
Square One Presents –
“The Pipeliner”

One Chemist’s Quest for the 
Holy Grail of Compressed Gas 
Design Information for High 
Purity Installations.



What is “The Pipeliner”?

• The “design bible” of high purity compressed gas 

What is  The Pipeliner ?

g g p y p g
delivery systems???

• Your personal road map to the successful design• Your personal road map to the successful design 
and installation of high purity gas delivery 
systems???

Everything you always wanted to know about  
compressed gases and equipment but didn’t knowcompressed gases and equipment, but didn t know 
who to ask!

Y    h   f  h  “H l  G l”” f d Your journey on the quest for the “Holy Grail”” of compressed gas
knowledge has just begun.



How do we achieve a successful project?How do we achieve a successful project?



Keys to SuccessKeys to Success

• Asking the right questions!Asking the right questions!

• The goal of the presentation is to teach youThe goal of the presentation is to teach you 
how to ask the right questions.  



What are the right questions?What are the right questions?

Let’s start with an application –

GAS CHROMATOGRAPHY

QUESTION #1:

What is the application?What is the application?

See Pg. 18



What is a GC and
d kHow does it work?

A gas chromatograph is an analytical instrument used to 
separate and identify individual gases/compounds in a 
sample.

It generally requires a carrier gas, such as helium or g y q g ,
nitrogen and a process gas, such as hydrogen and air.



What are the right questions?What are the right questions?

• Question #2:Quest o :
– What are the gases required?
– In our GC Example…

• Helium = Carrier Gas
• Hydrogen & Air = Process Gases

• In general, an application may require 3 different 
“kinds” of gases…g
– Carrier, Process & Purge Gases
– Can also have calibration gas



What are the right questions?What are the right questions?

• Question #3Question #3.

What are my materials of construction?

‐ Gas service/Materials Compatability & Gas purity
See Pg. 10 & 20

Can I use brass or stainless steel? (HARD)

What types of soft materials can I use?



Gas Purity LevelsGas Purity Levels

See Pg. 10



Materials Compatibility ChartMaterials Compatibility Chart

Pay attention to three 
(3) areas:
1.  Metals
2.  Plastics
3.  Elastomers

See Pg. 20



What are the right questions?What are the right questions?

• Question #4:Quest o :
– What are the pressure and flow requirements?

• A.  Inlet pressure

• B Delivery Pressure and/or Point‐of‐Use Pressure –B.  Delivery Pressure and/or Point of Use Pressure 

• C.  Flow, generally expressed in SCFH
( d d bi f h )(standard cubic feet per hour) 

• D.  Pipe vs. Tube… Pressure & Flow Calc’s



What are the right questions?What are the right questions?

• Question #4A:Question #4A:
– What is the inlet pressure?

• Question #5:
/– What is the source of supply of the gas/liquid?

– What is the CGA connection?
Things that make 
you go hmmm…



Gas Supply Modes – The answer to 
dQuestions 4A. And 5.

See Pg. 12 & 13



Gas Supply Modes, cont…Gas Supply Modes, cont…

See Pg. 14



Common Gases – Reference InfoCommon Gases  Reference Info

• Typical “A” size cylinder of Helium NitrogenTypical  A  size cylinder of Helium, Nitrogen, 
Argon, Air, Oxygen or Hydrogen
– 9” x 55”– 9  x 55

– 3,000 psig rated, actual ~ 2,640 psig @ 70⁰F

~250 350 cubic feet– ~250‐350 cubic feet

• Typical “A” size cylinder of Nitrous Oxide Gas
– 9” x 55”

– 3,000 psig rated, actual ~ 745 psig @ 70⁰F

– 65 Lbs. or ~ 570 cubic feet



Common Gases – Reference InfoCommon Gases  Reference Info

• Typical “B” size cylinder of Carbon Dioxide GasTypical  B  size cylinder of Carbon Dioxide Gas
– 9” x 51”

3 000 psig rated actual ~ 830 psig @ 70⁰F– 3,000 psig rated, actual   830 psig @ 70⁰F

– ~39 Lbs. or ~341 cubic feet

T i l d f C b Di id Li id• Typical dewar of Carbon Dioxide Liquid
– Size ~ 20” x ~ 62”

– 350 psig rated, actual will vary

– ~375 Lbs. or ~3,200 cubic feet



Common Gases – Reference InfoCommon Gases  Reference Info

Gases & CGA Connections

• Air, Compressed/Medical = CGA 346
• Air, Industrial = CGA 590
• Argon = CGA 580
• Carbon Dioxide = CGA 320
• Helium = CGA 580
• Hydrogen = CGA 350
• Nitrogen = CGA 580
• Nitrous Oxide = CGA 326
• Oxygen = CGA 540

• Mixtures ASK YOUR GAS SUPPLIER!



