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What is “The Pipeliner”?

v 2, The “design bible” of high purity compressed gas

@ 4 delivery systems???

T

Ohio

| and installation of high purity gas delivery

£, | Your personal road map to the successful design
m systems???

Cf@é Everything you alwaygvanted to know about
; compressed gases anggequipment, but didn’t know
who to ask!
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“ How do we achieve a successful project?
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ﬂ Keys to Succesi/

e Asking the right questions!

QQ

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




B What are the right questions?

. . . PIPELINER
Let’s start with an application —

SUGGESTED INSTALLATION:
GAS CHROMATOGRAPHY
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What is a GC and
How 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
nitrogen and a process gas, such as hydrogen and air.

Sample
/ injecton
Flow controller
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Carrier gas Column oven




What are the right questions?

=
50V e O

* @ Question #2:
— What are the gases required?

— In our GC Example...
e Helium = Carrier Gas
 Hydrogen & Air = Process Gases

* |n general, an application may require 3 different
“kinds” of gases...

— Carrier, Process & Purge Gases
— Can also have calibration gas

-
v
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What are the right questions?
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@ Question #3.
What are my materials of construction?

- Gas service/Materials Compatability & Gas purity
sy See Pg. 10 & 20
=
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Can | use brass or stainless steel? (HARD)

??

nat types of soft materials can | use?

Why can’t | use a medical ma[nﬁaifa@d {or my specialty "}
gas application???



Gas Purity Levels
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PURITY LEVELS AND CHOICE OF MATERIALS

GENERAL PURPOSE APPLICATIONS CHARACTERISTICS
Level 4 Pipe or Tube | Copper, stainless steel, steel, any soft
(99-99%3 +) Joints Threaded, silver brazed, compression

Contamination Protection

- This has the least stringent purity requirements Metals All metals

Applications Soft Materials | All plastics, all polymers
-Atomic absorption (AA)

- Inductively Coupled Plasma (ICP)

- General Gas Chromatography (GC)

Valves All types of valves

Regulators All types of regulators

Hoses All types of hoses
HIGH PURITY APPLICATIONS CHARACTERISTICS
Level 5 Pipe or Tube | Copper, stainless steel (no soft tubing)
(99 9990& +) Joints Threaded, silver brazed, compression
Contamination Protection Metals All (except steel) CFOS
- Requiresa higherlevel of protection against
contamination Soft Materials | Preference for plastics like Teflon
Applications Valves All types of valves as long as CFOS
- Gas chromatography where capillary columns are used
and system integrity is important Regulators Forged Body w/ SS Diaphragm
Hoses All types of hoses (cleaning is critical)
CFOS = Cleaned For Oxygen Service
ULTRA HIGH PURITY APPLICATIONS CHARACTERISTICS
Level 6 Pipe or Tube | Electropolished SS or copper
(999999‘%\ "‘) Joints Orbitally welded (avoid silver brazing)
Contamination Protection Metals First choice: stainless steel

- This needs the highest level of purity

Applications Soft Materials | Teflon (minimize quantity of soft mat'l)

-Trace measurement in gas chromatography, ICP-MS Valves Diaphragm (minimize ball valve)

Regulators Barstock Body w/ SS Diaphragm

Hoses Rigid pigtail (SS preferably)

See Pg. 10 —>



Materials Compatibility Chart
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MATERIAL COMPATIBILITY CHART AND USEFUL GAS PROPERTIES
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(@ Question #4:
— What are the pressure and flow requirements?

A. Inlet pressure

B. Delivery Pressure and/or Point-of-Use Pressure —

C. Flow, generally expressed in SCFH
(standard cubic feet per hour)

m. Pipe vs. Tube... Pressure & Flow Calc’s
,v' )




What are the right questions?
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e 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...

