | N2 |Nitrogen transfer line pressure Incorrect reading - high Possible controls issues Safe Operational problem
PT | 33 V | Luke Argon volume high vacuum Incorrect reading -low Argon volume vacuum worse than indicated Safe Opgratlonal probllem - possible contamination issues if high vacuum is not
achieved before fill
PT | 33 V | Luke Argon volume high vacuum Incorrect reading - high Argon volume vacuum better than indicated Safe Operational problem - time may be wasted by unnecessary pumping
PT | 51 LN2 dewar pressure transmitter Incorrect reading -low Possible controls issues Safe Operational problem
PT | 51 N |LN2 dewar pressure transmitter Incorrect reading - high Possible controls issues Safe Operational problem
Operational problem - possible high LAr boil-off leading to increased LN2
PT | 68 V  |Luke dewar insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe consumption or GAr venting thru PSV-210-Ar which ODH analysis
indicates is OK
PT | 68 V  |Luke dewar insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe (p)r;;g:g:)nal problem - time could be spent investigating a non-existent
PT | 69 V | Luke seal monitoring at vacuum pump Incorrect reading -low Insulating vacuum worse than indicated Safe S;Jj;atlonal problem - poor vacuum can lead to O2 diffusion thru o-ring
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PT | 69 V | Luke seal monitoring at vacuum pump Incorrect reading - high Insulating vacuum better than indicated Safe (p)r%g:::nal problem - time could be spent investigating a non-existent

PT | 180 | V |P-bar mole sieve filter dewar - filter insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Opgratlonal probllem - high LAr losses during transfer and high heat loads
during regeneration

PT | 180 | V |P-bar mole sieve filter dewar - filter insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe (p)r%g:::nal problem - time could be spent investigating a non-existent

PT | 181 | V |P-bar mole sieve filter dewar - dewar insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Opgratlonal probllem - high LAr losses during transfer and high heat loads
during regeneration

PT | 181 | V |P-bar mole sieve filter dewar - dewar insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe (p)r%g:::nal problem - time could be spent investigating a non-existent

PT | 185 Materials lock rough vacuum Incorrect reading -low lon gauge PT-33-V could be damaged Safe Operational problem

PT | 185 Materials lock rough vacuum Incorrect reading - high lon gauge PT-33-V won't turn on Safe Operational problem

PT | 186 | V |Materials lock high vacuum Incorrect reading -low Vacuum worse than indicated Safe i(zgli;atlonal problem - if not properly evacuated, contamination may be an

PT | 186 | V |Materials lock high vacuum Incorrect reading - high Vacuum better than indicated Safe (p)r%g:::nal problem - time could be spent investigating a non-existent

PT | 154 | V |Pbar oxygen filtering dewar filter insulating vacuum Incorrect reading -low Insulating vacuum better than indicated Safe (p)r%g:::nal problem - time could be spent investigating a non-existent

PT | 154 | V |Pbar oxygen filtering dewar filter insulating vacuum Incorrect reading - high Insulating vacuum worse than indicated Safe Opgratlonal probllem - high LAr losses during transfer and high heat loads
during regeneration

PT | 320 | Air [Shop Air Pressure Transmitter Incorrect reading -low Regulated air pressure higher than indicated Safe -

PT | 320 | Air [Shop Air Pressure Transmitter Incorrect reading - high Regulated air pressure lower than indicated Safe Possible operational problems if shop air is oo low, PI-272-Air provides a
redundant measurement

PT | 323 | Ar |Argon purge pressure transmitter Incorrect reading -low | Regulated argon pressure higher than indicated Safe -

PT | 323 | Ar |Argon purge pressure transmitter Incorrect reading - high | Regulated argon pressure lower than indicated Safe POSS.'Ible operational problems if argon purge supply is too low, PI-275-Ar
provides a redundant measurement

PT | 373 | Ar |BoAr vapor pressure Incorrect reading -low Luke vapor pressure hard to control Safe Operational problem - P1-363-Ar provides redundant instrumentation

PT | 373 | Ar |BoAr vapor pressure Incorrect reading - high Luke vapor pressure hard to control Safe Operational problem - P1-363-Ar provides redundant instrumentation

PT | 374| Ar [Bo Argon volume rough vacuum Incorrect reading -low No Hazard Safe Operational problem

PT | 374 | Ar [Bo Argon volume rough vacuum Incorrect reading - high No Hazard Safe Operational problem

PT | 382| V |Bo vacuum pump cart inlet full range pressure transmitter Incorrect reading -low Turbo may turn on at high pressure Marginal Turbo could be destroyed

PT | 382| V |Bo vacuum pump cart inlet full range pressure transmitter Incorrect reading - high No Hazard Safe Operational problem - Turbo pump may not turn on

PT | 385| V [Bo vacuum pump cart rough pump inlet pressure transmitter Incorrect reading -low No Hazard Safe Operational problem

PT | 385| V [Bo vacuum pump cart rough pump inlet pressure transmitter Incorrect reading - high No Hazard Safe Operational problem

Rupture disks

RD | 99 N |LN2 dewar rupture disk Fails open LN2 dewar blows down - No LN2 transfer Safe Operational problem - No LN2 will be supplied to GAr condensers

RD | 99 N |LN2 dewar rupture disk Fails closed No hazard Safe SV-99-N provides dewar relief

RD | 100 | N |LN2 dewar rupture disk Fails open LN2 dewar blows down - No LN2 transfer Safe Operational problem - No LN2 will be supplied to GAr condensers

RD | 100 | N |LN2 dewar rupture disk Fails closed No hazard Safe SV-100-N provides dewar relief

RD | 209 | Ar |Pbar molecular sieve filter dewar inner vessel relief Fails open Spoils molecular sieve insulating vacuum Safe Irr;t;::::;ctiicl)c;sses during LAr transfer or increased heat load during filter

RD | 209 | Ar |Pbar molecular sieve filter dewar inner vessel relief Fails closed No Hazard Safe CVI-220-V provides relief at ~ 0 psig with its spring removed

RD | 301 | V |Pbar oxygen filtering dewar filter insulating volume pressure relief Fails open Spoils O2 filter insulating vacuum Safe Irr;t;::::;ctiicl)c;sses during LAr transfer or increased heat load during filter

