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1.1 - System Description

The Liquid Argon TPC R&D effort at Fermilab has fabricated a materials test
station 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 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 paths over meters to wire planes.
These wire planes are oriented in such a way that the time, magnitude and
position of each path can be reconstructed. Thus a data acquisition system
records many snapshots of the relative appearance of ionization electrons each
second [at ~40 MHz]. 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 particles -
predominantly water and oxygen - will absorb the ionization electrons to make
themselves happy, but at the expense of the evidence of a particle having
passed through. Liquid argon calorimeters have been successfully operated at
Fermilab with electro-negative contaminants at the level of 107. The liquid argon
TPC requires electronegative contaminants to not 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 number of electrons surviving the transit from the cathode to the anode
gives a measure of the argon purity from those numbers.

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 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.

* All flanges use metal seals 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.

* The cryostat has ports that 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. In
this system it 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.

A cryostat identical to Luke will be added to the system after the materials test
station is commissioned. The cryostat will contain a small TPC chamber.

Liquid nitrogen is supplied to the 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.
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Figure 1.1.1: Drawing of the transfer line, filters, and cryostat.
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Figure 1.1.2: Photo of the transfer line, filters, and 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.
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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.



Terry Tope - 3.20.07
1.1-10/10

Figure 1.1.8: P-bar dewar drawing.
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1.2 — Flow Schematic

Drawing number 3942.510-ME-435365 details both the argon and nitrogen
piping. Both black and white and color versions are included.
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1.3 - Instrument and Valve Summary

Type Tag Tag Service Range or Set point Manufacturer Model or Part # Signal Out Maximum Pressure  Notes
ing elements
[CAE [ 311] Ar [OxygenAnalyzer [ 0- 100 ppm [ Delta F [ DF-150 [ 0-10VDC [ 20 psig |
|“AE |52 | HAr [Fiter moisture (close to exhaust) | 8010 +20C | Vaisala | DMT242A | 4-20 mA | 290 psig |
["AE 151 Har [Fitter moisture (close to filter) [ 600 +60 C [ Vaisala [ DMT242B [ 4-20 A [ 290 psig |
Check valves
CV | 90 | N [LN2 dewarfil line check valve no spring Check-All Valve UN-3-150-SS 3000 psig
Cv [ 150] Ar |LAr ventline 1 psig Circle Seal 249B-8PP 3000 psig
Cv [ 100] N [LN2 dewar liquid use line no spring Fermilab 1/2" cryogenic check valve >> 100 psig
CV [ 257 Ar |"Airlock" vent line backflow 3 psig Nupro SS-4CA-VCR 3000 psig
Cv | 266 | N2 [Insulating vacuum bleed up check valve 08 psi Circle Seal 2598-2PP 3000 psig
Pump out ports
cvi | 138] V_[Luke insulating vacuum mfq. supplied pumpout ~ 1 atm (spring removed) cvi V-1046-31 ~atm Russ Rucinski measured CVI relief flow
CVI | 187 V_|Molecular sieve pbar dewar insulating vacuum pu ~20 psig cvi V-1046-31 ~ atm with a spring:
CVI | 207] V_[Liquid argon source manifold insulating vacuum pumpout and relief ~20 psig cvi V-1046-31 ~atm Lift starts @ 20 psig
CVi | 220] V| Pbar molecular sieve dewar inner vessel pumpoutrelief ~ 1 atm (spring removed) cvi V-1046-31 ~atm 3.5 SCFH @ 23 psig
CVi| 250] V [Luke LN2-LAr insulating vacuum ~20 psig cvi V-1046-31 ~atm >>5 SCFH @ 30 psig
CVI| 260] V_[LN2 transfer line vacuum near Luke ~20 psig cvi V-1046-31 ~atm
CVi| 285] V_[LN2 transfer line vacuum dewar side ~20 psig cvi V-1046-31 ~atm
CVi | 286] V_|LN2 transfer line vacuum pumpout/PAB side ~20 psig cvi V-1046-31 ~atm
cvi | 289] v |02 filter pbar dewar insulating vacuum ~20 psig cvi V-1046-31 ~atm
Differential pressure i
['oPT| 67 | Ar |Luke Vapor Pump fiter liquid level [ 0-5 psid [ Setra [ €239 [ 4-20 A [ 75 psig |
|'oPT[ 100 N Liquid Nitrogen Dewar | 0-80"we | Barton | ITI3 | 4-20mA | 500 psig |
['oPT[ 153] Ar [Luke Vapor Pump filter shield liquid level [ 0-5psid [ Setra [ €239 [ 4-20 mA [ 75 psig J
Pneumatic valves
EP r [ Luke Vapor pump filter insulation Normally Closed - 100 psig actuation pressure SS-6UW-V19-TF-6C 2500 psig
EP | 155 V_|Oxygen filter vacuum isolation normally closed VAT F29615-17 ~atm
EP | 205] Ar |Luke Arvent Normally Closed - 100 psig actuation pressure SS-6UW-V19-TF-6C 2500 psig
EP | 222 V_|Molecular sieve insulating vacuum isolation normally closed MDC KAV-150-P ~atm
EP | 236 V| Cryostat pump cart inter-stage isolation (turbo protection) normally closed Varian VPI251205060 ~atm
EP | 307] Ar |Luke vapor pump valve Normally Closed - 100 psig actuation pressure SS-6UW-V19-TF-6C 2500 psig
EP | 308] Ar |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 Pressure limited by bellows
EP | 362| V_|LAr transfer line insulating vacuum isolation normally closed Temascal 45130 ~atm
Electric valves
EV | 79 | Air [EP-78-Ar actuation normally closed Asco 8320G132 (24 VDC) 24VDC 200 psig
EV | 105] N2 [LN2 transfer line into Luke normally closed Asco T (120 VAC) 120 VAC 100 psig
EV | 106] N2 [LN2 transfer line vent normally closed Asco T (120 VAC) 120 VAC 100 psig
EV | 152] Air |EP-307-Ar actuation normally closed Asco 8320G132 (24 VDC) 24 VDC 200 psig
EV | 223] Air |EP-222-V actuation normally closed Humphrey 31039 RC 120 VAC 125 psig
EV | 232| Air |EP-155V actuation normally closed Huba 222 120 VAC > 100 psig Unknown model, but has been used with
EV | 233| Air |EP-362-V actuation normally closed Humphrey T125 4E136 120 VAC 125 psi
EV | 240 | He |Luke vapor pump cold valve actuation normally closed Asco 83206132 24 VDC 200 psig
EV | 258] Air | Material basket actuation normally closed Humphrey 062-4E1-36 120 VAC 125 psig
EV | 270 N2 |EP-205-Ar actuation normally closed Asco 8320G132 (24 VDC) 24 VDC 200 psig
EV | 287 V |EP-236-V actuation normally open Peter Paul 51X00111CD 120 VAC ~atm
FI [ 278] Ar [Luke vapor pump trapped volume relief (PSV-156-Ar) 0-50 scem Dwyer RMA-151-SSV 100 psig
FI_| 279] Ar | Luke vapor pump electronic purge 0-50 scem Dwyer RMA-151-SSV 100 psig
Fl | 280] Ar [Luke ASME relief purge (PSV-210-Ar) 0-50 scem Dwyer RMA-151-SSV 100 psig
FI_| 281] Ar [Molecular sieve trapped volume relief purge (PSV-219-Ar) 0-50 scem Dwyer RMA-151-SSV 100 psig
FI | 282| Ar |O2filterinlet side trapped volume relief (PSV-249-Ar) 0-50 scem Dwyer RMA-151-SSV 100 psig
FI | 283| Ar |O2filter outlet side trapped volume relief (PSV-250-Ar) 0-50 scem Dwyer RMA-151-SSV 100 psig
Fl | 284] Ar |Material lock release argon purge 0-50 scem Dwyer RMA-151-SSV 100 psig
FI_| 312]Ar_|Oxygen monitor inlet flowrate 0-5 SCFH SP is 2 SCFH N2 equiv Dwyer VFA-3 150 psig Delta-F flowmeter looks identical to a Dw
FI | 315] Ar | Airlock argon purge flowmeter 0-10 SCFH Dwyer RMB-50-SSV 100 psig
Flow restricting orifices
[FoT212] Ar [Liquid argon source manifold argon flow restriction 0.122" dia. Fermlab |
Heating elements
HTR[ 8 | HAr [Oxygen filter ion heater 1000W / 240 VAC Omega heating tape by a clamshell
HTR| 21 | Ar [Vapor pressure building heater 250 W /120 VAC Watlow Firerod
HTR| 55 | HAr |Oxygen fiter gas pre-heater 150 W/ 120 VAC Watlow Firerod
HTR| 72 | HAr [Luke vapor pump fitter heater 1500 W / 120 VAC Watlow Firerod
HTR| 75 | Ar |Luke vapor pump cup heater 250 W/ 120 VAC Watlow Firerod
HTR[ 215 Ar | Molecular sieve regeneration heater 1000W / 240 VAC Omega heating tape by a clamshell
Liquid level i
[Cr [ 10 | N2 [Luke LN2 level [ 0-20.5 inches [ American [ Model 286 Controller [ 4-20 mA [ > 35 psig |
[T 13 [ Ar [Luke cryostat LAr level [ 0-39.62 inches [ American [ Model 286 Controller [ 4-20 mA [ > 35 psig |
Manual valves
MV | 80 | N [LN2 dewar pressure gauge isolation SS4BK-VCO 1000 psig
MV | 85 | N_[LN2 dewar vapor line pressure sensing isolation Anderson MM1VS 2-8174-3 6000 psig
MV | 86 | N _|LN2 dewar level gauge Anderson MM1VS 2-8174-3 6000 psig
MV | 87 | N |LN2 dewarliquid line pressure sensing isolation Anderson MM1VS 2-8174-3 6000 psig
MV | 88 | N [LN2 dewar pressure building regulator isolation Nibco 222 600 psig 600 WOG stamped on valve
MV |89 | N_[LN2 dewar pressure building loop isolation Nibco 222 600 psig 600 WOG stamped on valve
MV | 90 | v_[LN2 dewar vacuum pump out Vacoa FO-100 ~atm
MV | 90 | N [LN2 dewar pressure relieving regulator isolation Nibco 222 600 psig 600 WOG stamped on valve
MV | 91 | v_[LN2 dewar vacuum readout isolation Nupro SS-4BK-VCO 1000 psig
MV | 91 | N_[LN2 dewar fill line drain valve Worcester 1/2 C4416P 870 psig
MV | 92 | N _|LN2 dewar fillline isolation Worcester 11/2 C4416P 870 psig
MV | 93 | N _|LN2 dewar vapor vent Nibco 222 600 psig 600 WOG stamped on valve