F—

-




Gas Supply Modes — The answer to
Questions 4A. And 5.
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GAS SUPPLY MODES - CRYOGENIC GAS SUPPLY MODES - NON CRYOGENIC - ON-SITE PRODUCTION

LARGE SIZE ON-SITES : APSA & VPSA CHARACTERISTICS

Manufacturers Primarily major gas companies
Products Mainly N, O,, H,, CO,, CO

CRYOGENIC PLANTS (AIR SEPARATION)

Manufacturers Primarily major gas companies

Products Mainly N,, O,, Ar, He, H,, CO, r

Capacity Several tons per day Capatzlty Several tons perda): )

Lot — spest b S —————

ireei;.sure &genera!lylelo\n:jzlltﬂ PsE o B Cogmmemiaj o (capn Ee —
urity mmercial grade (can be purifie e

Purpose Merchant Plant Purpose Supply gas for one application

Typ.Industry O for pulp & paper, N for electronics
MEDIUM SIZE ON-SITES : PSA - MEMBRANES CHARACTERISTICS

Typ.Industry Al industries

Manufacturers Original Equipment Manufacturers i 1 Manufacturers Majors, AirSep, Dow, Parker
Products Mainly N,, O,, Ar, He, H,, CO, Products Mainly N,, O,, H,, CO,, CO
Capacity Generally around 15,000 gallons Capacity Vary greatly (low to mid tons per day)
Location Road tankers and ISO Containers Location Mostly at customers’ sites
Pressure Cryo: up to 60 psig - CO, is diff. Pressure In general below 200 psig
Purity Commercial grade (can be purified) Purity Commercial grade (can be purified)
Purpose Hauling product from ASP to tanks Purpose Supply gas for one application
- Jyp.industry Alindusties T NIRRT PPy T
CRYOGENIC STORAGE VESSELS MCHA-EA' e CHARACTERISTICS

f ™ anufacturecs A SYOr ArINL_OINCO Manufacturers Parker, Peak, Domnick Hunter
Products Mainly N,, O,, He, Ar, H,, CO, Products N,, Air, H,
Capacity From 525 to 20,000 gallons :
EEation S SE Capac_lty Very low (from IPm to 100 scfh)

I Pressure Cryo: up to 500 psig - GO, : 350 psi Focalian R C onersETEE

7 Plirity cgmme;:cia] gragz gr beth;r Pslg Pressure In general below 200 psig
Purpose Product storage in liquid state :urlly ol Iaboraiory& commerchal grade
T Indis Al industi urpose GCs MSs, I»ghl |nQusmaI ?ppllcam"s

L B Typ. Industry Pharmaceutical, tire inflation
MICRO-BULKS CHARAGTERISTICS

Manufacturers Chart
Products Mainly N,, O,, Ar, CO,
Capacity Up to 2000 liters (liquid content)
Location End user sites
Pressure Cryo: up to 500 psig - CO, : 350 psig
Purity Commercial grade or better
Purpose Product storage in liquid state
Typ. Industry Welding, restaurants, laboratories
CHARACTERISTICS
Manufacturers Chart, Taylor Wharton
Products Mainly N,, O,, Ar, CO,
Capacity Up to 230 liters
Location End user sites
Pressure Cryo: up to 500 psig - CO, : 350 psig
Purity Commercial grade or better

;ur?lnns;usw ilrluldmtlﬁlsit:;age in liquid state See Pg. 12 & 13




. Gas Supply Modes, cont...
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GAS SUPPLY MODE - HIGH PRESSURE GAS

TUBE TRAILERS

Manufacturers Fiba and a couple of others
Products Mainly Air, He, N,, O, Ar, H,, CO,

Capacity Up to 150,000 scth

Location Hauling products from plants to cust.
Pressure Rarely above 2400 psig

Purity Any purity

Purpose Temporary supply or cascading

Typ. Industry Al industries

Manufacturers Fiba and a couple of others

Products Mainly Air, He, N,, O,, Ar, H,, CO,
Capacity Could be limitless
Location Point of use sites
Pressure Rarely above 2400 psig
Purity Any purity
Purpose High pressure gas storage (medium)
Typ.Industry Al industries
HIGH PRESSURE CYLINDERS CHARACTERISTICS
1 Manufacturers Norris, Taylor Wharton, Catalina...
oy Products All
ol a | B Capan_lty Vaw greatly upon size and gas
" [ Location Point of use sites
| & \ Pressure Up to 6000 psig
N Purity Any purity
\‘ 2 Purpose Individual or small applications
3 . | Typ. Industry Al industries

