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Gas system

e Gas system consists of three sub-systems
* Gas mixing
* Gas delivery, distribution and venting
* Pentane refill system
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Gas Cabinet
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1. Pressure are approximate, will be adjested when in use
2. CO2 pressure is slighty higher than pentan pressure

3. Gas lines are 1/4" otherwise noted

4. Dewar/Cylinder valves are not shown
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Gas cabinet

Controls and
indicators in the
gas cabinet
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Gas delivery, distribution and venting

Page 2
Vent
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Venturi booster M

Venturi pump system
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— Gas Distribution
e Rev: 9.0 (03/11/2021)
Refer page 1 8 psi Flow meters
Ompu:’r'::ge - FM1,2,3,4,5 S.PraShanth
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Distribution

Notes:

1. Pressure are approximate, will be adjested when in use

2. Thinking of flexible conduit one or two for 16 suply lines and 16 return
% Venturi pump lines, which are Polyurethane. Need review and approvals.



Your Heating Specialisi since 1949

Silver-Series Cloth Insulators

Silver-Series Insulators are a configurable system of cloth insulators that feature durable
high-temperature cloth, 1"-thick needle-punched fiberglass insulation, and hook & loop
closures for easy installation and removal. This cost-effective solution improves thermal
efficiency for hot and cold pipes, tanks, and vessels in industrial and commercial
environments. Custom designs can be manufactured for unique requirements.

Briskheat heat tape

* Heated copper lines are
wrapped around supply
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AND INSULATORS

Product Highlights » ) ",t,
/Conﬂgurcb[esysfem ) ! 1
s

/ Easy-to-install

‘/ Removable and reusable
‘/ Durable and long service life
/ Economical solufion

/ Cut-to-length pipe insulators

Moisture and chemical

. . resistant cloth WATER g!,’
'l
pentane to liquify J i
[ B
/ Fire-retardant %, 1
Q)
‘/ Asbestos-free S SISTA &
° ° ° |
. S l l I I l e I S re a V I a tWO Specifications: Uses and Applications:
* Operating Temperature: Up to 450°F (232°C) * Self-Regulating Heating Cable
* Cloth: FRC1650 polymer-coated fiberglass * Constant-Watt Heating Cable
[ ] * Insulation: 1" (25mm) needle-punch fiberglass * Heating Tapes
t e r m O C O l l p e S W I t tW O « Thermal Performance: R33, K0 21@75°F (24°C) * General Purpose Insulafion
o Quality Construction e Cut-to-Length Versatility e Improved Thermal Efficiency

L] L]
S p a re S ) a n d Ve nt I I n e I S XiremeFLEX® BSO-G Grounded Silicone Rubber Heating Tapes
Product Highlights '

. . Grounded for your safety
read via single g
thermocouple (one spare) e B

Specifications:
¢ Maximum exposure temperature: 450°F (232°C)

[ ] O « Silicone rubber extruded outer sheath
* Polyimide film wrapped fiberglass knitted and braided
e Su PPy line 22 —40°C With Ground

w * Patented grounded heating element

o ¢ Minimum Bend Radius: 0.250in (6mm)

< * Nominal Thickness: 0.125in (3mm) Moisture

Ll * Power density: 4.3 W/in? (0.007 W/mm?) d g: vl el \
. . O O  Suitable for electrically conductive surfaces 3 gn iemica

[ ) — z + 120 or 240VAC “Resistant

= e 24" (610mm) lead wire 3

< .

w .

I

~a &
Electrical leads same end > »\%
Ingress Protection Rating: IP66 - b5
je— 24 | ength | ) #
(610mm) |

* Temperature range is = | .