MV [ 94 [ N [LN2 dewar full trycock Nibco 22?2 600 psig
MV | 95 | N [LN2 dewar pressure building loop bypass Nibco 22?2 600 psig
MV | 96 [ N [LN2 dewar pressure building requlator isolation Nibco 227 600 psig
MV | 97 [ N [LN2 dewar liquid Nibco 227 600 psig
MV | 98 | N [LN2 dewar relief valve selector Anderson SVS-0600T-BSTC 1200 psig
MV | 99 [ N [LN2 dewar vapor vent valve Anderson H5VB 22 > 75 psig
MV [ 100 N [LN2 dewar liquid into PAB isolation Cryolab CV8-086-5WPY?2-ED 150 psig
MV [ 101 N [LN2 dewar vapor vent valve Anderson H5VB 22 > 75 psig
MV | 107 N [LN2 dewar isolation for future gas use Nibco 22?2 600 psig
MV [ 119 [ N [LN2 liquid transfer line branch isolation Cryolab CV8-084-SWTG2 100 psig
MV [ 120 N [LN2 liquid transfer line Luke/Bo branch isolation Cryolab CV8-086-SWPG2 150 psig
MV [ 124] Ar [Arwith O2 source bottle requlator outlet isolation Scientific Gas Products 5939 3000 psig
Mv [ 127] Ar [Arwith O2 source line requlator outlet isolation Nupro B-4HK2 1000 psig
Mv [ 128] Ar [Gas isolation SS-4BK-TW 1000 psig
My [ 131] N2 [N2 source requlator outlet isolation SS-4BK-TW 1000 psig
My [ 132] N2 [C: ion manifold vacuum isolation $S-4BK-VCO 1000 psig
MV | 202] Ar [Filter assembly inlet isolation $S-4BG-V51 1000 psig
MV | 204] Ar [Liquid argon source manifold argon line i 55-8BG-V47 1000 psig
Mv | 208 Ar [Filter assembly outlet isolation $S-4BG-V51 1000 psig
MV | 213 Ar |Liquid argon source manifold isolation 55-8BG-V47 1000 psig
MV [ 217 Ar [Molecular sieve isolation 55-8BG-V47 1000 psig
MV [ 218 Ar [Molecular sieve it $5-8BG-V47 1000 psig
MV | 224] Vv [Transfer line insulating vacuum pump cart roughing pump port isolation Leybold 28153B1 ~ atm
MV [ 227 Vv [insulating vacuum pump cart port isolation 22406 ~ atm
Mv [ 228 Vv [insulating vacuum pump cart port isolation Leybold 28153B1 ~ atm
Mv [ 2291 v [Cryostat pump cart port isolation Unknown model Unknown brand ~ atm
MV [ 237 Vv [Seal monitor pump cart isolation Norcal 3879-01455 ~ atm
Mv | 239 Ar [Liquid argon "dump" before Luke $S-8BG-V47 1000 psig
MV [ 241] Ar [Gas isolation Parker/Verifio 930 series 250 psig
Mv | 242] Ar [Gas isolation 6LV-DLBW4 3500 psig
MV | 244] Ar [Luke cryo isolation valve SS-8BG-V47 1000 psig
Mv [ 246 Ar [Gas isolation 6LV-DLBWA4 3500 psig
MV | 247 Ar [Luke vapor pump filter qas outlet isolation 55-8BG-V47 1000 psig
Mv | 248 Ar [Luke vapor pump filter qas inlet isolation $5-8BG-V47 1000 psig
Mv | 251 Vv ["Airlock" vacuum isolation MDC AV-150 ~ atm
Mv | 252 Ar ["Air lock" argon bottle purge isolation SS-4BG-V51 1000 psig
MV | 253 | Ar |"Airlock cryostat vapor purge isolation SS-4BG-V51 1000 psig
MV | 254] V [Luke materials test station air lock pass thru Norcal GVM-6002-CF > 35 psig
Mv | 265| Ar [Luke manual vapor vent SS-8BG-V47 1000 psig
MV | 266 [ Ar ["Airlock" purge vent isolation SS-4BG-V51 1000 psig
Mv | 261 V [Luke insulating vacuum i SS-4BG-V51 1000 psig
MV | 265| N2 |Bleed up cylinder requlator outlet isolation Parker 272 ~ 1000 psig
Mv | 267 Vv [Transfer line insulating vacuum nitrogen bleed up isolation SS-4BK-VCO 1000 psig
Mv | 268 | Air |Shop air isolation Worcester 1/2" 416N SE 250 psig
MV | 277 | Ar |Argon purge regulator outlet isolation Legris Appears to be a 4812 10 17 2030 psig
Mv | 200 | Ar |Airlock purge inlet isolation SS-4BG-V51 1000 psig
Mv | 291[ Ar |Airlock purge oxygen monitor isolation SS-4BG-V51 1000 psig
Mv | 294 Ar [Oxygen monitor manifold inlet isolation SS-4BG-V51 1000 psig
Mv | 295 Ar |Oxygen monitor vacuum pump isolation SS-4BG-V51 1000 psig
MV | 296 | Ar | Oxygen monitor open port isolation SS-4BG-V51 1000 psig
MV | 300| Ar_|Oxygen monitor metering valve SS-4MG-XX 700 psig
MV | 310| Ar_|Oxygen monitor inlet isolation Nupro SS-DLXX 3500 psig
MV | 316 [ Ar [Argon purge flowmeter manifold inlet isolation 227 227 ~ 1000 psig
Mv [ 360 V [Luke vacuum pumpout isolation valve MDC AV-250 ~ atm
Mv | 365 v [O2 fiter vacuum isolation tap) 55-8BG-V47 1000 psig
Mv | 366 [ Vv [02 fiter vacuum isolation (upstream tap) 5S-8BG-V47 1000 psig
MV [ 370 Ar [Luke drain valve 5S-8BG-V47 1000 psig
MV | 461 [ HAr [One pass fll filter ion isolation 5S-8BG-V47 1000 psig
MV [ 480 [ HAr [One pass fill fiiter ion isolation $5-8BG-V47 1000 psig
Pressure and pressure control valves
PCV[ 70 | N [Fill shut off valve 87 psig (116% MAWP) Messer / Chart MG-97 P 600 psig
PCV[ 121] Ar [Arwith 02 source bottle requlator 30 psig Scientific Gas Products R35D 350 3000 psig
PCV[ 125] Ar [Arwith 02 source line requlator 10 psig (25 psig max outlet) Air Products E11-B-N141A 400 psig
PCV[ 129] N2 [Nitrogen source bottle requlator 30 psig Parker / Verifio 735 series 3500 psig
PCV[ 262| N2 [LAr transfer line insulating vacuum bleed up requlator 10 psig Victor VTS 4508 3000 psig
PCV| 269 | Air |Shop air point of use regulator 100 psig (0-125 psig range) Norgren B12-496-M3LA 250 psig
PCV[ 273] Ar |Argon purge bottle requlator 15 psig Victor VTS 4508 3000 psig
PCV[ 292| Air [Materials basket line pressure requlation 40 psig Humphrey 062-4E1-36 125 psig
PCV[ 207] Ar [Oxygen monitor inlet pressure requlation 5 psig Matheson 9463-4-VAEM 3000 psig
Vacuum pressure elements
PE| 91| Vv |LN2dewarinsulating vacuum 10- 1000 Torr Hastinas qauge tube ~ atm
PE | 225| V |Liquid argon source manifold insulating vacuum 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
PE | 226| V |insulating vacuum pump cart inter stage pressure 10- 1000 Torr Granville-Phillips 275 seriesqaugetube | 0 ~ atm
PE | 230| V_|insulating vacuum pump cart pressure 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
PE | 231| V_|insulating vacuum pump cart pressure 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
PE | 234| V |Transfer line insulating vacuum pressure 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
PE | 235| V_|Oxygen filter insulating vacuum 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
PE | 238| V |Seal monitor pump cart pressure 10- 1000 Torr Granville-Phillips 275 seriesqaugetube | 0 ~ atm
PE | 288| V_|Cryostat pump cart vacuum pressure 10**- 1000 Torr Hastinas qauge tube ~atm
PE | 312| v |Oxygen monitor manifold vacuum pump inlet pressure 10- 1000 Torr Granville-Phillips 275 series qauge tube ~ atm
Pressure gauges
Pl | 12 | Ar |Luke cryostatAr pressure VAC-0-60 psig AMETEK 1635-V-0-60-PSI/IKPA-CBM-FVCR-FR | = - 60 psig
Pl | 44 | N2 [LN2 transfer line pressure 0- 150 psig US Gauge Unknown model 150 psig
PI [ 100 N [LN2 dewar pressure 0- 100 psig US Gauge 150025X 100 psig
Pl [ 122] Ar [Arwith 02 source bottle pressure 0 - 3000 psig Scientific Gas Products Unknown model 3000 psig
Pl [ 123 Ar [Arwith 02 source requlated bottle pressure 30-0-30 psig US Gauge Unknown model 30 psig
P [ 126] Ar [Arwith 02 source requlated line pressure 30-0-30 psig Unknown brand Unknown model 30 psig
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600 WOG stamped on valve
600 WOG stamped on valve
600 WOG stamped on valve
600 WOG stamped on valve
Valves were in service on dewar previous