Specialty Gas Cylinder Size Comparison Chart

Apgroxinta Scolt
Dimensions A BOC | Alphagaz Specialty
{inches) Products | AGA Argas | (o) | (LnudAl) | Praalr | Matheson | MG Gases
High Pressure Steol
2490 v — — — — T0 — —_ —_ —_
[T ) [ B 300 w T i 300 [ 3
x5 8 [ 200 200 u K 1 200 “ A
T3 c e a1 30 16 a 2 80 16 B
Trid ] [ £ El 7 G 3 ] 7 [
[T o i3 7 12 3 F [ [ 3 v
Zi12 LB [T L8 LE, LE. [ LB LB, — [
(¥ £ [ 3 E MEDE PRE i € = ®
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0% 51 & — — — [T s H 2P — =
i
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[ EA ] ED 1504 S0AL = " [ ) [
[E] ] A6 0 B0A 2231 A 20 AL — B
%18 0108 Al a8 308 A AB SR AL — CL
Wstoe s 7340 nobes

Source: Air Products & Chemicals Specialty Gas Catalog

SeePg.14 _5



 Common Gases — Reference Info

pre O

* Typical “A” size cylinder of Helium, Nitrogen,
Argon, Air, Oxygen or Hydrogen
— 9” x 55”
— 3,000 psig rated, actual ~ 2,640 psig @ 70°F
— ~250-350 cubic feet
* Typical “A” size cylinder of Nitrous Oxide Gas
— 9” x 55”
— 3,000 psig rated, actual ~ 745 psig @ 70°F; e
— 65 Lbs. or ~ 570 cubic feet %& —

L e Bt el

ol vadve o e efl




B Common Gases — Reference Info
e Typical “B” size cylinder of Carbon Dioxide Gas
—9” x51”
— 3,000 psig rated, actual ~ 830 psig @ 70°F
— ~39 Lbs. or ~341 cubic feet
e Typical dewar of Carbon Dioxide Liquid
— Size ~ 20" x~ 62"
— 350 psig rated, actual will vary NOTICE

— ~375 Lbs. or ~3,200 cubic feet "Eﬂ'
| et

Keop all
cylindars
upright and
SECUrE.




. Common Gases — Reference Info

Gases & CGA Connections
e Air, Compressed/Medical = CGA 346
e Air, Industrial = CGA 590
e Argon = CGA 580
e Carbon Dioxide = CGA 320
e Helium = CGA 580
e Hydrogen = CGA 350
* Nitrogen = CGA 580
 Nitrous Oxide = CGA 326
e Oxygen = CGA 540
e Mixtures ASK YOUR GAS SUPPLIER!
NO SMOKING

L NO OPEN FLAME |




) What are the right questions?
(@ Question #4:
— What are the pressure and flow requirements?

e A. Inlet pressure — deterrgihed by the source of supply.
Check with the gas su rif you are unsure.

e B. Delivery Pressure and/or Point-of-Use Pressure
 C. Flow, generally expressed in SCFH
(standard cubic feet per hour)

Check with the end user or consult installation and operating
manual for given piece of analytical equipment. “
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PRESSURE RATING CALCULATIONS FOR TUBING AND PIPING

Eormula
P+ Do
tm _
2 (SE + Pxy)
Where
m = Minimum Wall Thickness
P = Design Pressure
Do = Oublet Diameter of Tube or Pipe
SE = Allowable Stress
¥ = Temperature Coefficient
A = Threading Allowance
Stress Value for Common Tubes & Pipes
Material SE
Copper Pipe or Tube ASTM B280 5,000
Copper Pipe or Tube ASTM B75 5,000
Brass ASTM B16 13,000
Aluminum 6061-T6 ASTM B210 14,000
Steel ASTMATTS 15,700

Maonedl Alloy 400 ASTM B175 18,700

Abeve are stress values as published in ASME B31.3 for
temperature between -20°F to 100°F.

For welded and drawn tubing, a derating factor must be
applied for weld integrity:
- for double-welded tubing, mulliply pressure rating
by 0.85
- for single-welded tubing, multiply pressure rating
by 0.80

The SE values must be derated to comply to ASME

B31.1. The derating factors are different for each
material.

See Pg. 22

Example

A material lesting laboralory wanls 1o use an axisling
pipeline 1o test concrete compression resistance. You
are requested 1o verify If the existing pipeline is adequate
for the application. Hereunder is the data you have
been able to collect:

Conduit type: Tube

Material: Stainkess steal 304 (welded)
Qutside diameter: 0.500° Do = 0.500
Specification: ASTM A269 SE = 20000
Operating temperature: 70°F y= 04"
Operating pressure: 3500 psig P = 3500
Type of fittings: Compression A=Q

Actual wall thickness:  0.035"

[ 3500 x 0.500 ]
tm =[——— " —"— |08
| 2 (20000 + 3500 x 0.4) |

tm = 1750 x 0.8
42800

tm = 0.041 x 0.8

tm = 0.032

Existing wall thickness = 0.035"

0.032" < 0.035"

Conclusion, the existing tubing is not
adequate for the application.