Silicone Rubber —

. R Lead Wire Double Braided
Silicone Rubber Polyimide Film Wrapped
Extruded Outer Fiberglass Insulated
Jacket Heating Element
Ordering Information:
[Widih | tengih [ Tofal | FaiNo. | PaiNo. |
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Gas distribution panel

__Side view

N2 supply for Venturi

Venturi pump

Top view
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Pentane refill system
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Pentane refill system

o>
CO2 pressure line’

Transfer tank



System Safety and Interlocks



Location of the safety actuators and sensors
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Location of the safety actuators and sen
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Heat detector
Pressure relief valves

Pressure transmitters

Solenoid valves

Liquid detector

Pentane sniffers
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Solenoid valve operation - |

* 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
e 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

16
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List of alarms - |

Type Message Comments Safety action delay
1 Pentane leak Pentane leak detected in the gas (1) and (4) are redundant pentane sniffers in the gas cabinet In 1.5 min to purge
detected cabinet (1)
Pentane leak detected in the gas In 1.5 min to purge
cabinet (4)
Pentane leak detected in the gas (2) and (5) are redundant pentane sniffers in the gas distribution In 1.5 min to purge
distribution cabinet (2) cabinet
Pentane leak detected in the gas In 1.5 min to purge
distribution cabinet (5)
Pentane leak detected near sTGC (3) and (6) are redundant pentane sniffers near sTGC chambers In 1.5 min to purge
chambers (3)
Pentane leak detected near sTGC In 1.5 min to purge
chambers (6)
Gas sniffer controller 1 failed Pentane sniffers 1, 2, 3 are connected to controller 1. If the controller In 10 min to purge
fails, this alarm activates
Gas sniffer controller 2 failed Pentane sniffers 4, 5, 6 are connected to controller 2. If the controller In 10 min to purge
fails, this alarm activates
1
| 2 Liquid present  Pentane liquid present after mixing If the CEM not functioning properly or the temperature is not set In 1.5 min to purge
after mixing correct, liquid pentane will be in the mixed gas. About 15 ml of
accumulated pentane in LD chamber can trigger this alarm
Liquid detector malfunction (<4mA) If the LD is not functioning properly the current from LD will be less than  In 10 min to purge
‘ 4 mA
|
| 3 Heat Heat/Fire detected in the gas cabinet In 1.5 min to purge
Detections
Heat detector faulted in the gas Heat detector SWAM dry contact faulted In 10 min to purge
cabinet
Heat/Fire detected in the controls Power for the controls cabinet dropped. No alarms generated from Immediate purge
; cabinet sTGC interlocks.
|
4 Heat tape Temperature at location x reads high x=1,2,3,4,5,6 In 5 min to purge
Upper limit for supply = xx °C
Upper limit for vent = xx °C
Temperature at location x reads low x=1,2,3,4,5,6 In 5 min to purge
Lower limit for supply = xx °C
Lower limit for vent = xx °C

Pentane leak
alarms

Pentane not
— evaporated after
mixing alarms

— Heat/fire alarms

Supply/vent pipe
heating issues

18



List of alarms - |l

Type Message Comments Safety action delay
5  Pressure PTx has a fault (sensor or isolator) x=1,2,3,4,5,6 Only sensor 5 is in the safety
Sensor fault current < 4mA logic for high pressure.
Or the intrinsic safety isolator is failed In 30 sec to No-flow
PTx pressure high 30 < PT1< 34 (psi) Only sensor 5 is in the safety
Or 28 < PT2 < 32 (psi) logic for high pressure.
PTx pressure low 28 < PT3 < 32 (psi) In 5 sec to No-flow
1< PT4 <15 (psi)
1< PTS <10 (mbar)
0< PT6 < 10 (mbar)
|
| 6 High Voltage HV enable power fail to turn on Safety relay is not closed No safety action
HV enable power fail to turn off Safety relay is not opened
HV module x fails to turn on Safety relay is not closed
HV module x fails to turn off Safety relay is not opened
| 7 Low Voltage LV enable power fail to turn on Safety relay is not closed No safety action
LV enable power fail to turn off Safety relay is not opened
LV module x fails to turn on Safety relay is not closed
LV module x fails to turn off Safety relay is not opened
8 Solenoid Mix valves fault Valve status is checked using safety relay In 1 min to purge
Valves
Purge valves fault In 10 sec to purge
No-flow valves fault In 1 sec to No-flow

— Pressure alarms

_ HV/LV control
alarms

Solenoid valves
control alarms
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State table for interlock testing