Valves were in service on dewar previous
600 WOG stamped on valve

Not installed yet
Not installed yet

See material stress section
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Terry Tope - 5.31.07
13-3/3

CVI-220-V protects the dewar

CVI-220-V protects the dewar

PSV-344-V protects the dewar

Pl 0[ N2 [N2 source bottle pressure 0 - 3000 psig Wika Unknown model 3000 psig
Pl 3| N2 |LN2 vent back pressure 30-0 - 30 psig US qauge Unknown model 30 psia
Pi 4| N2 [N2 requlated pressure 0- 60 psig Wika Unknown model 60 psig
Pl 3| Air [Materials basket line pressure requlator outlet 0 - 200 psig 222 227 200 psig
Pl | 243] Ar [Gas sample bottle isolation VAC-0-150 psig AMETEK 160552 150 psig
Pl | 263| N2 |Bleed up cylinder bottle pressure 0 - 4000 psig US Gauge BU-2581-AQ 4000 psig
Pl | 264] N2 |Bleed up cylinder requlated pressure 0- 60 psig US Gauge CU-2581-HY 60 psig
PI_| 272| Air |Shop air requlated pressure 0- 160 psig Unknown brand Unknown model 160 psig
PI | 274] Ar |Argon purge cylinder pressure 0 - 4000 psig US Gauge BU-2581-AQ 4000 psig
Pl | 275| Ar |Argon purge cylinder requlated pressure 0 - 60 psig US Gauge CU-2581-HY 60 psig
PI | 298| Ar |Oxygen monitor line pressure requlator inlet pressure 0 - 3000 psig Matheson 63 - 2233V 3000 psig
P | 299] Ar [Oxygen monitor line pressure requlator outlet pressure 30-0-60 psig Matheson 63 - 2206V 60 psig

Pressure relief valves
PSV[ 101 N2 [LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 117 | N2 [LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 118 | N2 [LN2 transfer line trapped volume relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 136 Ar [C ion gas supply line relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 137] N2 [Bleed up gas supply line relief 100 psig Circle Seal 5100-2MP 2400 psig
PSV| 156 | Ar [Luke vapor pump trapped volume relief 45 psig Circle Seal 5100-4MP 2400 psig
PSV| 203 Ar [Liquid argon source manifold trapped volume relief 400 Circle Seal 5100-4MP 2400 psig
PSV[ 210 Ar [Luke LAr volume pressure relief 35 psig Anderson 83SF1216F 2000 psig
PSV[ 211 Ar [Pbar molecular sieve filter dewar inner vessel relief 35 psig Circle Seal 5100-8MP 2400 psig
PSV[ 219 Ar [Molecular sieve trapped volume relief 400 Circle Seal 5100-2MP 2400 psig
PSV| 249 Ar [LAr transfer line trapped volume relief 400 psig Circle Seal 5100-2MP 2400 psig
PSV| 250 Ar [LAr transfer line trapped volume relief 400 psig Circle Seal 5100-2MP 2400 psig
PSV| 276 Ar [Argon purge pressure relief 30 psig Circle Seal 5200-2MP 2400 psig
PSV| 313[ Ar [Materials lock pressure relief for bellows protection ~6 psig Circle Seal 500-8MP 2400 psig
PSV] 344[ vV [LAr transfer line vacuum relief ~3 psig Fermilab 4inchparallelplaterelief | . |
Pressure
PT[ 1 | N2 [Luke LN2 back pressure. 0-50 psig Setra 4-20 mA 150 psig
PT| 11| Ar |LukeArvapor pressure 0-50 psia Setra GCT-225 (2251-050P-A-D4-11-B1) 4-20 mA 75 psig
PT| 15| V |LArtransfer line insulating vacuum 10"*- 1Torr linear & 10**- 1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~ atm
PT| 19| V |LukeArgon volume rough vacuum 10*- 760 Torr Varian (Controller Part# L8350301) ConvecTorr qaude board (Part# L9887301) 0-7VDC. 1V per decade log-linear ~ atm
PT [ 27 | N2 [Nitrogen transfer line pressure 0-100 psig Setra 205-; ¥ 100 psig
PT| 33| V [LukeArgon volume high vacuum 10" Torr to 10° Torr Varian (Controller Part# L8350301) UHV Bavard-Alpert qauge board (Part# L8321301) 0-10 VDC. 1 V per decade log-linear ~ atm
PT [ 51| N [LN2 dewar pressure 0-100 psig Setra 205-; X ~ atm
PT | 68 | V |lLuke dewar insulating vacuum 10" 1Torr linear & 10°*- 1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT| 69 | V |Lukeseal at vacuum pump 10" 1Torr linear & 10°*- 1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~atm
PT | 180| V |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 |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 |Materials lock rough vacuum 10*- 760 Torr Varian (Controller Part# L8350301) ConvecTorr aaude board (Part# L9887301) 0-7VDC. 1V per decade log-linear ~ atm
PT [ 186] V [Materials lock high vacuum 10" Torr to 10° Torr Varian (Controller Part# L8350301) UHV Bavard-Alpert qauge board (Part# L8321301) 0-10 VDC. 1 V per decade log-linear ~ atm
PT | 154| V |Pbar oxygen filtering dewar filter insulating vacuum 10*-1Torr linear & 10*-1000 Torr non-linear Granville-Phillips 275857-EU 0-10 VDC ~ atm
Rupture disks
RD[ 99 [ N [LN2 dewar rupture disk 105 psig Fike CPU BT > 105 psig
RD [ 100] N [LN2 dewar rupture disk 105 psig Fike CPU BT > 105 psig
RD [ 209] Ar [Pbar molecular sieve filter dewar inner vessel relief 40 psig Fike CPV BT (1inch) 275 psig
RD [ 301| V [Pbar oxygen filtering dewar filter insulating volume pressure relief 40 psig Fike CPV BT (1inch) 275 psig
RD [ 302] Vv [Luke cryostat LAr volume pressure relief 55 psig BS8B JRS > 55 psig
Pressure
[CRv [ 36 [ N [LN2 dewar pressure building requlator 30 psig Cash Acme B [ 400 psig |
"RV 90 [ N [LN2 dewar pressure relieving requlator 35 psig Cash Acme FR [ 400 psig |
Strainers
[Cs T 91 T N [LN2 dewarfill line strainer Mueller 1715Class300 [ [ 500 psia @ 150 °F |
Relief valves
Sv [ 90 [ N [LN2 dewarfil line trapped volume relief 200 psig Circle Seal 5120B4MP-200 [ 2400 psig
sv | 90 [ v |LN2 dewar vacuum jacket relief ~ 0 psig, no spring Circle Seal Parallel Plate - 3.5" ~ atm
Sv | 96 [ N [LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 2400 psig
sv | 97 [ N |LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 2400 psig
Sv | 98 [ N [LN2 dewar pressure building loop trapped volume relief 80 psig Circle Seal 5159B-4MP-80 2400 psig
sv | 99 [ N [LN2 dewar relief valve 75 psig Anderson 81512166 > 75 psig
sv [ 100[ N [LN2 dewar relief valve 75 psig Anderson 81s12166 | > 75 psig
elements
TE [ 6 [ N2 [LN2 transfer line cool down (control) 70-400K Omeaa Platinum RTD (PR-19-2-100-1/8-6-E)
TE [ 7 | Ar [O2filter internal (hard wired interlock) -200 t0 1300 C Omeaa Type K
TE [ 23 | Ar [HTR-21-Arinternal (read out) -200 t0 1300 C Watlow Type K
TE | 24 | Ar [HTR-21-Arinternal (hard wired interlock) -200 t0 1300 C Watlow
TE | 54 | Ar [O2filter internal (read out) 70-400K Minco 100 ohm platinum RTD (Part # S201PD)
TE | 56 | Ar [O2fiter qas pre-heater (control) -200 t0 1300 C Omega Type K
TE | 57 | Ar [O2fiter qas pre-heater (hard wired interlock) -200 to 1300 C Omega Type K
TE | 73 | HAr [Luke Vapor pump filter heater (control) -200 t0 1300 C Omega Type K
TE | 74 | HAr [Luke Vapor pump filter heater (hard wired interlock) -200 to 1300 C Omega Type K
TE | 76 | Ar [Luke Vapor pump "cup" heater (control) -200 to 1300 C Omeaa Type K
TE [ 77 | Ar [Luke Vapor pump "cup" heater (hard wired interlock) -200 to 1300 C Omeaa Type K
TE [ 214] Ar [Molecular sieve regeneration (hard wired interlock) -200 t0 1300 C Omega Type K
TE [ 216 Ar |Molecular sieve regeneration (controls) -200 t0 1300 C Omeda Type K
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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). The controller will have a loop that controls
the flow of liquid nitrogen into the condenser based upon the desired pressure in
the cryostat. The PLC will also contain 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.

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 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.

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, and FI-284-Ar
should be set to 20 sccm. FI-315-Ar should be closed unless the material lock is being
purged.

The cryostat must be evacuated. 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, and EP-205-Ar must all be
closed. EP-308-Ar should be open.

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.

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.

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.

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.

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.
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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, 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, 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.

Close MV-239-Ar.

Very slowly open MV-244-Ar and bring the cryostat to positive pressure as indicated by
Pl-12-Ar.