Pipes & Tubes & Calc’s — OH MY!!!

FLOW
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FLOW CALCULATIONS FOR TUBING

UndersizedLines
will resultinhighp drops,
it difficultori supply the
quired gasp o the i il
Oversized Lines
-Anoversized line, by contrast, will ensure adequate
Butwill be ih ive oinstall

Accurate Flow Calculations
-Accurale flow calculationis an art asit has several

parameters o consider:
a) Mechanical: tlees, pipes, elbows
b} Fluid: Med waight, viscosity, comp
ﬂ] O i i

-Most accurate flow calculations are comveniently made
by computers

Elow Chart
-The table on the following page provides agood
estimate of polential flow through a given tube diameter
h an

d length of the pipeli

impact on oullet ow of air -

Gas & Temperature Compensation
-Tha type of gas molecule could greatly affect the flow: the

heavier he slower thay
pipe
= The temp ays an cleinth

output fiow: the warmer the molecules are the faster they
maveinapipe

Specific Gravity of Common Gases

Gas Specific Gravity
Alr 1.00
Argon 1.38
Carbon Dioxide 1.52
Carbon Monaxide 067
Helium 0.14
Hydrogen 0.07
Nitrogen 097
Oxmen 1.11

See Pg. 26

Formula
Correction Factor for Gases Other than Air (CEg)

Cg: 1—

9

Formula
Correction Factor for Temperatures other than 680°F

ct = [460 + T]
520

Formula
Correction Factor for Temperatures other than 16°C

ct, = [27315+T]
288.71

Example

Calculate distribution line size for carbon dioxide of 2000
SCFH at inlet pressure of 150 psig and a maximum
pressure drop of 5 psig per 100 feet at 80°F.

Specific Gravity of Carbon Dioxide:. .. ccocwioinannn 1.52
- ab | - Ll =

o [VE]-[VE] - o

2000 SCFH CO, = 2488 SCFH of Air at B0°F
0811

o, - Laeost] _ [a60+80] | a8
= 520 520 '

2466 SCFH X 1038 =  2562SCFH
of Air at 60°F of Air at 80°F
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Pipes & Tubes & Calc’s —OH M

OPPER PIPE & TUBE STAINLESS STEEL TUBE STAINLESS STEEL PIPE

PIPELINER

“SQUARE ONE THE

PRESSURE RATING OF COPPER PIPES & TUBES

Pipa - Copper - ASTM D280 - Type K Plpe - Copper - ASTM B280 - Typo L & ACR

MAX PRESSURE MAX. PRESSURE
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oE ) e ams 0308 [ " o oas ™
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MAX. PRESSURE
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U ggar oo 1136
i et
k 0.0 2
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158 008 188 u7
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PRESSURE RATING OF STAINLESS STEEL TUBES
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Pipes & Tubes & Calc’s — OH MY!!!

0 AN

“SQUARE ONE

FLOW CAPACITY OF DISTRIBUTION PIPELINES

Flow of Air at 60°F in SCFH
PRESSURE
INLET DROP PER 100 FT TU BE SIZE
PRESSURE OF TuBE
(esig) weig) 1w A L wm E "
w 1 20 "o 05 750 180 3040
5 L 0 L1 1700 2800 8800
0 ™ 550 1,300 2410 5100 2720
1 1 ] 245 50 1020 20 40
5 85 545 1,230 2280 4820 8100
10 a0 75 1,750 3,240 BAMD 1207
15 1 2 ] L 120 2580 a4m
™ Ly 1470 2% BITS W90
" 1 R FAL 3,880 LA 1040
200 5 BS T45 1,880 ERF B550 12450
10 125 1,060 2,360 4,43 8330 17,750
kL s 05 w0 2040 270 7.900 15070
0 150 1.280 2,800 5370 11,300 21480
400 5 125 1.040 2.340 4340 8180 17300
"0 we 1,470 330 6,160 12500 24650
500 L] 130 1,180 2,880 4040 10,440 mT00
0 180 1.880 3,780 7.020 1770 28,100
1,000 5 90 2,000 3,520 Tz 15,30 2000
" an AR b0 10330 210 M3
1,500 5 20 2,000 a5m 8470 17.000 3800
» 30 2880 650 12,040 2350 w200
2,000 5 265 2340 5270 BT 80 38,000
10 a0 3,320 7,500 13,800 25,200 55600
2,500 5 300 2510 {1,230} 5,890 10,520 23,700 {10 890) 42550 (20,531}
0 Az 3710 (1,748) 8,380 15,510 32650(15.382) 62100 (28,278)