RD | 301 | V |Pbar oxygen filtering dewar filter insulating volume pressure relief Fails closed No Hazard Safe Parallel plate relief PSV-344-V provides adequate relief

RD | 302 | V |Luke cryostat LAr volume pressure relief Fails open Cryostat blows down Safe Operational problem

RD | 302 | V |Luke cryostat LAr volume pressure relief Fails closed No Hazard Safe PSV-210-Ar provides adequate relief

RD | 376 | V |Bo cryostat LAr volume pressure relief Fails open Cryostat blows down Safe Operational problem
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‘ RD ‘ 376 ‘ \% ‘Bo cryostat LAr volume pressure relief Fails closed No Hazard Safe PSV-377-Ar provides adequate relief
Pressure regulators
RV | 36 N |LN2 dewar pressure building regulator Fails open Excess N2 vapor is created Safe Operational problem - SV-99-N and SV-100-N will vent vapor
RV | 36 N |LN2 dewar pressure building regulator Fails closed Can't build pressure Safe Operational problem - need pressure to transfer LN2 into PAB
RV | 90 N |LN2 dewar pressure relieving regulator Fails open LN2 dewar blows down Safe Operational problem - need pressure to transfer LN2 into PAB
RV | 90 N |LN2 dewar pressure relieving regulator Fails closed LN2 dewar above normal operating pressure Safe Operational problem, SV-99-N and SV-100-N will vent vapor
Strainers
S 91 N |LN2 dewar fill line strainer Plugged up LN2 dewar can't be filled Safe Operational problem
S 91 LN2 dewar fill line strainer Does not filter Debris from outside pass thru fill line Safe Operational problem, dirt can keep valves from sealing tight
Relief valves
SV | 90 N |LN2 dewar fill line trapped volume relief Fails open LN2 vents into parking lot during fill Safe Operational problem
Low probability of a quality Circle-Seal relief valve failing completely shut.
SV | 90 N |LN2 dewar fill line trapped volume relief Fails closed Potential unrelieved trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
SV | 90 V  |LN2 dewar vacuum jacket relief Fails open Insulating vacuum spoils Safe Operational problem - SV-99-N and SV-100-N have adequate capacity
SV | 90 LN2 dewar vacuum jacket relief Fails closed Vacuum space is not relieved Marginal A parallel plate relief without spring loading is unlikely to fail closed
SV | 96 N |LN2 dewar pressure building loop trapped volume relief Fails open LN2 vents into parking lot Safe Operational problem - loop can be isolated to fix relief valve
Low probability of a quality Circle-Seal relief valve failing completely shut.
SV | 96 N |LN2 dewar pressure building loop trapped volume relief Fails closed Potential unrelieved trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
SV | 97 N |LN2 dewar pressure building loop trapped volume relief Fails open LN2 vents into parking lot Safe Operational problem - loop can be isolated to fix relief valve
Low probability of a quality Circle-Seal relief valve failing completely shut.
SV | 97 N |LN2 dewar pressure building loop trapped volume relief Fails closed Potential unrelieved trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
SV | 98 N |LN2 dewar pressure building loop trapped volume relief Fails open LN2 vents into parking lot Safe Operational problem - loop can be isolated to fix relief valve
Low probability of a quality Circle-Seal relief valve failing completely shut.
SV | 98 N |LN2 dewar pressure building loop trapped volume relief Fails closed Potential unrelieved trapped volume Marginal As pressure in the trapped volume exceeded the relief valve set point, the
probability of a stuck relief valve opening would increase.
SV | 99 N |LN2 dewar relief valve Fails open LN2 dewar blows down Safe Operational problem - need pressure to transfer LN2 into PAB
SV | 99 N |LN2 dewar relief valve Fails closed RD-99-N will vent dewar Safe Operational problem - rupture disk would have to be replaced after failure
SV | 100 | N |LN2 dewar relief valve Fails open LN2 dewar blows down Safe Operational problem - need pressure to transfer LN2 into PAB
SV | 100 | N |LN2 dewar relief valve Fails closed RD-100-N will vent dewar Safe Operational problem - rupture disk would have to be replaced after failure
Temperature elements
TE 6 N2 |LN2 transfer line cool down temperature (control) Incorrect reading -low Cool down falsely indicated complete Safe Operational problem - could cause controls issues
TE | 6 N2 |LN2 transfer line cool down temperature (control) Incorrect reading - high Cool down falsely indicated incomplete Safe Operational problem - could cause controls issues, wasted LN2
TE 7 Ar | O2 filter internal temperature (hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe If PLC controls fails, heater could overheat and damage filter material
TE | 7 Ar |02 filter internal temperature ((hard wired interlock) Incorrect reading - high | Filter regeneration heater prematurely shuts off Safe TE-54-Ar provides redundant instrumentation for PLC control
TE | 23 | Ar |Luke pressure building heater internal temperature (read out) Incorrect reading -low PLC does not shut off heater Safe Isfor;:;?egljrzi?ﬂlzte”mk also fails, heater could overheat and damage silver
TE | 23 Ar | Luke pressure building heater internal temperature (read out) Incorrect reading - high | Pressure building heater prematurely shuts off Safe Operational problem - controls issue could arise
TE | 24 Ar |Luke pressure building heater internal temperature ((hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe ;;:I{SC controls fails, heater could overheat and damage silver saldered
TE | 24 Ar | Luke pressure building heater internal temperature ((hard wired interlock) Incorrect reading - high | Pressure building heater prematurely shuts off Safe Operational problem - controls issue could arise
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TE | 25 | Ar |Bo pressure building heater internal temperature (read out) Incorrect reading -low Interlock does not protect heater Safe ;;:I{SC controls fails, heater could overheat and damage silver soldered
TE | 25 Ar | Bo pressure building heater internal temperature (read out) Incorrect reading - high | Pressure building heater prematurely shuts off Safe Operational problem - controls issue could arise
TE | 26 | Ar |Bo pressure building heater internal temperature ((hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe ;;:I{SC controls fails, heater could overheat and damage silver soldered
TE | 26 Ar |Bo pressure building heater internal temperature ((hard wired interlock) Incorrect reading - high | Pressure building heater prematurely shuts off Safe Operational problem - controls issue could arise
TE | 54 | Ar |02 filter internal temperature (control) Incorrect reading -low Filter regeneration temperature too high Safe :;22:::1"8[’ interlock also fails, heater could overheat and damage filter
TE | 54 | Ar |02 filter internal temperature (control) Incorrect reading - high Filter regeneration temperature too low Safe Operational problem - poorly regenerated filter could result
TE | 56 Ar |02 filter regeneration gas pre-heater temperature (control) Incorrect reading -low Filter regeneration gas temperature too high Safe If hardwired interlock also fails, heater could overheat
TE | 56 Ar |02 filter regeneration gas pre-heater temperature (control) Incorrect reading - high Filter regeneration gas temperature too low Safe Operational problem - poorly regenerated filter could result
TE | 57 Ar |02 filter regeneration gas pre-heater temperature ((hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe If PLC controls fails, heater could overheat and damage filter material
TE | 57 | Ar |O2filter regeneration gas pre-heater temperature ((hard wired interlock) Incorrect reading - high Filter regeneration gas c::ater prematurely shuts Safe TE-56-Ar provides redundant instrumentation for PLC control
TE | 73 | HAr |Luke Vapor pump filter regeneration heater (control) Incorrect reading -low Filter regeneration temperature too high Safe :;22:::1"8[’ interlock also fails, heater could overheat and damage filter
TE | 73 | HAr |Luke Vapor pump filter regeneration heater (control) Incorrect reading - high Filter regeneration temperature too low Safe Operational problem - poorly regenerated filter could result
TE | 74 | HAr |Luke Vapor pump filter regeneration heater (hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe If PLC controls fails, heater could overheat and damage filter material
TE | 74 | HAr |Luke Vapor pump filter regeneration heater (hard wired interlock) Incorrect reading - high | Filter regeneration heater prematurely shuts off Safe TE-73-HAr provides redundant instrumentation for PLC control
TE | 76 | Ar |Luke Vapor pump "cup" heater (control) Incorrect reading -low Vapor producing heater overheats Safe gor;:;c::gr;ciinlpsterlock also fails, heater could overheat and damage silver
TE | 76 | Ar |Luke Vapor pump "cup" heater (control) Incorrect reading - high PLC prematurely shuts off heater Safe Operational problem - need properly functioning heater to make GAr to