What are the right questions?What are the right questions?

• Question #4:Question #4:
– What are the pressure and flow requirements?

• A.  Inlet pressure – determined by the source of supply.  p y pp y
Check with the gas supplier if you are unsure.

• B Delivery Pressure and/or Point of Use Pressure• B.  Delivery Pressure and/or Point‐of‐Use Pressure

• C.  Flow, generally expressed in SCFH

(standard cubic feet per hour)( p )

Check with the end user or consult installation and operating 
manual for given piece of analytical equipmentmanual for given piece of analytical equipment.



Pipes & Tubes & Calc’s – OH MY!!!

See Pg. 22 See Pg. 26



Pipes & Tubes & Calc’s – OH MY!!!

See Pg. 23 See Pg. 24 See Pg. 25



Pipes & Tubes & Calc’s – OH MY!!!

See Pg. 27



Question ReviewQuestion Review

• Question #1: What is the application?• Question #1:  What is the application?

• Question #2:  What are the gases required?

• Question #3: What are my materials of• Question #3:  What are my materials of 
construction?

• Question #4: What are the pressure and• Question #4:  What are the pressure and 
flow requirements ?

• Question #5: What is the source of supply?Question #5:  What is the source of supply?



How do we control the system?How do we control the system?

• Question #6: What type of manifold do IQuestion #6:  What type of manifold do I 
need?
– How critical is the supply of gas to the application?– How critical is the supply of gas to the application?

• Not critical, low demand…              Protocol Station

• Not critical, higher demand… Simplex, ManualNot critical, higher demand…         Simplex, Manual 
Changeover

• Critical…                       Automatic Changeover

• Super‐Critical…           Fully Automatic Switchover



See Pg. 16 & 17



GC Ex. Controlling the GasesGC Ex. Controlling the Gases

See Pg. 18



How do we the system?How do we            the system?

• Question #7: How many cylinders do I need?Question #7:  How many cylinders do I need?

• Recall Question #4C…  Flow Requirements
On average cylinder change outs/delivery should be– On average, cylinder change‐outs/delivery should be 
no more than once/week.

– Example:  Shimadzu GC2010p
• Max flow of 1200mL/min

• 1200mL/min = 72L/hour = 2.54 cubic feet per hour (CFH)

• Recall, a standard helium cylinder contains ~ 300 cubic feet, 
so…

• 1 cylinder will last ~ 118 hours or 5 daysy y



How do we protect the system?How do we protect the system?

• Question #8: What type of safetyQuestion #8: What type of safety 
equipment do I need?
– Protect the gas control equipment– Protect the gas control equipment

Protect the analytical equipment– Protect the analytical equipment

P t t th l i th i t– Protect the people using the equipment



Protecting the SystemProtecting the System

• Pipeline ProtectionPipeline Protection
– Dual Safety Relief Valve Assembly

• PROTECT = PRESSURE RELIEF VALVESPROTECT = PRESSURE RELIEF VALVES

• ISOLATE = “SHUT‐OFF” BALL VALVE

• BY‐PASS = DIVERTER VALVE/ISOLATION VALVE COMBO/

• VENT/PURGE = “BLEED” Ball Valve

• Sample/Test Port

• Tie‐In Port



Protecting the SystemProtecting the System

See Pg. 18



Protecting the Analytical EquipmentProtecting the Analytical Equipment

• Point‐of‐Use EquipmentPoint of Use Equipment
– Precise Pressure Control

Precise Flow Control– Precise Flow Control

– Filtration/Purification

M lti l E i t C t l– Multiple Equipment Controls



Protecting the InstrumentsProtecting the Instruments



Protecting PersonnelProtecting Personnel

• Audio/Visual AlarmsAudio/Visual Alarms
• Proper Signage
• Gas Detection Equipment• Gas Detection Equipment
• Voice Dialers
Fl hi B• Flashing Beacons

• Fail‐Safe Automatic Shut‐offs
• Excessive Flow Shut‐offs
• Gas Cabinets



Gas Cabinets
The code is as 
clear as “MUD”!