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

Liquid level will be indicated by LT-13-Ar. Fill the cryostat to the desired level, but not
beyond 35 inches or 87%.

Close MV-244-Ar.
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.

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.

Turn on emptying control loop at computer which will turn off condenser. Open MV-370-
Ar. Computer will use heater to maintain cryostat pressure at 15 psig to force liquid from
cryostat.

Heater will turn off when it is no longer submerged in liquid. When heater is off, close
MV-370-Ar to prevent contamination of cryostat.

Last bit of liquid at cryostat bottom below heater 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. MV-360-V, MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-
248-Ar, MV-253-Ar, MV-254-V, and MV-255-Ar should all be closed under normal
operating conditions.

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.
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Place sample into air lock basket and install 8 inch conflat flange to close the air lock.
The air lock must be purged with argon gas to remove the air 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.
F1-315-Ar should be adjusted to 8 SCFH.

MV-310-Ar should be opened and MV-300-Ar adjusted until FI-312-Ar indicates 2 SCFH.
Purge should continue until AE-311-Ar indicates an oxygen concentration below 1 ppm.

When purge has achieved desired oxygen level, close MV-290-Ar and MV-310-Ar.

Put computer into air lock open mode. This will lower the cryostat pressure to 1 psig.
Allow the cryostat to reach a stable operating condition at this low pressure.

Open MV-254-V. Allow the cryostat to purge the airlock with boil off gas for 2 minutes.
Entered desired material depth for cryostat insertion into the computer. Computer will
then slowly lower basket and material into cryostat. Computer will pause if pressure
increases above 4 psig. Vapor generated by the warm material will continuously vent
thru MV-256-AR.

Once desired depth is reached, computer will drop the basket and retreat.

Once the material basket has retreated above the vacuum gate valve as indicated by the
computer, close MV-254-V and tell computer to resume normal cryostat pressure control.

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.

1.

Cryostat should be in a stable operating condition prior to material removal. MV-360-V,
MV-244-Ar, MV-370-Ar, MV-241-Ar, MV-247-Ar, MV-248-Ar, MV-253-Ar, MV-254-V, and
MV-255-Ar should all be closed under normal operating conditions.

The air lock must be purged with argon gas if it is wished for cyrostat purity to be
maintained. 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.

F1-315-Ar should be adjusted to 8 SCFH.

MV-310-Ar should be opened and MV-300-Ar adjusted until FI-312-Ar indicates 2 SCFH.
Purge should continue until AE-311-Ar indicates an oxygen concentration below 1 ppm.

When purge has achieved desired oxygen level, close MV-290-Ar and MV-310-Ar.
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7. Put computer into air lock open mode. This will lower the cryostat pressure to 1 psig.
Allow the cryostat to reach a stable operating condition at this low pressure.

8. Open MV-254-V. Allow the cryostat to purge the airlock with boil off gas for 2 minutes.

9. Tell computer to return material test basket to home position.

10. Once material basket has retreated above the vacuum gate valve (as indicated by
computer graphic), close MV-254-V and tell computer to resume normal cryostat
pressure control.

11. 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. 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.
2. Open the blow-down valve, MV-93-N, to maintain the dewar pressure at 30 psig.
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
65 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.
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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.

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.

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.

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
port. A new copper gasket should be used with the flare fitting each time the connection
is made up.

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

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

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.

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.



Terry Tope - 5.30.07
2.1a-f-7/8

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

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

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.

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

2.

MV-213-Ar, MV-218-Ar, and MV-217-Ar should be closed.

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.

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

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

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

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.

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

Close MV-218-Ar. Disconnect the vacuum pump.
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2.1j — Procedure for O2 Filter Regeneration

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

1.

2.

10.

MV-217-Ar, MV-239-Ar, MV-244-Ar, MV-365-V, and MV-366-V must be closed.

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.

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.

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.

From the regeneration station, supply a 5 SCFH flow of argon gas.

In iFix, turn on the oxygen filter regeneration heaters HTR-8-Ar and HTR-55-Ar. Make
the set point for both heaters 270 °C.

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.

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

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

Close MV-461-HAr first and then close MV-480-HAr to isolate the filter with a positive
internal pressure.
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2.2 - Startup Check List for Filling the Material Test Station

1.

Ensure the liquid nitrogen dewar has at least 5 inches of liquid in it as indicated by DPI-
100-N. If not, request a fill from Air Products.

Check that the LN2 dewar vapor pressure is around 30 psig as indicated by PI-100-N and
PT-51-N. If not, adjust RV-036-N or RV-090-N as needed.

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

Check that the argon purge cylinder has at least 250 psig left. If not, connect a new
cylinder of argon gas.

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

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

Check the log book to see if the molecular sieve and oxygen filter require regeneration. If
so, regenerate per 2.1i and 2.1j.



3.1 -FMEA

Type Tag Tag Service

Analyzing elements

Failure or Error Mode

Hazard or Effect

Hazard Class

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
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
CV | 90 N |LN2 dewar fill line check valve Fails closed LN2 dewar cannot be filled Marginal probability that a stuck check valve would apen. PC.VJO'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
. . . . Low probability of a check valve failing shut. Pressure in a trapped volume
CV | 150 | Ar |LArventline Fails closed Potential trapped volume Marginal 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 a
CV | 100| N |LN2 dewar liquid use line Fails closed Potential trapped volume Marginal small diameter hole thru the center of the teflon plug that would relieve a
trapped volume.
CV | 257 | Ar |"Airlock" vent line backflow prevention Fails open Potential contamination Safe gg:rauonal 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
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
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 ve§se| mUSt. fail which is e)_(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 stav 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
CVI| 220 | V |Pbar molecular sieve dewar inner vessel pumpout/relief Fails closed Insulating vacuum isolated Safe ﬁsz:a;:gzafgﬁ;oblem, can't improve vacuum, no insulating vacuum relief if
(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 steel
CVI| 285| V |LN2 transfer line vacuum pumpout/relief dewar side Fails closed Insulating vacuum isolated Marginal inner piping failing. There s also a low .probabnn.y 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
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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
DPT| 153 | Ar |Luke Vapor Pump filter shield liquid level Incorrect reading Possible poor pump performance Safe Operational problem
Pneumatic valves
EP | 78 Ar | Luke Vapor pump filter insulation equalization Fails open Filter can't be isolated from cryostat Safe Operational problem - filter regeneration not possible
EP | 78 Ar | Luke Vapor pump filter insulation equalization Fails closed Liquid can't be forced from insulating space Safe Operational problem - poor filtration
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 ggse;uonal 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 | V |Molecular sieve insulating vacuum isolation Fails closed Insulating vacuum isolated Safe Operational problem - can't improve vacuum
EP | 236 | V |Cryostat pump cart inter-stage isolation (turbo protection) Fails open Turbo not protected Safe Operational problem - turbo vacuum pump could be damaged
EP | 236 | V |Cryostat pump cart inter-stage isolation (turbo protection) Fails closed Turbo isolated from rougher Safe Operational problem - cryostat cannot be effectively evacuated
EP | 307 | Ar |Luke vapor pump equalization valve Fails open Liquid cannot be forced from filter Safe Operational problem - poor filtration
EP | 307 | Ar |Luke vapor pump equalization valve Fails closed Liquid won't flow into filter Safe Operational problem - poor filtration
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 |LAr transfer 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
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 | 152 | Air |EP-307-Ar actuation Fails open Liquid cannot be forced from filter Safe Operational problem - poor filtration
EV | 152 | Air |EP-307-Ar actuation Fails closed Liquid won't flow into filter Safe Operational problem - poor filtration
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 | 240 | He |Luke vapor pump cold valve actuation (EP-308-Ar) Fails open (GHe) LAr cannot enter filter Safe Operational problem - poor filtration
EV | 240 | He |Luke vapor pump cold valve actuation (EP-308-Ar) Fails closed (Vac) Filter cannot be regenerated Safe Operational problem - poor filtration
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 ggse;uonal 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
Flowmeters
FI | 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
FI | 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
FI | 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
FI | 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
FI | 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
FI | 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
FI | 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
FI | 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
FI | 282 | Ar | Q2 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
FI | 282 | Ar | Q2 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
FI | 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
FI | 283 | Ar | Q2 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
FI | 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
FI | 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
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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
Flow restricting orifices
‘ FO ‘ 212 ‘ Ar ‘Liquid argon source manifold argon flow restriction It is not reasonable for a 0.122 in. dia orifice to plug up
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 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
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 F’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 F’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
Liquid level transmitters
‘ LT ‘ 10 ‘ N2 ‘Luke condenser LN2 level ‘ Incorrect reading ‘ GAr condenser control difficult Safe ‘Operauonal 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
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 2perauonal 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 Safe
MV | 86 N |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 N |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 N |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
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 dewarfill line isolation Fails closed LN2 dewar cannot be filled Safe Operational probiem - upsiream 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
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SV-100-N or SV-99-N will safely vent excess vapor, closing MV-89-N stops

MV | 95 N |LN2 dewar pressure building loop bypass Fails open Excess vapor generation Safe .
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 Operational problem - closing MV-88-N or MV-89-N stops vapor generation

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

MV | 97 N |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 _Valve is open o 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 N |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| N |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 | N |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

MV | 132| N2 |Contamination manifold vacuum isolation Fails open Can't isolate vacuum pump Safe Operational problem - contamination gas will be vented thru vacuum pump

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 Valv_e cannot_be accessed from OUt.Slde t_he 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 analysws \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 if 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 O_perauonal prgblem_ - contamlnatlon_ may be infroduced 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 analysws \r?d\cates this s 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 ?:Izrauonal 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 ?:Izrauonal problem - possible turbo pump damage if opened at wrang