push LAr out of pump
TE | 77 | Ar |Luke Vapor pump "cup" heater (hard wired interlock) Incorrect reading -low Interlock does not protect heater Safe ;;:I{SC controls fails, heater could overheat and damage silver soldered
TE | 77 | Ar |Luke Vapor pump "cup" heater (hard wired interlock) Incorrect reading - high Heater prematurely shuts off Safe TE-76-HAr provides redundant instrumentation for PLC control
TE | 81 | HAr |Luke Vapor pump filter bed (ID) Incorrect reading -low No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 81 | HAr |Luke Vapor pump filter bed (ID) Incorrect reading - high No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 82 | HAr |Luke Vapor pump filter bed (OD) Incorrect reading -low No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 82 | HAr |Luke Vapor pump filter bed (OD) Incorrect reading - high No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 83 | HAr |Luke Vapor pump filter bed (middle) Incorrect reading -low No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 83 | HAr |Luke Vapor pump filter bed (middle) Incorrect reading - high No Hazard Safe Operational problem - poorly regenerated filter could result
TE | 214 | Ar |Molecular sieve regeneration temperature (hard wired interlock) Incorrect reading -low No Hazard Safe If PLC controls fails, heater could overheat and damage filter material
TE | 214 | Ar |Molecular sieve regeneration temperature (hard wired interlock) Incorrect reading - high | Filter regeneration heater prematurely shuts off Safe TE-216-Ar provides redundant instrumentation for PLC control
TE | 216 | Ar |Molecular sieve regeneration temperature (controls) Incorrect reading -low Filter regeneration temperature too high Safe :;22:::1"8[’ interlock also fails, heater could overheat and damage filter
TE | 216 | Ar |Molecular sieve regeneration temperature (controls) Incorrect reading - high Filter regeneration temperature too low Safe Operational problem - poorly regenerated filter could result
TE | 324 | Ar |Material lock elevator temperature probe Incorrect reading -low No Hazard Safe Operational problem - wrong material test temperature
TE | 324 | Ar |Material lock elevator temperature probe Incorrect reading - high No Hazard Safe Operational problem - wrong material test temperature
TE | 410 | Air |PAB high bay ambient air temperature Incorrect reading -low No Hazard Safe Operational problem - wrong ambient temperature
TE | 410 | Air |PAB high bay ambient air temperature Incorrect reading - high No Hazard Safe Operational problem - wrong ambient temperature
TE | 411 | CS |Luke top flange temperature Incorrect reading -low No Hazard Safe Operational problem - wrong flange temperature
TE | 411 | CS |Luke top flange temperature Incorrect reading - high No Hazard Safe Operational problem - wrong flange temperature
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Component FLARE Material Test Station
and TPC cryostat
Location PAB
Date 4/10/08

By Terry Tope

WHAT-IF

CONSEQUENCE/HAZARD

CONCLUSION/RECOMMENDATIONS

Loss of liquid nitrogen

Argon boil off will vent thru vent valve or
relief valve and cryostat pressure control is
lost.

Safe condition. Operational impact only — need a
closed system for material contamination tests.

Loss of insulating vacuums

System frosts over. Higher heat load to
LN2 and LAr circuits. Potential for relief
valves to open.

May cause high consumption of liquid
nitrogen.

Safe condition. System is protected with relief
valves that vent outdoors.

Safe condition. Operational impact.

Loss of instrumentation

May cause system instability with respect to
cryostat pressure control or regeneration
heater control.

Safe condition. Operational impact.

Power outage occurs at PAB

All control and instrumentation fails.

Safe condition. Operational impact — Historical
values no longer recorded, no pressure control,
relief valves vent.

Leaking stem packing on a cryo valve

Gas will vent into room.

Safe condition (see ODH analysis).

Transfer line inner lines rupture, weld
cracks, or silver solder joint breaks

Loss of insulating vacuum and
pressurization of the vacuum space.

Safe condition. Gas will vent into room thru
vacuum reliefs into room (see ODH analysis).

Weld cracks, bellows break on the
vacuum circuit.

