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Gas system
• Gas system consists of three sub-systems
• Gas mixing
• Gas delivery, distribution and venting
• Pentane refill system
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Gas mixing system
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Gas cabinet
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Top view

Controls and 
indicators in the 
gas cabinet



Bronkhorst gas mixing components
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Pentane
CO2

Bronkhorst components assembled in the gas cabinet



Heat Exchanger and MCW
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MCW supply 

MCW return



Gas delivery, distribution and venting
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Venturi booster

Low pressure reducing valve

Distribution



Briskheat heat tape
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• Heated copper lines are 
wrapped around supply 
and vent line to prevent 
pentane to liquify
• Supply line is read via two 

thermocouples (with two 
spares) and vent line is 
read via single 
thermocouple (one spare)
• Supply  line 22 – 400C
• Vent line is 22 – 400C
• Temperature range is 

monitored and interlocked

Heated pipes



Venting
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On the roof of STAR control room



Gas distribution panel
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Pentane refill system
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Pentane refill system
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Transfer pipe

Top view of transfer tank
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System Safety and Interlocks
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Location of the safety actuators and sensors
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Location of the safety actuators and sensors
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Prototype pentane sniffers



Solenoid valve operation - I
• Solenoid valves have 3 modes of operation
• Purge mode
• This mode isolates the pentane 
• CO2 flow for purging the gas lines outside the cabinet, detectors and vent
• During most of the alarms and summer shutdown

• Mixing mode
• Valves enables gas mixing

• No-Flow mode
• No flow of any gas
• All valves closed
• Not safe for the detectors for long running
• In case low pressure reducing valve fails and detector sees inlet pressure high

• In addition there are safety bubblers
• Provides redundancy to avoid over pressuring the sTGC chambers
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Solenoid valves

17



List of alarms - I
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Pentane leak 
alarms

Pentane not 
evaporated after 
mixing alarms

Heat/fire alarms

Supply/vent pipe 
heating issues



List of alarms - II
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Pressure alarms

HV/LV control 
alarms

Solenoid valves 
control alarms



State table for interlock testing
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Controls cabinet
• The equipment was planned and built to be 

in compliance with the 2017 National 
Electric Code, as well as Brookhaven’s 
electrical standards

• All equipment that is in contact with n-
Pentane or inside the gas cabinet is either 
part of 
• an engineered system (Bronkhorst gas mixing 

equipment)
• is wired to a Class 1 Division 2 wiring standard 
for potentially explosive atmospheres, a standard 
which exceeds the requirements issued by BNL
Fire Protection Engineering

• Intrinsically Safe equipment were used for 
pressure transducers and heat detectors
• These devices are incapable of providing 

enough energy to ignite flammable vapors or 
liquids even if shorted

• The system has been inspected by C-AD 
EEI/EMI Inspector Dennis Donaldson prior to 
powering up

• Powered by UPS
• UPS is interlocked to fire detector in the 

cabinet 21



PLC and Modules
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• Compact GuardLogix 5380
• Safety PLC
• SIL2/PLd certification

• Safety input module - 5069-IB8S
• 8...32V DC 8-point, safety sinking input 

module
• SIL2

• Safety analog input module 1734-IE4S
• AB Point I/O System - a 1734-AENT Field 

expandable I/O Adapter with a 1734-IE4S
• Configured for 4-20 mA life zero transducers

• Standard analog input - 5069-IF8
• For pressure transmitters 

• Safety output module - 5069-OBV8S
• For solenoid valves and HV
• SIL2

• Standard output module - 5069-OX4I
• For alarms and sirens

• HMI (Human Machine Interface)-
PanelView 5310, 9”

Safety analog input module

PLC and modules



Interlock user interface – Home screen
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Interlock user interface – Bypass screen
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• Bypass is disabled
• Login and key is required for bypass operation



Interlock user interface – Alarms/History/Pressure
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Active alarms window

Alarms history window

Pressure reading window



Switches, Sirens and Strobes
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Controls cabinet

Gas cabinet

Control room 

In the experiment



Prototype assembly
Test plan for gas and interlock system in the STAR assembly hall (Run21)

Final installation in the STAR west platform(Run21)
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Prototype assembly for Run21
• 60 by 60 cm prototype for run 21
• Mounted to a frame with chamber to collect gas if 

there is any leak
• Two pentane sniffers are placed inside the chambers 

for sniffing any gas leak
• One of the chamber is leaking, will not be used
• One ROB (RDO) and FEB (FEE card) will be used
• Rest are TPX electronics

• Goals for Run21:
• Evaluate the gas system
• Evaluate new electronics and DAQ
• Slow controls, monitoring plots, trips,…
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Testing in the assembly hall
• Gas cabinet and interlock cabinet are in 

the permanent location
• Prototype and the gas distribution 

panel are temporally placed in the 
assembly hall
• Temporary wiring for all the electronics 

and gas lines for prototype and the gas 
distribution panel

• Venting to atmosphere outside
• Since most of the time STAR 

experimental hall is closed, full setup 
outside allows to test the gas system 
and interlocks without need of an 
access
• Easy for the reviewers and for the safety 

walk through for system outside the 
hall
• 100 % supervised by system expert 

when pentane is used
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Installation in the west platform
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North-west platform

Gas lines 
from cabinet 
and for vent

Distribution 
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Procedures and Documentation
• Written procedures available to operate the gas system and the 

interlock system

• Documents, manuals and schematics
• Gas system operation manual
• Interlock system operation manual
• Leak test documentation
• Schematics of interlock and electrical wiring
• Schematics of the gas system
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