Gas Cabinets
• Question #9:  Do I need a gas cabinet?

NFPA 55 is the standard for storage use and– NFPA 55 is the standard for storage, use and 
handling  of compressed gases. 

– NFPA 55 divides gases into 5 classesg
• Corrosives {Section 7.5}

• Flammables {Section 7.6}
– HYDROGEN {Chapter 10}– HYDROGEN {Chapter 10}

• Oxidizers {Section 7.7}

• Pyrophorics {Section 7.8}
Things that make 

• Toxic & Highly Toxics {Section 7.9} you go hmmm…



How do I know what type of gas I am 

dealing with?dealing with?

See Pg. 20



Compressed Gas ClassificationsCompressed Gas Classifications

• Corrosives {Section 7.5}{ }
– Ammonia, Chlorine, Hydrogen Sulfide, Sulfur Dioxide

• Flammables {Section 7.6}
– Hydrogen,  Acetylene, Methane

• Oxidizers {Section 7.7}
Oxygen Nitrous Oxide– Oxygen, Nitrous Oxide

• Pyrophorics {Section 7.8}
– Silane

• Toxic & Highly Toxics {Section 7.9}
– Ammonia, Carbon Monoxide, Chlorine



The system is characterized by the “diamond shape” that is actually a “square‐on‐
point” shape.  It identifies the hazards of a material and the degree of severity of 
th h lth fl bilit d i t bilit h d Ha ard se erit is indicated b athe health, flammability, and instability hazards.  Hazard severity is indicated by a 
numerical rating that ranges from zero (0) indicating a minimal hazard, to four 
(4) indicating a severe hazard. The hazards are arranged spatially as follows: 
health at nine o'clock position, flammability at twelve o'clock position, and 
instability at three o'clock position.  In addition to the spatial orientation that can 
be used to distinguish the hazards, they are also color‐coded as follows: blue for 
health, red for flammability, and yellow for instability.



This table applies to ALL gases.



GC Application – Hydrogen UseGC Application  Hydrogen Use

• How much Hydrogen is required?o uc yd oge s equ ed?
– Recall from our chart… Hydrogen is Flammable!!!
– For the GC w/ FID we need ~50mL/min… < 1 cfh
– Recall a standard cylinder of H has ~ 300 cf

• 1 cylinder or 2 cylinders at most will be acceptable
Per NFPA 10 1 1 “This chapter shall not apply to individual systems using– Per NFPA 10.1.1,  This chapter shall not apply to individual systems using 
containers having a total hydrogen content of less than 11 m3 (400 scf) if 
each system is separated by a distance not less than 1.5m (5 ft).”

– Per Table 6.3.1, the maximum allowable quantity of a flammable gas in an 
unsprinklered area without a gas cabinet is 1000 cubic feet.

– CONCLUSION:  for 1 or 2 cylinders, a gas cabinet is NOT 
required.q



Safe Storage of Gas CylindersSafe Storage of Gas Cylinders



GC Application – Cylinder LocationGC Application  Cylinder Location



Question ReviewQuestion Review

• Question #1:  What is the application?
• Question #2:  What are the gases required?
• Question #3:  What are my allowable materials of 

construction?construction?
• Question #4:  What are the pressure and flow requirements ?
• Question #5:  What is the source of supply?

Q ti #6 Wh t t f if ld/ i t d I i ?• Question #6:  What type of manifold/equipment do I require?
• Question #7:  How many cylinders do I need?
• Question #8:  What type of safety equipment do I need, in yp y q p

order to protect the both gas control and analytical equipment 
and the personnel using them?

• Question #9:  Do I need a gas cabinet?g



Useful DocumentsUseful Documents

See Pg. 8 & 9



SUMMARYSUMMARY



Questions or CommentsQuestions or Comments



We appreciate your time.
Thanks for attending!