Air will fill the vacuum space, thus creating
a higher heat load to the cryo circuits.

Safe condition. System is protected with relief
valves. May cause long cool down times for LN2
circuit or zero delivery condition.
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Liquid nitrogen dewar is pressurized to
MAWP and all valves that would
normally keep the transfer line
connected to a vent are closed.

Piping pressurized to dewar MAWP.

High LN2 delivery pressure may make it
hard to control pressure in Luke using the
condenser.

Safe condition. MAWP = 75 psig for LN2 dewar.
The sizing calculations for the dewar reliefs prove
that this pressure cannot be exceeded. All of the
components of the transfer line have pressure
ratings greater than 75 psig.

Safe condition. Operational problem.

PLC failure

Pressure control and heater control lost.

Safe condition. Operational impact. LAr will vent
thru relief valves.

A fire in PAB

Fire detectors go into alarm. Sprinklers
open in high bay. Fire Department
dispatched.

Likely equipment damage.
Fire or water from sprinklers could cause

significant damage to controls hardware,
wiring, and instrumentation.

Superinsulation on piping and vessels could
be damaged.

Heat input into cryogenic liquids builds
pressure in piping and cryostat.

Insulating vacuums may spoil if o-rings are
subjected to intense heat.

Safe condition. Operational problem - Control
system not required for system safety but required
for operation.

Safe condition. Operational problem - Heat leaks
during normal operation would be unacceptable if
radiation blankets are damaged.

Safe condition. Pressure vessels and piping
protected by relief valves (see relief calculations
and FMEA). Relief valves vent outside.

Safe condition. System is protected with relief
valves that vent outdoors. Operational problem -
Heat leaks during normal operation would be
unacceptable if insulating vacuums are spoiled.
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3.5a1 - ODH Analysis of the Proton Assembly Building for the FLARE
Materials Test Station and TPC Cryostats

Introduction

The Liquid Argon TPC R&D effort also known as FLARE has fabricated a
cryogenic system inside the Proton Assembly Building (PAB). The system is
designed to quantify the contamination effect of various materials on ultra high
purity liquid argon and test a small TPC wire chamber.

In addition to the Liquid Argon TPC R&D efforts at PAB (“Bo” and “Luke”),
a third liquid argon cryostat known as T962 will be present at PAB for a few
months of commissioning this summer before it is moved into the MINOS
Hall.

The cryogenic safety documentation for T962 can be found at the following
location:

http://projects-docdb.fnal.gov/cgi-bin/ShowDocument?docid=287

The ODH analysis for T962 combines the fatality rate of 4.57 x 10 fatalities per
hour computed in this document with its own contributions to reach an overall
fatality rate of 8.90 x 10 fatalities per hour for the PAB high bay area. Thus the
PAB high bay area remains ODH class zero with the addition of the T962
cryostat.

The T962 ODH analysis can be found here:

http://projects-docdb.fnal.gov/cgi-
bin/RetrieveFile?docid=287&version=7 &filename=t962-pab-odh.pdf

Description of the System

The cryogenic system contains both liquid nitrogen and liquid argon. Liquid
nitrogen is supplied by an 1875 gallon dewar located outside PAB. The liquid
nitrogen flows into PAB thru a half inch stainless steel tube that is vacuum
jacketed by 1.5 inch SCH 10 pipe stainless steel pipe. The liquid nitrogen is
used in a condenser that liquefies argon boil off so that the argon cryostat can
remain a closed system. The nitrogen gas is then vented outdoors after passing
thru a heat exchanger. The nitrogen circuit also contains a cool down solenoid
valve which directs the nitrogen flow directly thru the heat exchanger and then
outside. Nitrogen circuit trapped volume reliefs vent outside PAB.

Liquid argon is supplied by up to four 160 liter high pressure (350 psig relief
setpoint) dewars that are supplied by the Fermilab stock room. These dewars
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are used to fill two 250 liter cryostats. The cryostat known as “Luke” contains the
materials test station while the cryostat known as “Bo” contains the TPC wire
chamber. Typically four dewars would not be required to fill one cryostat. But
there are significant losses due to flashing and system cool down. It has also
been our experience that it is difficult to obtain completely full dewars from the
stock room. Operational experience with “Luke” indicates that 3 dewars are
required to fill one cryostat. The fourth argon spigot has been replaced by a
pressure indicator. However, the ODH analysis assumes 4 supply dewars are
connected. The argon dewars are plumbed to a manifold to create a common
argon source. The argon flows thru a series of valves and filters before it
reaches the cryostat. All relief devices on the argon circuit are vented outdoors
except for the cryostat rupture disk which is a secondary relief device.

Quantity of Cryogens, Building Volume, and Minimum Oxygen
Concentrations

The PAB high bay has a volume of 138,425 cubic feet. The amount of warm gas
contained in the 1875 gallon liquid nitrogen dewar is calculated as follows:

ft’ 50.41b ft’

X T x =174,307 > where 50.4 Ib/ft’ is the density
7481gal - fi* ~ 0.072471b

1,875gal x

of liquid nitrogen and 0.07247 Ib/ft® is the density of nitrogen gas at standard
conditions.

Thus there is enough nitrogen contained in the supply dewar to fully inert the
PAB high bay enclosure.

The equivalent amount of warm argon gas contained in four stock room dewars

ft’ 871b ft’

is 4 x160liters x X —— X
28.32liters  ft 0.10341b

=19,015f¢".

The equivalent amount of warm argon gas in the 250 liter cryostat is

ft’ UCN .
28.32liters  ft*  0.10341b

250liters x 7,428 ft.

If the four stockroom dewars are instantly vented into PAB, the minimum O2
concentration reached is

138,425 ), —19,015 ft.

argon

=119,410 1t

air

119,410, x0.21=25,076 ft.

oxygen
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25,076ﬁngeﬂ
—'“% X 100 = 18-1%0)(\'3’6” -
138,425 ft, '

If the four stockroom dewars are instantly vented into PAB along with the two 250
liter cryostats, the minimum O2 concentration reached is

138,425 fi.,, - (19,015 ft;

air argon

+2x 7,428 ft

argon

) =104,554 fi;

air

104,554 f). x0.21=21,956

oxygen

21,956 12, ...
ST 100 = 15.9%, -
138,425 fi. :

Argon is heavier than air so it cannot be assumed to perfectly mix with air to
create the above minimum oxygen concentrations.