See Pg. 27
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“ Question Review

Question #1: What is the application? A
Question #2: What are the gases required?

Question #3: What are my materials of
construction?

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

Question #5: What is the source of supply?



How do we control the system?

W
50V pRE©

@ 'Question #6: What type of manifold do |
need?

— How critical is the supply of gas to the application?
e Not critical, low demand... =) Protocol Station

* Not critical, higher demand...™» Simplex, Manual
Changeover

e Critical... =) Automatic Changeover
e Super-Critical... ™) Fully Automatic Switchover




Manifold Selection Chart

“SQUARE s P'PEE'E'ER “SQUARE ahiE PlPEEﬁlER

MANIFOLD SELECTION CHART

SINGLE REGULATOR MANUAL SWITCHOVER
AUTOMATIC SWITCHOVER BACK-UP SWITCHOVER FULLY AUTCMATIC SWITCHOVER
Switches over from an “In Use" side G always flow ressure switchover ess s ntrolle
to the “Stand-By" side by
regulator pressure differential

STATIONS
Stations are used in low flow applications.
They are smaller than Cabinet-Style or + ¥
A

Open-Style manifolds and less complex to

make as they require only small parts. PSB3000 Series 00 Series
In gqneral. Sl_almns are the most economical Protocol Stations. PDC3000 Series & PDC35IJ Senes BUS3500 Series Series
manifold option available. Pressure Differential Changeover ‘Automatic Changeover Back-Up Stations.

OPEN-STYLE MAN[IIF@)MDDS

Opsn-Styls manifolds allow the

frwaly adfust (he preesurs seltings and m
patiorm ths segusncs of valve closing

LA
PrOper
and epening. This requlres the epsrater 0 Series
ta b arvallabls and knewlsdgsabls sneugh Simplex Mani Simplex Center, Manually Oper; ver Manifokds
o warl with such equipment.

CRYOGENIC MANIFOLDS
Cryogenic manifolds withdraw cryogenic fluid
and deliver cryogenic fluid. Open-Style
manifolds, Cabinet-Style manifolds and
Stations are all withdrawing gas and delivering
‘gas. With a properly sized vaporizer and
regulator installed downstream ot a cryogenic
manifold, you can achieve flows (in gaseous
state) that other types of manifolds cannot

achieve. Also, liquid cylinders contain OLMS00 Series N
y more than high pr Operated, 0 Series i
gas cylinders, thus requiring less ﬂmrspar.e anifoids
See Pg. 16 & 17




Controlling the Gases

Pres suing ralisf DSRV Series
valves must vent DUAL SAFETY RELIEF
o & sals locaflon VALVE ASSEMBLY FOR
: HIGH FURITY FIFELINES

Pressire relial
valee muslvend
o & S8k locabon,

POEMINID Series
ALUTOMATIC
SWITCHOVER MANIFCLD

BUE3350 Series
AUTOMATIC SWITCHOVER
BACK-UIP STATION

<—See Pg. 18

{Typecal)

HBV3I000 Series
HIGH PURITY INSTRUMENTATION

BALL VALVES (Typical)

HELIUM

FCE3000 Series
FLLLY AUTOMATIC
CHANGEOVER STATION

Frassure rellaf
valve musl vent
1D 5 zafe localion

Presaune relid
valves must venl
o & safe localon




“ How do we SIZE the system?

» @f Question #7: How many cylinders do | need?

e Recall Question #4C... Flow Requirements

— On average, cylinder change-outs/delivery should be
no more than once/week.

— Example: Shimadzu GC2010
 Max flow of 1200mL/min
e 1200mL/min = 72L/hour = 2.54 cubic feet per hour (CFH)
e Recall, a standard helium cylinder contains ~ 300 cubic feet,

e 1 cylinder will last ~ 118 hours or 5 days

2 CYLINDERS TOTAL




How do we protect the system?