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 ?:Izrauonal 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 ?:Izrauonal 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 | V |Seal monitor pump cart isolation Fails open Can't isolate vacuum pump Safe Operational problem

MV | 237 | V |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
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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 ﬁfjl;ﬁtgnal problem - purity difficult to obtain without dumping initial 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
MV | 247 | Ar |Luke vapor pump filter regeneration gas outlet isolation Fails open Filter is not isolated Safe COopnet;a;]\%EiIO[:‘roblem - 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 ?op:traarﬂalf:ilo[;roblem - 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 V' ["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 | 252 | Ar |"Air lock" argon bottle purge isolation Fails open Air lock is constantly purged Safe Operational problem
MV | 252 | 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 | 253 | Ar |"Air lock" cryostat vapor purge isolation Fails open Air lock is constantly purged Safe Operational problem
MV | 253 | Ar |"Air lock" cryostat vapor purge isolation Fails closed Air lock can't be purged with boil-off gas Safe Operational problem
MV | 254 | V |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 | 255| Ar |Luke manual vapor vent Fails open Cryostat blows down Safe Operational problem
MV | 255| 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 V  [Luke insulating vacuum isolation/pumpout Fails open Cryostat could loose insulating vacuum Safe Operational problem - PSV-210-Ar can handle boil-off
MV | 261 V  [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 | 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 | 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 Operau_ona_l problem - cryostat must be evacuated to remove air
contamination
MV | 365| V |02 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 Operational problem - may not be able to effectively remove contamination
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 Operational problem - may not be able to effectively remove contamination
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 | 461 | HAr |O2 filter regeneration isolation (exhaust) Fails open Safe
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 Safe
MV | 480 | HAr |O2 filter regeneration isolation (inlet) Fails closed Can't regenerate filter Safe Operational problem
Pressure r and control valves
LN2 dewar could be over pressurized during a fill if dewar relief valves are
" . . . over powered by the tanker truck centrifugal pump. There is a very low
PCV| 70 N |Fill shut off valve Fails open LN2 dewar not protected from overfill Marginal probability of PCV-70-N failing to protect the dewar. It is a high quality
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
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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
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 Sr‘(’)?)l\'ztr‘:nal problem - fime could be spent investigating a non-existent
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 Sr‘(’)?)l\'ztr‘: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 Sr‘(’)?)l\'ztr‘:nal problem - time could be spent investigating a non-existent
PE | 230| V |lInsulating 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 Sr‘(’)?)l\'ztr‘: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 Sr‘(’)?)l\'ztr‘: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 Sr‘(’)?)l\'ztr‘:nal problem - fime could be spent investigating a non-existent
PE | 235| V |Oxygen filter insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe Opel_'auonal problem - larger liquid IO.SS during LAr transfer, PT-15-V
provides another measurement of this vacuum
PE | 235| V |Oxygen filter insulating vacuum Incorrect reading - high Vacuum better than indicated Safe Sr‘(’)?)l\'ztr‘: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 Opel_'auonal problem - poor vacuum can lead to contamination, PT-69-V
provides another measurement of this vacuum
" o ki - Operational problem - time could be spent investigating a non-existent
PE | 238 | V |[Seal monitor pump cart pressure Incorrect reading - high Vacuum better than indicated Safe problem PT-69-V provides another measurement of this vacuum
PE | 288 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 Sr‘(’)?)l\'ztr‘:nal problem - time could be spent investigating a non-existent
Pressure i gauges
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
T Operational problem - could make it difficult for tanker truck driver to match
P11 100 N |LN2 dewar pressure Incorrect reading -low No hazard Safe dewar pressure during fill, PT-51-N provides redundant instrumentation
ok Operational problem - could make it difficult for tanker truck driver to match
P11 100 N |LN2 dewar pressure Incorrect reading - high No hazard Safe dewar pressure during fill, PT-51-N provides redundant instrumentation
Pl | 122| Ar |Arwith O2 contamination source bottle pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 122| Ar |Arwith O2 contamination source bottle pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 123 | Ar |Arwith O2 contamination source regulated bottle pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 123 | Ar |Arwith O2 contamination source regulated bottle pressure Incorrect reading - high No hazard Safe Operational problem
Pl | 126 | Ar |Arwith O2 contamination source regulated line pressure Incorrect reading -low No hazard Safe Operational problem
Pl | 126 | Ar |Arwith 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 | 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
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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

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.
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?HOWS in Fe."“"ab des'gFed and fabricaled "cold" valve EP-308-Ar will
fail and vent filter volume into crvostat.
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 psiq which is 1.5x MAWP
PSV| 211 | Ar |Pbar molecular sieve filter dewar inner vessel relief Fails open Spoils molecular sieve insulating vacuum Safe Irzgree:esrzctjkl)zsses during LAr fransfer 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 O_p_erauonal problem - poor LAr transfer, contamination infroduction 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 O_p_erauonal problem - poor LAr transfer, contamination infroduction 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 O_p_erauonal problem - poor LAr transfer, contamination infroduction 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 Opera!_\oljal_problem . Poss_lble_o—rlng 02 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 trapp_ed volume ex_ceeded the_ relief valve se? point, the
probability of a stuck relief valve opening would increase. Also its very
difficult for liquid to reach this space.
PSV| 344 | 313 |LAr transfer 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 |LAr transfer 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.

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 | 11 Ar | Luke Ar vapor pressure Incorrect reading -low Luke vapor pressure hard to control Safe Operational problem - PI-12-Ar provides redundant instrumentation
PT | 11 Ar | Luke Ar vapor pressure Incorrect reading - high Luke vapor pressure hard to control Safe Operational problem - PI-12-Ar provides redundant instrumentation




Operational problem - increased LAr losses, PE-235-V provides redundant

PT | 15 V' |LAr transfer line insulating vacuum Incorrect reading -low Insulating vacuum worse than indicated Safe N ;
instrumentation
PT | 15 V  |LAr transfer line insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe Operational problem - fime could be spent invesfigating a non-existent
problem, PE-235-V provides redundant instrumentation
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 Ope_rauonal problem - 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 N |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 Sr‘(’)?)l\'ztr‘:nal problem - fime 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 SOe;;elgauonal problem - poor vacuum can lead to 02 diffusion thru o-ring
PT | 69 V | Luke seal monitoring at vacuum pump Incorrect reading - high Insulating vacuum better than indicated Safe Sr‘(’)?)l\'ztr‘: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 S&?;Z'Lzzzlnirg:ils: - high LAr losses during transfer and high heat loads
PT | 180 | V |P-bar mole sieve filter dewar - filter insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe Sr‘(’)?)l\'ztr‘: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 S&?;Z'Lzzzlnirg:ils: - high LAr losses during transfer and high heat loads
PT | 181| V |P-bar mole sieve filter dewar - dewar insulating vacuum Incorrect reading - high Insulating vacuum better than indicated Safe Sr‘(’)?)l\'ztr‘:nal problem - time could be spent investigating a non-existent
PT | 185| V |Materials lock rough vacuum Incorrect reading -low lon gauge PT-33-V could be damaged Safe Operational problem
PT | 185| V |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 ggs;auonal problem - if not properly evacuated, contamination may be an
PT | 186 | V |Materials lock high vacuum Incorrect reading - high Vacuum better than indicated Safe Sr‘(’)?)l\'ztr‘:nal problem - fime 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 Sr‘(’)?)l\'ztr‘:nal problem - time could be spent investigating a non-existent
PT | 1564 | V |Pbar oxygen filtering dewar filter insulating vacuum Incorrect reading - high Insulating vacuum worse than indicated Safe Op_erauonal prob_lem - high LAr losses during transfer and high heat loads
during regeneration
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 Irzgree:esrzctjkl)zsses 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 Irzgree:esrzctjkl)zsses during LAr fransfer 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
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 ‘LNZ dewar fill line strainer ‘ Plugged up LN2 dewar can't be filled Safe ‘Operauonal problem
‘ S ‘ 91 ‘ N ‘LNZ dewar fill line strainer ‘ Does not filter Debris from outside pass thru fill line Safe ‘Operauonal 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 V  |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
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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 |02 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 gng;?eﬁ';:ﬁ]:?e”OCk 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 :LlFr:I{SC controls fails, heater could overheat and damage silver soldered

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

TE | 54 | Ar |O2filter internal temperature (control) Incorrect reading -low Filter regeneration temperature too high Safe :;I;taerg;lred interlock also fails, heater could overheat and damage filter

TE | 54 Ar | O2 filter internal temperature (control) Incorrect reading - high Filter regeneration temperature too low Safe Operational problem - poorly regenerated filter could result

TE | 56 Ar | O2 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 | O2 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 | O2 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 S;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 :;I;taerg;lred 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 gng;?:(;rie()?,:gerIOCk 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 :LlFr: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 | 214 | Ar |Molecular sieve regeneration 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 | 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 :;I;taerg;lred 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
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Component FLARE Material Test Station

Location PAB
Date 3/14/07
By Terry Tope

WHAT-IF

CONSEQUENCE/HAZARD

CONCLUSION/RECOMMENDATIONS

Loss of liquid nitrogen

Loss of insulating vacuum

Loss of instrumentation
Power outage occurs at PAB

Leaking stem packing on a cryo valve
Transfer line inner lines rupture, weld
cracks, or silver solder joint breaks
Weld cracks, bellows break on the
vacuum circuit.

Liquid nitrogen dewar is pressurized to
MAWP and all valves that would
normally keep the transfer line
connected to a vent are closed.

PLC failure

A fire in PAB

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

System frosts over. Higher heat load to N2
and Ar circuits. Potential for relief valves to
open.

Control loops malfunction. Will cause
system instability.

Liquid nitrogen stops flowing and argon boil
off begins to vent.

Gas will vent into room.

Loss of insulating vacuum and
pressurization of the vacuum space.