The PAB high bay floor is about 100 feet by 49 feet. If the argon is assumed to
spread out across the floor and remain separate from the air, the thickness of the
stratified argon layer for four stock room dewars instantly dumped into the room
is

19,015 f°

2 394,
100 ft x 49 ft

If the two 250 liter cryostats are dumped into the room along with the four stock
room dewars the argon layer depth is

19,015 f1° +2x 7,428 f*

6.9 ft.
100 ft x 49 ft

To keep the analysis simple, it is assumed that the entire liquid argon inventory is
vented during an ODH event.

Ventilation System and ODH monitors

PAB is equipped with 3 ceiling exhaust fans. FESS has determined the capacity
of each fan to be at least 2000 SCFM Air. All three ceiling fans will turn on in the
event of an ODH alarm. They are also wired in a manner that allows each fan to
be turned on manually. In addition to the ceiling fans, a dedicated ODH fan has
been installed in the cryogenic area. This fan pulls the cold dense gas from the
floor and pushes it thru a duct which exhausts outside PAB. Together all four
fans yield a volume change in the high bay area every 17 minutes. Only the
dedicated ODH fan is included in the ODH analysis. At the end of this section
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the details of the dedicated ODH fan and ODH hardware layout are documented.
Figure 3.5a.1 shows the locations of ODH heads, horns, and fans.

ODH Event Leak rates for Nitrogen Circuit

Severed Line

Several leak rates are postulated for the nitrogen circuit. The most severe of
these considers the liquid nitrogen supply line to be severed just inside PAB.
The flow rate at this point is then a function of the resistance offered by the piping
outside PAB and the pressure of the dewar. The dewar pressure is taken to be
the maximum allowable pressure under fire conditions which is 121% of the
dewar MAWP of 75 psig or

1.21(75+15)-15=93.9psig.

The flow rate thru the LN2 piping outside PAB is calculated using the following
equation from Crane’s Technical Paper 410 for discharge of liquid

|14 =1891d21/@
K

where
= rate of liquid nitrogen flow in pounds per hour.
= internal diameter of pipe, = 0.5 -2 x 0.035 = 0.43 inches.
AP = differential pressure, 93.9 psi.
p= density of liquid nitrogen saturated at 93.9 psig, 43.19 Ib/ft.
K= resistance coefficient, sum of Kpipe + Keibow + Kvawe + Kexit
Kboipe = resistance of straight pipe outside PAB, K, = f% where
f= friction factor determined from pipe size and Reynolds number, =
0.029 (page A-25 of Crane 410)
L= length of pipe outside PAB, 227 inches.

D= internal diameter of pipe, 0.43 inches.
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Keibow = resistance of a standard elbow which = 30 x fr where fr is the
friction factor in the zone of complete turbulence for 0.43 inch
internal diameter pipe which is 0.029. Piping outside PAB has 2

elbows.
Kexit = resistance of a sharp edged pipe exit for the severed pipe, = 1.0
Kvave = resistance of the Cryolab isolation valve at the dewar exit,

894d*
vave = ——5— Where

C/ = flow coefficient for valve, C, = 12 for Cryolab valve
Re = Reynolds number, ratio of inertial and viscous forces

R, = 6'31% where
u= absolute viscosity of LN2 saturated at 93.9 psig, = 0.088 centipoise

The above equations yield

894(0.43)"*
K=0.029£+2x30x0.029+L2)+1.O=18.26
0.43 2
R =631—389 __gi5064
(0.43)0.088
93.9(43.1 . . .
w =1891(O.43)21/M 52112 which converts to SCFM in the following
18.26 hr
manner
3 3
R7 1S DA LN ST T S
hr  0.072471b 60min min

Thus the maximum flow the liquid nitrogen dewar can supply into PAB is
equivalent to 1198 SCFM of nitrogen gas.

Valve and Instrument Leakage

For leakage from valves and instruments on the LN2 supply line, the leak was
modeled as an orifice whose diameter is 25% of the pipe diameter. It is unlikely
that valve bodies or instruments will fail in a manner that completely opens up the
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supply piping. Before use, all piping will be pressure tested and helium leak
checked.

The leak rate is calculated using the following equation from Crane Technical
Paper 410 for liquid flow thru nozzles and orifices

W =1891d’C+/APp where
all variables except C and d; are previously defined.
ds = orifice diameter, 25% of 0.5 inch nominal tube diameter = 0.125 inch.

C= flow coefficient for nozzles and orifices (Crane 410 Page A-20), = 0.60 for
this case.

The maximum flow of nitrogen thru such a leak is

W =1891(0.125%)0.604/(93.9)43.19 =1129;l—b which converts to
r

3 3
TR T L LA L N P
hr . 0.072471b - 60min min

of warm atmospheric N2 gas.

The factor C was found from the plot on page A-20 using

R, = 6.31L =647635 and = 4 0125 0.29 where d; is the actual ID

‘ (0.125)0.088 d, 043

of the LN2 supply pipe.

Thus on the liquid nitrogen supply line, the leak rate for components is estimated
as 260 SCFM which is 23% of the total mass flow available inside PAB.

ODH Event Leak rates for Argon Circuit

Severed Line
The four argon supply dewars are each equipped with a liquid isolation valve with
a C, of 1.08. Thus the worst case leak is a severed line just after all four dewars

are tied together. From Crane 410, the flow rate out of one dewar can be
calculated as

0=C, AP62—'4 where
\j p
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Q= rate of liquid argon flow in gallons per minute.
C,= flow coefficient for valve, C, = 1.08 for dewar liquid isolation valve
according to Airgas.
AP = differential pressure, 350 psi based on stockroom supplied high

pressure liquid argon dewars with reliefs set at 350 psig.
o= density of liquid argon saturated at 350 psig, 63.37 Ib/ft°.

The maximum liquid flowrate out of one stock room dewar is found to be

0= 1.081/350ﬂ = 20.05g—0,ll which converts to
63.37 min

3 3 3
20,0584 M 033TIb T _ 1643/ \where 0.1034 I/t is the
min 7.48gal ft 0.10341b min

density of argon gas at standard conditions. Thus four dewars could

supply 6572 SFCM of warm argon gas. This is conservative because the hoses
and tubing connecting the four dewars would provide additional restriction that
would lower this flow rate.