W
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*@f Question #8: What type of safety
equipment do | need? a
=

\

— Protect the gas control equipment

— Protect the analytical equipment

— Protect the people using the equipment



N

« ¥ Pipeline Protection O

=]

— Dual Safety Relief Valve Assembly
« PROTECT = PRESSURE RELIEF VALVES

ISOLATE = “SHUT-OFF” BALL VALVE

BY-PASS = DIVERTER VALVE/ISOLATION VALVE COMBO

» VENT/PURGE = “BLEED” Ball Valve

e Sample/Test Port

e Tie-In Port f-f(‘ ) J




Protecting the System

Pres suing ralisf DSRV Series
valves must vent DUAL SAFETY RELIEF
o & sals locaflon VALVE ASSEMBLY FOR
: HIGH FURITY FIFELINES

Pressire relial
valee muslvend
o & S8k locabon,

POEMINID Series
ALUTOMATIC
SWITCHOVER MANIFCLD

BUE3350 Series
AUTOMATIC SWITCHOVER
BACK-UIP STATION

<—See Pg. 18

{Typecal)

HBV3I000 Series
HIGH PURITY INSTRUMENTATION

BALL VALVES (Typical)

HELIUM

FCE3000 Series
FLLLY AUTOMATIC
CHANGEOVER STATION

Frassure rellaf
valve musl vent
1D 5 zafe localion

Presaune relid
valves must venl
o & safe localon




Protecting the Analytical Equipment

=
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. W Point-of-Use Equipment

— Precise Pressure Control

— Precise Flow Control

— Filtration/Purification

— Multiple Equipment Controls




 Protecting the Instruments
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“SQUARE ONE

SUGGESTED INSTALLATION:
GAS CHROMATOGRAPHY

MRP1000 Series

MRP1000 Series = MrP1000 Series

& POINT-OF-USE REGULATOR PANELS & POINT-OF-USE REGULAT OR PANELS POINT-OF U SE REGULATOR PANELS
G| 0|0 (reduces pipdine pressure down ko each @O || (reduces pipdine pressure down i each O |®|®] (reduces pipeline prssum down ko each
@ é @ required applealion ressue) é @ @ required apgicalion ressue) é é @ requined appecation pressure)
RN GAS R GAS sfbofe GAS
: . CHROMATOGRAPH ; N CHROMATOGRAPH : : CHROMATOGRAPH
EEI WITH FID EE'-‘ WITH FID WITH FID
-5_% : — = l % 2

HE[%

=
L] L] L]
C_J C ] C ]
L —C 1 L)

_I.|

_

U]}

s

i

=i

p-

1

L]
L]
L1

s odo b
3 " Veent valve musf be piped F L:* Venl valve musf be piped o “ il value must be piped
i & sake locabon 1o & safe locaBon &2 & sale localon
MPP250 Series MPPZ50 Series '!\(!vl' MPP250 Series
FURIFIER PANEL PURIFIER PANEL PURIFIER PANEL
{remowves iy drocarbons ) {mmoves hydrocabons) {remaoves mosiune,
axygen and hydrocarbons)




“ Protecting Personnel

 Audio/Visual Alarms

e Proper Signage o

* Gas Detection Equipment ~ -

* Voice Dialers L = T

* Flashing Beacons Ei—
FLAMMAEBLE GAS

e Fail-Safe Automatic Shut-offs | o suokine_

e Excessive Flow Shut-offs Q g& | g

e Gas Cabinets L |

f*l)



The code is as
clear as “MUD”!

Gas Cabinets

5 -@’ 'Question #9: Do | need a gas cabinet?

— - NFPA 55 is the standard for storage, use and
handling of compressed gases.
- NFPA 55 divides gases into 5 classes
e Corrosives {Section 7.5}
4] * Flammables {Section 7.6}

— HYDROGEN {Chapter 10}
Oxidizers {Section 7.7}

)
ﬂ

Pyrophorics {Section 7.8}

—_ = Things that make

Toxic & Highly Toxics {Section 7.9}  you go hmmm...

g e

]

.



How do | know what type of gas | am
dealing with?