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

No consequence.

Pressure control and heater control lost.

Fire detectors go into alarm. Fire
Department dispatched.

Safe condition. Operational impact only.

Safe condition. System is protected with relief
valves. Operational impact due to loss of closed
Ar system.

Safe condition. Operational impact.

Safe condition. Operational impact.

Safe condition (see ODH analysis).

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

Safe condition. System is protected with relief
valves.

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 impact.

Possible equipment damage. Pressure vessels
protected by relief valves (see pressure vessel
engineering notes).




Terry Tope 5.31.07
3.5a1-1/15

3.5a1 - ODH Analysis of the Proton Assembly Building for the FLARE
Materials Test Station

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.

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
are used to fill a 250 liter cryostat (“Luke”) that contains the materials test station.
Typically four dewars would not be required to fill the 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.
The four 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:

fr 50.41b ft’

X = x =174307 f+* where 50.4 Ib/ft’ is the density
7481gal - fi* ~ 0.072471b

1875gal x

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

1 871 S

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

=19015f¢.

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

3 3
250liters x fi — X 87l3b X fi
28.32liters  ft— 0.10341b

= 7428 ft.

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

138425 f’ —19015 ft’

air argon

=119410ft

air

119410 /) x0.21=25076 f’

air oxygen

25076 [t} pen
W x 100 = 18.1%”},“".

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

138425 ft.,, - (19015

air argon

+ 7428 ft

argon

)=111982 1,

air

111982 ), x0.21=23516ft.

oxygen

23516 ft), pen
W x 100 = 17.0%%},“" .

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



Terry Tope 5.31.07
3.5a1-3/15

3
190156 _ g0
100 ft x 49 ft

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

19015 fi* + 7428 fi*
100 f x 49 ft

54ft.

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
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

w =1891d21/@
K

where

W= rate of liquid nitrogen flow in pounds per hour.
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internal diameter of pipe, = 0.5 -2 x 0.035 = 0.43 inches.
differential pressure, 93.9 psi.
density of liquid nitrogen saturated at 93.9 psig, 43.19 Ib/ft.

resistance coefficient, sum of Kpipe + Keibow + Kuawe + Kexit

resistance of straight pipe outside PAB, K . = f% where

pipe

friction factor determined from pipe size and Reynolds number, =
0.029 (page A-25 of Crane 410)

length of pipe outside PAB, 227 inches.

internal diameter of pipe, 0.43 inches.

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.

resistance of a sharp edged pipe exit for the severed pipe, = 1.0

resistance of the Cryolab isolation valve at the dewar exit,

8944"
——>— Where

v

valve —

flow coefficient for valve, C, = 12 for Cryolab valve

Reynolds number, ratio of inertial and viscous forces

R, = 6.31E where
du

absolute viscosity of LN2 saturated at 93.9 psig, = 0.088 centipoise

The above equations yield

K =0.029——+2x30x0.029 +
0.43

894(0.43)"

22

+1.0=18.26
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4889

R =631——>" _ _815264
(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 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
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
1129 St hr 60 d

X - — of warm atmospheric N2 gas.
hr 0.072471b 60min min

The factor C was found from the plot on page A-20 using
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R = 6.31L =647635 and g = 4 = 0.125 =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

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 03371 T _ 16437 \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.
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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 5 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

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,

KAP = 354 =4.325.

/ 356\/28 02
530

The argon mass flow rate is then

W = (356)(4.325)#% =422. Si—b which converts to
r

3 3
405l S hr _egqdt

X . Thus the maximum rate at which the
hr 0.1034lp 60min min
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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 89L 1" 63376 Ji 825"

x — X = —. 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.

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.
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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

3 3
1437& X Ji X hr‘ =232 ﬁ, . This value was used as the leak rate for all
hr 0.1034[b 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,
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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:

C.(1) = 0.21{1 _ g[l _ e(TQ)

} = 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.

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
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opening. Thus the probability of a ventilation failure is 1 x 10* +2 x 3 x 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 10 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 1.01 x 10 which is less than 107 such
that with ventilation running the PAB high bay enclosure is ODH class zero.

Table 2 finds the ODH fatality rate to be 4.24 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=( il 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 .
2,000 N, x 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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Vv, = specific volume of fluid, 2.774 ft*/Ib for saturated argon vapor, 9.673
ft¥/lb for argon gas at STP, 3.465 ft*/Ib for saturated nitrogen vapor,
and 13.8 ft°/Ib for nitrogen gas at STP.

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

K = tOtal reSIStanCG COfoICIent, sSum Of Ke[bow, Ken[arge1, Ken[argeZ, Kstraight’
Kentrance, and Kexit-

Keibow = 30 x fr where fr is the friction factor in the zone of complete

turbulence, 0.0132 for the ~16 inch equivalent duct diameter.

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

Keniarge2 = resistance of enlargement from 13 x 20 duct to 20 x 20 inch duct, 1.0
to be conservative.

Kstraignt = resistance to flow thru straight pipe, Ksiaignt = f X L / d where f is 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.

Kentrance = resistance due to entrance into duct, 0.78.

Kexit = resistance due to exit from duct, 1.0.
Re = Reynolds number, Re = 6.31dK (ratio of inertial to viscous forces).
u
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
=73 X X - X ) X - .
Vi ft 1 12in 144 in 1 psi

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

1 b 180in ft 1/t 27.6799 in. H20
X X X

——X ' — . =1.039 in. H20.
2,774 ft 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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Figure 3.5a.1: PAB — Flare ODH Hardware Layout.
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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 % fatality/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
PI-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
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 18.1 5.32E-08 5.32E-17
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 18.1 5.32E-08 5.32E-16
MV-204-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 [33 x 5064 TBL ] 1.74E-05 0.9993 1825 2000 18.1 5.32E-08 9.26E-13
MV-204-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-213-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-218-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 |33 x 5064 TBL ] 1.74E-05 0.9993 1825 2000 18.1 5.32E-08 9.26E-13
MV-218-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
PSV-219-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-217-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-365-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-366-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-365-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 |33 x 5064 TBL ] 1.74E-05 0.9993 1825 2000 18.1 5.32E-08 9.26E-13
MV-366-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 [33 x 5064 TBL ] 1.74E-05 0.9993 1825 2000 18.1 5.32E-08 9.26E-13
MV-480-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-461-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
PSV-250-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
PSV-249-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-202-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-208-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-239-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-244-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
MV-370-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 0.9993 433 2000 18.1 5.32E-08 5.32E-16
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 ] 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
PI-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 ] 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 ] 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
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 Max flow thru 25% pipe diameter Leak/rupture 100 3.00E-09 NRC 3.00E-07 0.9993 433 2000 17.0 3.66E-07 1.10E-13
Flanges Max flow thru 25% pipe diameter Leak/rupture 20 3.00E-07 NRC 6.00E-06 0.9993 433 2000 17.0 3.66E-07 2.19E-12
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
SUM 1.89E-04
* Denotes that the minimum O2 concentration is equal to the amount of cryogens present because the leak rate creates a minimum O2 concentration that exceeds the amount of cryogens present. SUM 1.01E-09
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Table 3.5a.2: PAB ODH Risk Analysis with NO ventilation running.