LAr Supply Dewar Relief Valves

The relief valves on the LAr supply dewars could prematurely open. The typical
relief valve on the Airgas supplied dewars is a Generant LCV-250B-K-350 which
according to the manufacturer has a maximum flow of 81.4 SCFM Nitrogen at
120% of its 350 psig set point. This converts to Ib/hr as

3 .
81.4‘ft 8 60min « 0.0722171[9 _ 354&.
min hr ft hr

This can be converted to SCFM argon using the method outlined in ASME
Section VIII Appendix 11 Division 1 entitled “Capacity Conversions for Safety
Relief Valves.”

For any gas or vapor,

W = CKAPJ% where
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W= rated capacity in Ib/hr, 354 Ib/hr for nitrogen, argon value to be
solved for.
C= constant for gas or vapor which is a function of the ratio of specific

heats, C = 356 for nitrogen and 378 for argon.

KAP = constant for the relief valve.
M= molecular weight, 28.02 for nitrogen and 39.9 for argon.
T= absolute temperature in Rankin, choose 530 °R.

For the nitrogen rating,

w354
oM s st.oz
T 530

The argon mass flow rate is then

KAP = =4.325.

W = (356)(4.325)#% = 422.52—[9 which converts to
r

3 3
by B g0

X X . Thus the maximum rate at which the
hr 0.1034lp 60min min

422.5

supply dewar can relieve itself is 68.1 SCFM.

MV-204-Ar, MV-218-Ar, MV-365-V, and MV-366-V

MV-204-Ar is an isolation valve where a vacuum pump can be connected to
pump out the argon source manifold. If this valve with a C, of 1.2 is left wide
open while the circuit is pressurized, the leak rate is found to be

0=C, AP62—'4 = 1.201/35062—'4 = 22.28g—fll . This converts to a warm argon gas
P 63.37 min

3 3 3
flow rate of 22.28 gfll X Lt X 6333”’ X fi = 825L. This leak rate is
min 7.48gal St 0.10341b min

also used for MV-218-Ar, MV-365-V, and MV-366-V which are identical to MV-
204-Ar and is conservative because these three valves are separated from the
argon source by significant piping restrictions.
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Valve and Instrument Leakage for Components Upstream of the Cryostat

For leakage from valves and instruments on the LAr transfer line, the leak is
modeled as an orifice whose diameter is 0.125 inches which is 33% of the
nominal 3/8 inch tube diameter used to construct most of the LAr piping. It is
unlikely that valve bodies or instruments will fail in a manner that completely
opens up the supply piping. Most valves on the argon circuit are high quality
stainless steel construction with metal bellows seal to atmosphere.

The leak rate is calculated using the following equation from Crane Technical
Paper 410 for liquid flow thru nozzles and orifices

W =1891d’C+/APp where
ds = orifice diameter, 33% of 0.375 inch nominal tube diameter = 0.125 inch.

C= flow coefficient for nozzles and orifices (Page A-20 from Crane 410), =
0.60 for this case.

u = absolute viscosity of liquid argon saturated at 350 psig, 0.0751 centipoise.

The maximum flow of argon thru such a leak is

W =1891(0.125%)0.614/(350)63.37 = 26842 which converts to

hr

3 3
2684& X J1 X hr, =433 ﬁ of warm atmospheric argon gas.
hr 0.1034/b 60min min

The factor C was found from the plot on Crane 410 page A-20 using

R = 6.31A =1804105 and S = 4 = 0.125 =0.41 where d- is the actual

‘ (0.125)0.0751 d, 0.305

ID of the LAr supply pipe (3/8 inch OD — 2 x 0.035 inch wall = 0.305 inch).

Thus on the liquid argon transfer line, the leak rate for components upstream of
the cryostat is estimated as 433 SCFM.

Valve and Instrument Leakage for Components Attached to the Cryostat

From the relief valve calculations, the maximum mass flow rate into the cryostat
was found to be 1437 pounds per hour. This equates to warm argon gas
flowrate of 232 SCFM using the following conversion
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b 1 hr Via ,
1437 — x X — =232——_ This value was used as the leak rate for all
hr  0.10341b 60min min

components attached to the cryostat.

ODH Risk Assessment

As explained in Section 5064 of Fermilab’s ES&H Manual, the ODH classification
of an enclosure is determined by calculating the ODH fatality rate, ¢. It is defined
as:

¢ = iRF; where

i=1
P; = the expected rate of the i failure per hour
F; = the fatality factor for the /" event.

The summation is taken over all events, which may cause oxygen deficiency and
result in fatality. Fatality factors are calculated based on the maximum spill rate,
the rate of ventilation, and the size of the PAB enclosure. Events that could
potentially lead to an ODH condition were identified and tabulated for the PAB
high bay area in the tables at the end of this section. A single event probability
was estimated in most cases using Table 2 “NRC Equipment Failure Rate” on
page 5064TA-4 of Fermilab’s ES&H Manual. In some cases, a failure probability
was based on Fermilab experience since an applicable number was not readily
available in the NRC table. Based on the number of components present in the
PAB enclosure, a total event probability was calculated. The lowest oxygen
concentration (as time approaches infinity) was computed by applying equation 4
on page 5064TA-8 of Fermilab’s ES&H Manual:

V)

R

C,(1)= 0.21{1—5

l1-e

} = 0.21{1 - g} as t = o where

R = spill rate into enclosure, SCFM.
Q = enclosure ventilation rate, CFM.

This equation assumes complete mixing of the gases with the ventilation fans
drawing contaminated atmosphere from the confined volume. A fatality factor
was then determined from Figure 1 on page 5064TA-2 of Fermilab’s ES&H
Manual. By multiplying this fatality factor by the total event probability, an ODH
rate in fatalities/hour was calculated. The sum of all the ODH rates gives the
total ODH rate for the enclosure.
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This ODH analysis relies on the use of mechanical ventilation to remove the inert
gas from PAB. Although this ventilation reduces the overall ODH risk, it is also
subject to failure. Therefore, the probability that these failures will occur and
compromise the ventilation system needs to be factored into the overall risk
assessment. There are two main areas of concern. One is the failure of a
ventilation fan motor to turn on or the fan louvers to open. The second is an
unplanned electrical power outage during cryogenic operation. The total
probability of any one of these events occurring is simply the sum of their
probabilities. The ODH rate calculation table includes two cases. The first case
is for the ventilation system running. The second case considers the loss of the
ventilation system. In that case the failure rate of the forced ventilation is
factored into the calculation. The probability of a component event failure and a
ventilation failure occurring is the product of their failure probabilities since they
are independent events.