“SQUARE ONE THE
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MATERIAL COMPATIBILITY CHART AND USEFUL GAS PROPERTIES
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Compressed Gas Classifications

=0

e Corrosives {Section 7.5}
— Ammonia, Chlorine, Hydrogen Sulfide, Sulfur Dioxide

e Flammables {Section 7.6}

— Hydrogen, Acetylene, Methane o~ ‘;;
e Oxidizers {Section 7.7} ) =
— Oxygen, Nitrous Oxide Y
* Pyrophorics {Section 7.8} ® 4
— Silane

e Toxic & Highly Toxics {Section 7.9}
— Ammonia, Carbon Monoxide, Chlorine



NFPA 704 Hazard Diamond

FLAMMAELE
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4 BExtrernely flamable 2 Ignites when moderately
3 lgn orrnal hizated
temperatures 1 Must be preheated to burn
0 %4l not burn

REACTIVITY

4 May detonate - Wacate
area it materials are
exposed to fire

3 Strong shock o heat may
detonate - Use monitors

lathin: rastEIE from behind explazive
2 Hs aus — Llse resistant barriers

i ,- i 2 Yiolent chemical
- change possible

: aedotre - Use hoze

] 1azardous . -

ordinary rmaterial EAIFSEIUES WPzl
distance

1 Unstable if heated
- Usze norral
precautions

0 Mormally stable

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
the 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.




55-14 COMPRESSED GASES AND CRYOGENIC FLUIDS IN PORTABLE AND STATIONARY CONTAINERS, CYLINDERS, AND TANKS

Table 6.3.1 Maximum Allowable Quantity of Gases per Control Area (Quantity
Thresholds for Gases Requiring Special Provisions)

NFPA 55

Unsprinklered Areas Sprinklered Areas
No Gas Cabinet, Gas Gas Cabinet, No Gas Cabinet, Gas Gas Cabinet,
.‘ Room, or Exhausted Gas Room, or Room, or Exhausted Gas Room, or
Material Enclosure Exhausted Enclosure Encl Exh 1 Enclosure
g S Corrosive Gas
- Liquefied 68 kg (150 1b) 136 kg (300 1b) 136 kg (300 1b) 272 kg (600 1)
Nonliquefied 23 m” (810 1) 46 m® (1620 1) 46 m” (1620 £ty 92 m® (3240 %)
Cryogenic Fluid
Flammable O L (0rgal) 170 L (45 gal) 170 L (45 gal) 170 L (45 gal)*
ThiS table applies tO ALL gases Oxidizing 170 L (45 gal) 340 L (90 gal) 340 L (90 gal) 681 L (180 galy
[ ]
Flammable Gas
Liquefied 114 L (30 gal) 297 L (60 gal) 297 L (60 gal) 454 1 {120 gal)
MAXIMUM ALLOWABLE QUANTITY Nonliquefied 28 m* (1000 fi*y 56 m* (2000 i) 56 m® (2000 1) 112 m* (4000 fr*)
OF GASES PER CONTROL AREA Highly Toxic Gas
Liquefied (4] k% (0 1b) 23 kﬁ (5 1b) 0 1:% (0 1b) 4.5 k% (10 1)
Eprinklerel:l Areas No Yes Nonliquefied 0 m” (0 fi?) 1.6 m” (20 f1*) 0m* (0 ) 1.1 m® (40 fc*)
Nonflammable Gas
s Liquefied No limit Nao limit No limit No limit
gas %bmet No Yes No Yes Nonliquefied No limit No limit No limit No limit
as Room, or
Oxidizing Gas
Exhausted Enclosure Liquefied 57 L (15 gal) 114 L (30 gal) 114 L (30 gal) 227 L (60 gal)
Corrosive Nonliquefied 43 m® (1500 %) 85 m* (3000 %) 85 m® (3000 ft%) 170 m® (6000 i)
Cryogenic Maximum allowable quantities Pyrophoric Gas
Liguefied 0 kg (0 1b) 0 kg (0 1b) 1.8 kg (41b) 3.6 kg (8 1b)
Flammable vary %:z?{;ﬁalll%l{:;g[}?cgﬁ;ﬁmﬂ us Nonliquefied Om® (0 ft") 0 np;g (0 ) 1.4 m” (50 fi*) 2.8 m® (100 ft%)
Highly Toxic : Toxic Cas
Nonflammable Liquefied 68 kg (150 Ib) 186 kg (300 Ib) 186 kg (300 Ib) 272 kg (600 1h)
Oxidizing Please consult NFPA 55, Nonliquefied 28 i (810 11 46 m® (1620 ) 46 m® (1620 fit) 92 m? (8240 )
Pyrophoric particularly Table 6.3.1 and Unstabie Reactive (Daionabie)
Toxi the entire Section 6 in Gas, Class 7 or Class 4
oxic general Liquefied 0 kg (0 1b) 0 kg (016 0.5 kg (1 1b) 1kg (21b)
uhsta ble - Nonliquefied 0w {0 ) 0w (0 ) 0.8 m” (10 ft:‘} 0.6 m” (20 I'rs]
Unstable Reactive (Nondetonable)
Gaas, Class 7
Liguefied 1 kg (2 1b) 2 kg (4 1b) 2 kg (4 1b) 4kg (81b)
Nenliquefied L4 m” (50 ft") 8 m® (100 %) 3 m* (100 i) 6 m® (200 %)
Unstable Reactive Cas, Class 2
Liquefied 114 L (30 gal) 297 L. (60 gal) 297 L (60 gal) 454 L (120 gal)
Nonliquefied 21 m® (750 %) 4% m* (1500 fi) 43 m* (1500 fr*) 85 m® (3000 f*)
Unstable Reactive Gas, Class 1
Liquefied No limit No limit No limit No limit
Nonliquefied No limit No limit No lirit No limit