Pi Group Fan Availability R Q 02 Fi b==PiFi
Fail Rate Source of Fail Rate (Pi x #) Rate 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 % fatality/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 7.00E-04 1198 0 0 1.00E+00 7.00E-13
Condensor Treat as dewar, 25% pipe diameter Leak/rupture 1 1.00E-06 FNAL 1.00E-06 7.00E-04 260 0 0 1.00E+00 7.00E-10
EV-104-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
EV-105-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
EV-106-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
LT-10-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
MV-119-N Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
MV-120-N Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
PI-44-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
PI-133-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
PT-1-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
PT-27-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
PSV-101-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
TE-6-N2 Treat as flange, max flow thru 25% pipe diameter Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 260 0 0 1.00E+00 2.10E-10
SV-117-N2 Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 260 0 0 1.00E+00 7.00E-12
Welds Max flow thru 25% pipe diameter Leak/rupture 50 3.00E-09 NRC 1.50E-07 7.00E-04 260 0 0 1.00E+00 1.05E-10
Flanges Max flow thru 25% pipe diameter Leak/rupture 10 3.00E-07 NRC 3.00E-06 7.00E-04 260 0 0 1.00E+00 2.10E-09
LN2 vent piping Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-09 NRC 1.00E-09 7.00E-04 260 0 0 1.00E+00 7.00E-13
Argon Circuit
LAr supply piping < 3" diameter, max flow into PAB Rupture - severed line 1 1.00E-09 NRC 1.00E-09 7.00E-04 6572 0 18.1 5.32E-08 5.32E-17
LAr supply dewar reliefs Max flow thru relief valve Premature open 4 1.00E-05 NRC 4.00E-05 7.00E-04 68.1 0 18.1 5.32E-08 2.13E-12
PSV-203-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-204-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 [33 x 5064 TBL ] 1.74E-05 7.00E-04 1825 0 18.1 5.32E-08 9.26E-13
MV-204-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-213-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-218-Ar Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 |33 x 5064 TBL ] 1.74E-05 7.00E-04 1825 0 18.1 5.32E-08 9.26E-13
MV-218-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
PSV-219-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-217-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-365-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-366-V Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-365-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 |33 x 5064 TBL ] 1.74E-05 7.00E-04 1825 0 18.1 5.32E-08 9.26E-13
MV-366-V Max flow thru valve (Cv = 1.2) Valve left wide open 1 1.74E-05 [33 x 5064 TBL ] 1.74E-05 7.00E-04 1825 0 18.1 5.32E-08 9.26E-13
MV-480-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-461-HAr Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
PSV-250-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
PSV-249-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-202-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-208-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-239-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-244-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
MV-370-Ar Max flow thru 25% pipe diameter Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 433 0 18.1 5.32E-08 3.72E-19
LT-13-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
MV-360-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-360-V Max flow into cryostat Valve left wide open 1 1.74E-05 [33 x 5064 TBL | 1.74E-05 7.00E-04 232 0 17.1 3.07E-07 3.74E-15
MV-241-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-247-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-248-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
DPT-67-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
DPT-153-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
MV-248-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
EP-307-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
EP-78-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
PSV-156-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-242-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
PI-243-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
MV-246-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-128-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
PSV-136-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-132-N2 Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-132-N2 Max flow into cryostat Valve left wide open 1 1.74E-05 [33 x 5064 TBL | 1.74E-05 7.00E-04 232 0 17.1 3.07E-07 3.74E-15
MV-131-N2 Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-127-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-251-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-252-V Max flow into cryostat Valve left wide open 1 1.74E-05 [33 x 5064 TBL | 1.74E-05 7.00E-04 232 0 17.1 3.07E-07 3.74E-15
MV-252-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-253-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-290-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-254-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
PT-185-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
PT-186-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
MV-256-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
CV-256-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-291-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
MV-294-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 2.36E-08 2.36E-16
MV-295-V Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 2.36E-08 2.36E-16
MV-296-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 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 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
PT-19-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
PSV-210-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
PT-11-Ar Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
PT-33-V Treat as flange, max flow into cryostat Leak/rupture 1 3.00E-07 NRC 3.00E-07 7.00E-04 232 0 17.1 3.07E-07 6.44E-17
MV-255-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
EP-205-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
RD-302-V Max flow into cryostat Premature Open 1 1.00E-05 NRC 1.00E-05 7.00E-04 232 0 17.1 3.07E-07 2.15E-15
PSV-313-Ar Max flow into cryostat Leak/rupture 1 1.00E-08 NRC 1.00E-08 7.00E-04 232 0 17.1 3.07E-07 2.15E-18
Luke Cryostat Treat as dewar, max flow into cryostat Leak/rupture 1 1.00E-06 FNAL 1.00E-06 7.00E-04 232 0 17.1 3.07E-07 2.15E-16
Welds Max flow thru 25% pipe diameter Leak/rupture 100 3.00E-09 NRC 3.00E-07 7.00E-04 433 0 17.1 3.07E-07 6.44E-17
Flanges Max flow thru 25% pipe diameter Leak/rupture 20 3.00E-07 NRC 6.00E-06 7.00E-04 433 0 17.1 3.07E-07 1.29E-15
LAr vent piping Max flow into cryostat Leak/rupture 1 1.00E-09 NRC 1.00E-09 7.00E-04 232 0 17.1 3.07E-07 2.15E-19
SUM 1.89E-04 SUM 4.24E-09

Terry Tope - 5.31.07
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3.5a2 — ODH Fan Manufacturer Info




Printed Date: 5/3/2007
E- GREENHECK Job: FERMI] LAB CRYOGENIC EXHAUST

Building Yalue in Air
g Produgt Type: Fan
Mark: hMark 1
ENGINEERING DATA SWB Backward Inclined Centrifugal
Approd, Fan | Max. T Motar ils
‘J".'gtghi 4] Frame Size Utlhty Fﬁn
170 145 T%p: dari 1
.
**E &R Weight |5 sithoLt aceessaries. STANDARD CONSTRUCTION FEATURES
HOUBIMG: Heavy gauge sleel housing with Lock-seam cansituction « Unit support
Driva Typa I angles with prepunched mewntlng holes « Adjustabe molor plale « Corosion resistan
EEE&FFSG‘ Enliri ;:.r]rgil .ﬁi{sH %hﬁahalized and mat;a;j.bﬂ o
. MGS, SH , EEL: Heawvy duly lubricatable. self-atigning bali bearn
Varialie | plfow blocks - Pollshed, solid sleel shafts » Backwarg malned s whool ?
(Fans with 4P, moters include: aluminum whee), aluminum rub ring, and shak seal)
CONFIGURATION
Arcangement | Rotation | (eiarge SELECTED OPTIONS & ACCESSORIES
Heaprene Isolators IndoarfGutdoor, Single Dellection 1/4°
10 oW TH Sleal Yheel Construction
- Outlet Flange - Punched
TNSTALLATION Permatector - Standard Coaling on Entire Fan
Air Slream
Temp. {F}
Kt
.
MOTOR SPECS
Size Mator FLA
{hp} RPM VICH | Bndosuie | eome Size | (A)
7 1725 GOOIE03 QoF L1 A4
A ——
FLA - Based o0 {ables 150 o7 148 of
Nallonal Elecines Coda 2062,
PERFORMANCE ElavaionR=10
Yolume " TS oW Cperalin
aty. Model creg | SPOnwa | iy | niing | FRPM | Sher thy | SE%
i SWB-Z212-20 2,000 4 PEL30G | 24330 | 3.010 1.57 G4
_ A L .

SOUND

Ly« A wezighied soiond power [Eval, based on

IMet Sound Power by Qctave BEand e
Lwd | gEA el B ANSI 516 dBtA - A weighled seund pressure
Criteria anes tevel, bazed on 11 508 atteruabion per octave

G2.5 125 2510 800 | 100D | 2000 | 4000 | 8000
Dand a1 5.0 1. Noise Criteria (NC) based gn an

a0 8 T8 BE A TE ¥4 ] 85 FH 73 24 sverage atteruation of 11.5 db per actave
i— — va— - bard 81 5.0,

55
en / .4

/‘Ii r""- o] / 1"..,_
7 SKS

1A A AN

oy
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L
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Printed Date: 5/3/2007
E GREENHECK Job: FERMI LAB CRYOGENIC EXHAUST

Buitding Velue in Alr. Product Type: Fan

. . Backward Incl d Mark: Mark 1
ize: _ ackward Incline
Arrangement: 16 SWB Centrifugal Uﬁﬁt}" Fan

MOTES: All dimensions shown &re in units of inches.
Drawings are nol to scate. Drawings ara of standard unil and da not incluge dimensions for accessories ar desmon modifications.

e G625

] ez

24.375
— .34 —]

13,25 S Y 13 -
N n
28375 § \ ﬁ y — *[ F

19,125

R

| | i Jl [
| | I —

16875

SIDE VIEW END VIEWY

0.

Dfa. Hota 3625 fm—
‘I 4 AHOLES
; m 4.3
HOLE BHA.
3.55
[+ 0-—{ . _ I
EE]
g

}
§
16.75 ) ) SHQAF—T/_ L :

J—:— 21.375 -—-u-‘

L~——‘:- 2.62% o—-l

e 4225 — o

OUTLET FOOTPRINT
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[ H GREENHECK

Building Value in Al

Printed Date: 5/3/2007

Job: FERM| LAB CRYQOGENIC EXHAUST

Product Type: Damper
Mark: Mark 2

.

7/ .
."ﬂ'&,

<Ny
b“""ti ’ 1.26

I'_ Max.

Notes: Al dimensians shown ate in units of inches,

IRFVE

W& H fumished aporoximalety 0,25 in vndersized and Sd:"]lﬁ.r refar to
damper dimensions (sleeve thickness is not included),

Electrcal accessony witng terminates at the accessorny,
Fleld wining is redquiced Lo individual components,

VCD-23

Low Leakage Control Damper

Application & Design

The mode! YCD-23 is 2 ruggedly buill low teakage cantrol damper for
application as an autemalic contral oF ranual balanc ng damper, A wide
range of eleciic and prresmalic actuators are available, Man-fackshated
dampers will be supplied with a blade drive laver for Internal aciuator
mounting unless extermal acluator mounting is specified in whith case an
extensinndpbn kL will be pravided. The VCEB-23 iz intended for applicalizns i
low to redium prezsure apd velocity syslems.

* FRAME: Galvanized, 5 ih x T in hal channg), reinfarced Carmers, fow profile
head and sill on dampers 17 in high argd Smaller. {WWhan 304 55 malerial iz
selecled the frame, blades and all damper components will be previded in 304
S5 excepl: (he actualer, maunling hardware and jackshaf)

* BLANES: Galvanized, reinforced wilh 3 [ungiiud%nar structuralty designed v's.
= LINKAGE: Shde linkage oul of air stream,

= ARLES: 0,50 dia.

CONSTRUCTION FEATURES

Blade Actton: Qpposed Skring; Morminal

Frame Typer Channal Frame Thickness (ga): 18

Materiat: Galvanized Actuator Type: 120 VAT

Axla Matatfal: Steel Actuatar Maunt:  Ext Sidoplate

Axie Hearings: Bronze Actuator Lacation: Lefl Side

Linkage Ralarial: Slee Fail Posttion: Cpen

Biada Saal; Silicone Cyele: G0 Cycle

Jamb Seal Mat.: 304 55
ID # Tap Qty W {in) H {in} Crive A Actuator Sg f_ﬁ’:ﬁ’fﬁm A'Eﬁ:;“
i1 i 20040 20,000 i1-1FEL-0 FSLF-120 1 8 1.5

CAFPS 3414

Cilrocumedls znd Seflings\thudsoniy DocumentsiCAPS Jobs\FERMI LAE CRYOGENIC EXHAUST g
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[ B GREENHECK

Building Value in Air.

Printed Date: 5/3/2007
Job: FERMI LAB CRYOGENIC EXHAUST
Product Type: Louver

Mark: Mark 2

Mates: Al dimensions shown ara nynils of inches.

= oy

AAAANANNX] -

Height & Width fumished approxirmatehy 0.25 inunder size.