The probability of ventilation failure was determined as follows. The probability of
a power outage is 1 x 10 / hr based on Fermilab equipment failure rates. The
probability of an electric motor not starting is 3 x 10/ D based on NRC data. To
be conservative, the demand (D) is taken to be once an hour such that D = 1.
This probability is used for both the fan motor starting and the actuated louvers
opening. Thus the probability of a ventilation failure is 1 x 10* +2 x3x 10* =7 x
10/ hr. This value is used in the table that considers a ventilation failure. The
fan availability rate is then 1 — 7 x 10 or 0.9993. This value is used in the table
that considers the ventilation to be running.

The probability of a valve such as MV-204-Ar being left wide open was taken to
be (0.1 / D) which is much greater than the value of (3 x 10 / D) described as a
general human error of commission in Table 3 of FESHM 5064TA. If the valve is
assumed to be cycled once per day, then the probability of an error is (0.1 / D) x
(D/hr)=(0.1/1)x (1/24 hr) = 4.17 x 10” per hour.

The probability of the operator ignoring high pressure liquid or gas audibly
venting into the room is also taken to be (0.1 / D). If the valve is again assumed
to be cycled once per day, the probability of the operator ignoring the error is
4.17 x 107 per hour.

These two tasks are independent events such that the total probability of a valve
staying in the wide open position and its venting into the room being ignored is
the product of the two task probabilities or 4.17 x 10° x 4.17 x 10> = 1.74 x 10°°
per hour,

ODH Results

Table 1 finds the ODH fatality rate to be 1.19 x 10 which is less than 107 such
that with ventilation running the PAB high bay enclosure is ODH class zero.
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Table 2 finds the ODH fatality rate to be 4.57 x 10 which is less than 107 such
that when ventilation failure is considered the PAB high bay enclosure is ODH

class zero.
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ODH Hardware Layout and Dedicated ODH Fan Details

Figure 3.5a.1 shows the ODH hardware layout for PAB. Four ODH heads
mounted 6 inches from the floor surround the cryogenic area. One alarm horn is
mounted inside the high bay area. The second alarm horn is mounted in the
room adjacent to the high bay.

The dedicated ODH fan is a GreenHeck SWB backward inclined centrifugal utility
fan rated at 2000 SCFM air at 4 inches of water static pressure. The fan pushes
the cold vapor from a spill thru a duct that includes two elbows, a 15 foot vertical
rise, a damper, and two enlargements.

To verify the fan installation is adequate, the pressure drop thru the duct is
estimated.

Equation 3-20 shown below from Crane Technical Paper 410 was used to
calculate the pressure drop due to the flow of gas thru the duct

2
W =1891vd” A—}_)=>AP=( ud 2)1{\71
KV, 1891Yd

where
w = rate of flow in Ibs per hour. ODH analysis is based on a 2000 SCFM
flow of either nitrogen or argon. The nitrogen mass flow rate is then
3 .
200047 N, 5 O0MIN 007247 %0~ 8,696 2 v, and the argon mass
min hr ft hr
flow rate is
3 .
200071 Ay 5 S0MIN x0.1034l—b3 12,4082 ar.
min hr ft hr
Y = net expansion factor for compressible flow, 1.0 for the small pressure
drops in this duct flow analysis.
d = internal diameter of duct, inches. Duct is square, so an equivalent

diameter is calculated as

cross sectional flow area 4 13x20

d=4 =15.76 in.

wetted perimeter 13x2+20x%x2
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= specific volume of fluid, 2.774 ft*/Ib for saturated argon vapor, 9.673
ft*/lb for argon gas at STP, 3.465 ft*/lb for saturated nitrogen vapor,
and 13.8 ft°/Ib for nitrogen gas at STP.

= pressure drop in psi, converted to inches of water for comparison.

= tOtal reSIStanCG COfoICIent, Sum Of Ke[bow, Ken[arge1, Ken[argez, Kstraight’
Kentrance, and Kexit-

= 30 x fr where fr is the friction factor in the zone of complete
turbulence, 0.0132 for the ~16 inch equivalent duct diameter.

= resistance of enlargement from 9.625 x 13 inch fan outlet to 13 x 20
inch duct, 1.0 to be conservative.

= resistance of enlargement from 13 x 20 duct to 20 x 20 inch duct, 1.0
to be conservative.

= resistance to flow thru straight pipe, Kstraignt = f X L / d where fis the
friction factor based on Reynolds # and L is the length of the straight
section which is 15 feet x 12 inches per ft. = 180 inches.

= resistance due to entrance into duct, 0.78.

= resistance due to exit from duct, 1.0.

= Reynolds number, Re = 6.31dK (ratio of inertial to viscous forces).
u

= dynamic viscosity, 0.007029 centipoise for saturated argon vapor,
0.02246 centipoise for argon gas at STP, 0.005373 centipoise for
saturated nitrogen vapor, and 0.01769 centipoise for nitrogen gas at
STP.

The static head loss is calculated from the specific volume of the gas and the
height of the duct as shown below

1 b Lin ft 1/t 27.6799 in. H20
=" X X - X ) X - .
Vi ft 1 12in 144 in 1 psi

For saturated argon vapor, the static head is found to be

1 Ib
— X
2.774 ft°

180in  ft 1ft*  27.6799 in. H20
X X X

; ) - =1.039 in. H20.
1 12in 144 in 1 psi
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The louver pressure drop was provided by the vendor for a 2000 SCFM air flow.
It would be slightly more for the warm argon flow and less for the cold gas flows.
For the warm argon gas flow, the louver pressure drop is adjusted upward by the
ratio of the warm argon to nitrogen flowing pressure drops, 0.887 / 0.622 = 1.43.

Table 3.5a.3 provides estimates of pressure drop for the various cases. The fan

rating of 2000 SCFM at 4 inches of H,O is more than adequate to handle the flow
rates considered in the ODH analysis.