-
O"’
& Q;{\
D &
O
2 N
)
Q‘\
Q
1| Normal status
Interlocks
Fire/Heat Detection
2| Heatin gas cabinet X X X X
3] Heat in electronic cabinet X X X X
Pentane Gas Leak Detection
4] 15% of LEL in pentane sniffer 1 - Gas cabinet X X X X
5] 15% of LEL in pentane sniffer 1 - Flow meters X X X X
6] 15% of LEL in pentane sniffer 1- sTGC chambers X X X X
7] 15% of LEL in pentane sniffer 2 - Gas cabinet X X X X
8] 15% of LEL In pentane sniffer 2 - Flow meters X X X X
9] 15% of LEL in pentane sniffer 2 - sSTGC chambers X X X X
10] Pentane sniffer 1 malfunction w/5 min delay X X X X
11] Pentane sniffer 2 malfunction w/5 min delay X X X X
Gas mixing and Delivery
12| Liquid pentane present after mixing X X X X
13] Supply line heat tap -LOW/HIGH X X X X
14] Vent line heat tap -LOW/HIGH X X X X
Pressure
15] sTGC Supply over pressure (PT5) X X X X
STAR global interlock (SGIS)
16] From SGIS Appropriate action to be determined, not implemented for Run21
17| To SGIS Appropriate action to be determined, not implemented for Run21
[
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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)
* iswired to a Class 1 Division 2 wiring standard
for potential(l:?/ explosive atmospheres, a standard
S

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 ener%y 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

* UPSisinterlocked to fire detector in the
cabinet

Heat (Fire)
Detector (190F)

Analoglnputs

Fused Safety Output
Terminal Blocks

Safety Input
Terminal Blocks

Incoming UPS
Power

&
¥y

| ,-/M‘Hn\\l" ) !\!"" j-.J‘L,:’J =i

] A RITRA \
ST YA & 81

|~‘f""

4 |

I.R. Alarms

Safety Analog Input Aux
Relays

Gas Cabinet Front Panel
Low Voltage, High
Voltage Interlocks
Fused Digital Outputs
Solenoid Valve Controls
Digital Inputs

Safety Analog Input
Module, Controller

Safety PLC Controller,
Safety and Standard I/O
Modules

120VAC-24VDCPower
Supplies (Fused In and
Out)
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PLC and Modules

e Compact GuardLogix 5380
» Safety PLC :
* SIL2/PLd certification

e Safety input module - 5069-IB8S T

e 8...32V DC 8-point, safety sinking input
module

e SIL2

e Safety analog input module 1734-IE4S PLC and modules

* AB Point I/O System - a 1734-AENT Field
expandable I/O Adapter with a 1734-1E4S

* Configured for 4-20 mA life zero transducers
e Standard analog input - 5069-IF8

* For pressure transmitters

» Safety output module - 5069-OBV8S
* For solenoid valves and HV
* S|L2

e Standard output module - 5069-0X4l
* For alarms and sirens

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




Interlock user interface — Home screen

2:49:05 AM
L Login button Home | Active Alarms | Bypass Pressure Alarm History @ @ 211612021
Screen tab @ Valves mixing, but heat Xf'vcs MXH;_Q HV/LV permissive is
G 211512021 . a|al"m present |n the . arm(s) ctive . glven When the
Message window /= * . High/low voltage . . Time to purge  1:22 L
9 bl permissive cabinet. One minute and 22 system is in mixing
indicator seconds left for automatic state
start of purging
Solenoid valves Heat alarm is active
Blue closed Pressure
Green opened tl’ansmltter
, reading
) _,....n 5 R— . . . . ‘I~ User buttons
Alarm Icons i E wioomg [ vowonoces  Elomumsonces | start Mixing Start Purging Stop Flow Alarm Silence || Uquid levelalarm
1 ] Heat detected neuhnama Start Mixing Start Purging Stop Flow Alarm Silence
|
Login required - Mixing button is disabled
Home | Active Alarms | Bypass Pressure Alarm History ;5 Operator @ @Zé‘ﬁgggx
i Valves Purging » i i HV o
VaIVeS Changlng Stat‘% Please walt’ Valves Changlng State . Home | Active Alarms A Bypass Pressure Alarm History ;'1 Operator ®”2]2:gg2h:
from purging to mixing V@ -

Valves Purging
Alarm(s) Active One or more alarms are bypassed

Busy indicator |

b
P
*éu”mwmm ~ . . . .