CONSTRUCTION FEATURES

EDJ-430

Drainable Head - 30° Blade
Application & Design

High Perfarmanca Dralnabla Head Stiationary Louver podel EG430 is a weather
lowver dezigned 1o prolect &ir intake and exhaush openings in building extesar
walls. Design incorporates drainable head, S?'Ie ades, sloped sill and high free
area {o provide maximum resislance to rain and weather while providing minimum
ragistance o aiffiow. The EDJ-420 s an exlvemely efficient louver with AMCA
UEENSED PERFORMANCE DATA enshling designers ta salect and apply with
canfdence.

STANDARD CONSTRUCTION FEATURES

« Frame: Heavy gauge 606375 extruded alumingra, 4 it x 0.087 in eominal
dimensons.

« Bladas: J shyle, BOE3TS extruded aluminue, 0.0871 in nomial wall thickness,
posiligned at 30° angles on approximately 3 in centers,

+ Blrd Screen: 0.75 inx 0.051 in fatened expanded aluminum in removabla frame.
Suieen iz mounted ok Inside (read),

+ Finizh: Mill.

SELECTED OPTIONS & ACCESSORIES

::::;1%‘;‘:;} fins: F""“?;fg internally mounted flateqed expanded suminum bird screen
Frame Thickness {in}: 2.081
Blade Thickness (fny: [.081
Sizing: Maorribal
Shapo: Redangubar
Material: Aluminun
Tag List;

b # Tag aty | wiin Him | PR | Wes | Peex [ Shie

2-1 1 25.000 25,000 208 1 1

FERFORMANCE
Velume | Fres. Dro Atr Vglogity
ID# Tag Q| CEMi | dnwa)' | (iminy | BPWP
21 1 2,000 12 97T 541
CAPS 3414 CADoruments and Sellingsidhudsoniidy DocumentsiCAPS JobsiFERMI LAB CRYOGENIC EXHAUST g¢j Page 5 of&



E GREENHECK Printed Date: 5/3/2607

Building Value in Air Joh: FERM! LAB CRYQGENIC EXHAUST

Damper & Louver Drive Arrangements

14-1FEL-0 gf 11CEL-D

CAPS 3414 CADoouments and Sellings\dhudsonitdy CocumenE\CARS Johs\FERMI LAR CRYOGENIC EXHAUST goj Pane & of &



Terry Tope - 4.5.07
3.5b1 - 1/6

3.5b1 — Pressure Vessel Engineering Note for Luke

See 4.1a for relief valve calculations and 4.1aa for supporting relief valve
calculation documentation.

Relief valve certifications are included at end of pressure vessel engineering note
along with the Form U-1A Manufacturer’'s Data Report for Pressure Vessels.



PRESSURE VESSEL ENGINEERING NOTE

PER CHAPTER 5031

Prepared by:

Terry Tope

Preparation date: 3.15.07

1. Description and Identification
Fill in the label information below:

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title FLARE Materials Test Station Cryostat
Vessel Number PPD#10100

Vessel Drawing Number D-13109101

Maximum Allowable Working Pressures (MAWP):
Internal Pressure 35 psig
External Pressure 15 psig

Working Temperature Range -320 OF 100 OF

Contents Liquid Argon

Designer/Manufacturer Chart, Inc.

Test Pressure (if tested at Fermi) Acceptance
Date:

PSIG, Hydraulic Pneumatic
Accepted as conforming to standard by

of Division/Section Date:

NOTE: Any subsequent changes in contents,
pressures, temperatures, valving, etc., which
affect the safety of this vessel shall require
another review.

Reviewed by:

< Obtain from Division/Section Safety Officer

<—Document per Chapter 5034
of the Fermilab ES&H Manual

< Actual signature required

Date:

Director's signature (or designee) if the vessel is for manned areas but

doesn't conform to the requirements of the chapter.

Date:

Date:

ES&H Director Concurrence
Amendment No.: Reviewed by:

Date:

Fermilab ES&H Manual

5031TA-1
09/2006



Lab Property Number(s):099938
Lab Location Code: 502 (obtain from safety officer)
Purpose of Vessel(s): Test contamination effects of proposed LArTPC

materials on ultra high purity liquid argon.

Vessel Capacity/Size: 250 liter = Diameter: 22 inches Length: 37.5 inches
Normal Operating Pressure (OP) 20 psig
MAWP-OP = 15 PST

List the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original
D-13109101 Chart Inc., 1300 Airport Drive,

Ball Ground GA 30107

2. Design Verification

Is this vessel designed and built to meet the Code or “In-House Built”
requirements?

Yes_ X  No .

If“No” state the standard that was used .

Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.

Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes_ X No . If "Yes",
complete section 2A; if "No", complete section 2B.

A. Staple photo of U stamp plate below.
Copy "U" label details to the side

Copy data here:
NAT'L. BD. NO.

168161

CERTIFIED BY

CHART, INC.

RT-2

MODEL: DEWAR R

M.A.W.P.: 35 P.S.I. @ 100 °F
M.D.M.T. -320 °F @ 35 P.S.I.
MAEWP 15 psi @ 100 °F

2005 S/N CEGRZ05L102

DUPLICATE

Fermilab ES&H Manual 5031TA-2
09/2006



Figure 1. ASME Code: Applicable Sections

2B.
Summary of ASME Code

CALCULATION RESULT
(Required thickness or stress
Reference ASME level vs. actual thickness
Item Code Section calculated stress level)

vs
vs
vs
vs
vs

Fermilab ES&H Manual 5031TA-3
09/2006



3. System Venting Verification Provide the vent system schematic.

Does the venting system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association
Standards S-1.1 and S-1.3?
Yes _X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to
verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Anderson Greenwood 83SF1216F 35 psig 227 SCFM Ar___ 1.5" x 2.0"_
BS&B (rupture disc)_ _ JRS 55 psig 1066 SCFM Ar_ 1.5"

4. Operating Procedure

Is an operating procedure necessary for the safe operation of this

vessel?
Yes No_ X (If "Yes", it must be appended)
5. Welding Information
Has the vessel been fabricated in a non-code shop? Yes No_ X

If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld
this vessel.

6. Existing, Used and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No_X

If "Yes", follow the requirements for an Extended Engineering Note for
Existing, Used and Unmanned Area Vessels.

7. Exceptional Vessels

Is this vessel or any part thereof in the above category?
Yes No_ X
If "Yes", follow the requirements for an Extended Engineering Note for
Exceptional Vessels.

Fermilab ES&H Manual 5031TA-4
09/2006



THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing Number

Maximum Allowable Working Pressures (MAWP):

Internal Pressure

External Pressure

Working Temperature Range OF OF

Contents

Designer

Test Pressure (if tested at Fermi) DATE /)
__PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division/Section

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and be placed on vessel.

Fermilab ES&H Manual

5031TA-5
09/2006



FORM U-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS

(Alrernative Form for Single Chamber, Completely Shop-Fabricated Vessels Only)
As Reguired by the Provisions of the ASME Code Rules, Section VIIL Division 1

[Mame and address of purchaser)
3 Location of installation Unknown
{Neme and address)
4. Type _Vertical!Tank __CEGRZOG6L109-102 — D-13i08f04 0 1681B0-168161
(Hore. or vert, tenk) Mg ‘= senal Mo (CRN) (Drwanng Mo, ) (Wafl Bd No [Year bubl)

5 The chemical and physical properties of all parte mee! the reguirements of material specifications of the ASME BOILER AND PRESSURE VESSEL

CODE. mwm and Whnlﬂml‘urmhABHE Riﬂﬂiﬂaﬁnﬂ‘ﬂll. Division 1 E

to A

Addends [Date) Code Case Nog Specal Sernce per UG-120 (d)
£ Shell LOBONOM 00 = 1R 1024ip. 3 1bin
[Mat!, [Spec. Mo, Grade) Mom Thic (in)  (Conm, Allow. [in.) s, LD (R &in) Lengih (overall) (1 & in)
7 Seams: TYPES  _NONE 80 —NIA __N/A JYPES NONE == e
Long. (Welded, Dbl RY Ef (%) HT. Temp Time ) Garth (welded, D, RT {Spal, Ne: of Courses
Sngl., Lap, Butl) {Spot o Ful [F) Sngl, Lap, Butl) Parkial, or Full
B Heads: (a) Mall. NIA (b) Matl. _SA-240 T 304
(Spec. No,, Grade} {Spec. Mo, Grade)
Lecation (top, | Minimum | Cormmosion | Crown Knuckie Eliptical Conical | Hemispherical Flat Side to Pressure
Baottom, Ends)| Thickness | Allowance | Radius Radius Ratio Apex Angle Radius Diameter |(Convex or Concave)
(a) | Top N/A NA N/A N/A MNia MR N/A MN/A N/A
(5) | Bottom 0,085 oo b 137E" MiA, MR N/A N/A, Concave

If removable. bolts used (describe other fastenings) _ BOLTS ARE NOT FURNISHED

{Mall.. Spec. Mo, Gr, Soe, No |

8 MAWP _3E 18 psi at max. temp. __ 100 100 b
(inbemal) {eemal) {mrbemat) (el
Min, design metal temp.__-320 *Fat _238 psl. Hydro, pneu., or COMB. test pressure §3 psl

10. Nozzies, inspection and safety valve openings.

F"l.ipmn Na. Diam. Type Matl Nom Retnforcement How Location
{Inlet, Outiet. Drain) of Size = Thi Matl Aftached
INLET/ CH.ITI.ET 1 Z2.08" ID FLANGE T304 1" None UW-13.2(h) NIA

11, Supports: Skirt No meg_wm Other NONE Attached N/A
(Yes or Mol (Describe} {where and How)

Remarks: Manufacturer's Partial Date reports propeny identified and signed by Commissioned Inspectors have been fumished for the following
ftems of the report (N/A

12

Ehhmn'rmmmnbur Idlln:. reme and identifying siamp])

_ —

We certify that the statements made in th