Table 3.5a.3: Pressure drop for both warm and cold gas flow thru the ODH duct.

Flowin Static Louver
Re f K 42 | Head 4P AP Total 4P
in.H,0 | in.H,0 | in.H,0 | ™M HO
WarmN, | 196.815 | 0.016 4742 0.622 0.209 0.12 0.950
ColdN, | 648.150 | 0.014 472 0.155 0.832 <012 1107
WarmAr | 221.181 | 0.016 4743 0.887 0.298 =017 1355
ColdAr | 706.870 | 0.014 472 0.253 1.039 <012 1412
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Table 3.5a.1: PAB ODH Risk Analysis with ventilation running. Pi Group Exhaust fan R Q 02 Fi $=ZPiFi
Fail Rate Source of Fail Rate (Pi x #) Availability leak rate vent rate Concentration Fatality Factor ODH Rate
ITEM Comment Type of Failure # of Items events/hr Fail Rate events/hr events/hr SCFM SCFM % fatalitv/event fatality/hr
Nitrogen circuit
LN2 supply piping < 3" diameter, max flow into PAB Rupture - severed line 1 1.00E-09 NRC 1.00E-09 0.9993 1198 2000 8.42 1.00E+00 9.99E-10
Condensor Treat as dewar, 25% pipe diameter Leak/rupture 1 1.00E-06 FNAL 1.00E-06 0.9993 260 2000 18.27 3.95E-08 3.95E-14
EV-104-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
EV-105-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
EV-106-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
LT-10-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
MV-119-N Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
MV-120-N Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
P1-44-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
PI-133-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
PT-1-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
PT-27-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
TE-6-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 260 2000 18.27 3.95E-08 1.18E-14
SV-117-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
Welds Max flow thru 25% pipe diameter Leak/rupture 50 3.00E-09 NRC 1.50E-07 0.9993 260 2000 18.27 3.95E-08 5.92E-15
Flanges Max flow thru 25% pipe diameter Leak/rupture 10 3.00E-07 NRC 3.00E-06 0.9993 260 2000 18.27 3.95E-08 1.18E-13
LN2 vent piping Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-09 NRC 1.00E-09 0.9993 260 2000 18.27 3.95E-08 3.95E-17
PCV-388-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
PSV-389-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
MV-375-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 260 2000 18.27 3.95E-08 3.95E-16
Argon Circuit
LAr supply piping < 3" diameter, max flow into PAB Rupture - severed line 1 1.00E-09 NRC 1.00E-09 0.9993 6572 2000 15.9 2.51E-06 2.51E-15
LAr supply dewar reliefs Max flow thru relief valve Premature open 4 1.00E-05 NRC 4.00E-05 0.9993 68.1 2000 20.28 1.16E-09 4.63E-14
PSV-203-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-204-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 1825 2000 15.90 2.51E-06 4.37E-11
MV-204-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-213-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-218-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 1825 2000 15.90 2.51E-06 4.37E-11
MV-218-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
PSV-219-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-217-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-365-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-366-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-365-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 1825 2000 15.90 2.51E-06 4.37E-11
MV-366-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 1825 2000 15.90 2.51E-06 4.37E-11
MV-480-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-461-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
PSV-250-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
PSV-249-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-202-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-208-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-239-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-244-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
MV-370-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 16.45 9.53E-07 9.52E-15
LT-13-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
MV-360-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-360-V Max flow into cryostat Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 232 2000 18.56 2.36E-08 4.10E-13
MV-241-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-247-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-248-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
DPT-67-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
DPT-153-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
MV-248-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
EP-307-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
EP-78-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PSV-156-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-242-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
P1-243-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
MV-246-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-128-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PSV-136-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-132-N2 Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-132-N2 Max flow into cryostat Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 232 2000 18.56 2.36E-08 4.10E-13
MV-131-N2 Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-127-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-251-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-252-V Max flow into cryostat Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 232 2000 18.56 2.36E-08 4.10E-13
MV-252-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-253-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-290-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-254-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PT-185-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PT-186-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
MV-256-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
CV-256-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-291-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-294-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-295-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-296-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PI-12-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PT-19-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PSV-210-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PT-11-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PT-33-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
MV-255-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
EP-205-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
RD-302-V Max flow into cryostat Premature Open 1 1.00E-05 NRC 1.00E-05 0.9993 232 2000 18.56 2.36E-08 2.36E-13
PSV-313-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-354-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PI-345-Ar Treat as flange, Max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 433 2000 16.45 9.53E-07 2.86E-13
MV-327-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-327-Ar Max flow into cryostat Valve left wide open 1 1.74E-05 | 33 x 5064 TBL 3 1.74E-05 0.9993 232 2000 18.56 2.36E-08 4.10E-13
Luke Cryostat Treat as dewar, max flow into cryostat Leak/rupture 1 1.00E-06 FNAL 1.00E-06 0.9993 232 2000 18.56 2.36E-08 2.36E-14
Welds up to and including Luke Max flow thru 25% pipe diameter Leak/rupture 100 3.00E-09 NRC 3.00E-07 0.9993 433 2000 16.45 9.53E-07 2.86E-13
Flanges up to and including Luke Max flow thru 25% pipe diameter Leak/rupture 40 3.00E-07 NRC 1.20E-05 0.9993 433 2000 16.45 9.53E-07 1.14E-11
Luke LAr vent piping Max flow into cryostat Leak/rupture 1 1.00E-09 NRC 1.00E-09 0.9993 232 2000 18.56 2.36E-08 2.36E-17
LT-372-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PT-373-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PT-374-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
PI-363-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 0.9993 232 2000 18.56 2.36E-08 7.07E-15
RD-376-Ar Max flow into cryostat Premature Open 1 1.00E-05 NRC 1.00E-05 0.9993 232 2000 18.56 2.36E-08 2.36E-13
PSV-377-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
PSV-378-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-379-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-380-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
MV-381-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 232 2000 18.56 2.36E-08 2.36E-16
Bo Cryostat Treat as dewar, max flow into cryostat Leak/rupture 1 1.00E-06 FNAL 1.00E-06 0.9993 232 2000 18.56 2.36E-08 2.36E-14
Welds with Bo Max flow into cryostat Leak/rupture 50 3.00E-09 NRC