OK Low High . Heat detected nﬁasluk detected Start Mixing Start Purging Stop Flow Alarm Silence

Buttons are disabled, while f
changing state Sy

nGas leak detected Start Mixing Start Purging Stop Flow Alarm Silonc§




Interlock user interface — Bypass screen

o<De
Bypass Key Disabled
Liquid present . Valves fault . .
Controll 4
ons::ff:: :: Malfunction. Mix. Purge. NoFIow. . BypaSS is disabled

eat Detector HV control fault .
: : Gas cabinet . LV control fault .

'IPreuureTrancmlthr
@ 2 @

Thermocouple

. . . To .|me.

Login and key is required for bypass operation

2:33:02 AM
Home | Active Alarms | Bypass = Pressure | Alarms History :5 Operator ® 216/2021

» STGC GAS INTERLOCK SYSTEM

o0 O

ALARM

Bypass Key Enabled <«
{ Gas Sniffer

Liquid present . Valves fault

e @8 |18 | @
@ @ | FeatDsts HV control fault ()

. . Gas cabinet LV control faulr.

Bypass is enabled

BYPASS

Heat/fire in the gas

i cabinet alarm is bypassed
Pressure Transmitter

Thermocouple : : : Manual control for

. . . -solenoid valves and

@ 6 ® enable/disable the HV/LV

To .lFrom .

| permissive




Interlock user interface — Alarms/History/Pressure

. ' 264:05 AM 2:39:23 AM
Home _ Active Alarms | Bypass = Pressure Alarm History ' Operator @ @ 211512021 Home Active Alarms Bypass Pressure Alarm HiS‘tOl"y [ @ o =
A4 n
A... Event Time Message &0 PT1 (psi) 196 PT4 (mBAR)
1311998 06:56:24 AM  LV_OFF_taul_N
17311998 06:56:24 AM  LV_OFF_fault_N ) ”
113111998 06:56:24 AM  LV_OFF_fault_N 2:39:05 am 2:41:35 am 12:44:05 amr 2:39:05 am 12:41:35 an 12:44:05 am
21152021 21152021
1/31/1998 06:56:24 AM  LV_OFF_fault_N m m
1/31/1998 06:54:54 AM  Heat/fire detected in the gas cabinet PT2 (psi) PTS (psi)
50 12.5
) 0
2 2:41:35 am 12:44:05 an 2:39:05 am 12:41:35 an 12:44:05 am

PT3 (psi) PT6 (mBAR)

Event time of Alarm message ot f K
the alarm g 2:41:35 am 12:44:05 am 12

. - ' 2:38:48 AM
Home | Active Alarms | Bypass ~ Pressure | Alarm History ,,Opm!or @ @ 211512021

Pressure reading window

Message

Time when the alarm disappeare 199806375 Fat when osing
Time when the alarm is create 31/1998 06:37:53 Fault when closing all valves for no flow

31/1998 [ Fault when closing all v for no flow.
PT6 has a fault (sensor or isolator)
3:36:16 AM PTS has a fault (sensor or isolator)
PT4 has a fault (sensor or isolator)

PT3/,3s | fault (sensar ar isolat )

S a fault (sensor or isolator)

Y (NofFilter) w || Oy 21412021 04:38:43 PM Y 15115 (3 Y, 25



Switches, Sirens and Strobes

¥

Controls cabinet

e

" STGC GAS INTERLOCK SYSTEM ®




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

e Goals for Run21:
e Evaluate the gas system
* Evaluate new electronics and DAQ
* Slow controls, monitoring plots, trips,...




Testing in the assembly hall

e 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

\flmvalll through for system outside the
a

* 100 % supervised by system expert
when pentane is used

29



Installation in the west platfo

"Gas lines
from cabinet |
d for vent |

Distribution
panel

North-west platform
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Procedures and Documentation

* Written procedures available to operate the gas system and the
interlock system

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