Note: The maximum quantity indicated is the aggregate quantity of materials in storage

and wse combined.

*Agas cabinet or exhausted enclosure is required. Pressure-relief devices or stationary or
portable containers shall be vented directly outdeors or te an exhanst hood. (Ser 8.2.6.)
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GC Application — Hydrogen Use

e How much Hydrogen is required?

— 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

e 1 cylinder or 2 cylinders at most will be acceptable

— 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.

HYDROGEN

FLAMMARBLE GAS
MO SMOKING
| MO OPEM FLAME

]




 Safe Storage of Gas Cylinders

e
= STORAGE OF GAS CONTAINERS

AS PER NFPA. 55, IF ALL GASES
ARE NOT EXCEEDING THE MAXIMUM ALLOWABLE QUANTITY

2

‘The 20 ft distance can be reduced without
limit when separated by a barrier of noncombustible
materials at least 5 ft high that has a fire-resistant

rating of at least 1/2 hour*

g &

Toxic or
Highly Toxic
(ex.: Carbon Monoxide)

201t

D>

Monflammable 20 ft Oxidizer Flammable Unstable Corrosive
{ex.: Nitrogen) {ex.: Oxygen) (ex.: Hydrogen) reactive {ex.: Ammaonia)
Mo separation v class 2, 3, 4 20 ft from all
(ex.: Di-Methyl Amine) other types
20 ft from

all other gases

reguired ﬁ

Pyrophoric
(ex.: Silane)
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GC Application — Cylinder Location

Pressire naliel DSRY Series
valves must vend DUALSAFETY RELIEF
o & sale localion WALVE ASSEMELY FOR

: HIGH PURITY PIPELINES

{Typecal)

Presaure relid
value muel venl
> & sale localon,

POSMI00D Series
AUTOMATIC
SWITCHOWER MANIFOLD

BUSI350 Seres
AUTOMATIC SWITCHOVER
BACK-UP STATION

Fressure relief
valve must venl
o & 2afe locabon

FLLLY ALITOMATIC
CHANGEOWER STATION

HEV3000 Series
HIGH PURITY INSTRUMENTATION

BALL VALVES (Typical

HELIUM

FCE3000 Serins

Pressure relial
valvees must ven
o & zafe locabon




“ Question Review

Question #1: What is the application?
Question #2: What are the gases required?

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

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

Question #6: What type of manifold/equipment do | require?
Question #7: How many cylinders do | need?

Question #8: What type of safety equipment do | need, in
order to protect the both gas control and analytical equipment
and the personnel using them?

Question #9: Do | need a gas cabinet?
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THE

PIPELINER

ﬂSQUARE ONE

POINT-OF-USE QUESTIONNAIRE

Purpose of this questionnaire

Questionnaire filled by Date

We are currently in the design stage of a high purity gas
delivery system. The purpose of this questionnaire is to
gather information on the gas requirements of the
analytical equipment, process or experiment. The goal
is to make sure to supply each application with gas atthe
appropriate quality, flow and pressure. Would you
please fill out this questionnaire to the best of your
knowledge andreturnitto:

Telephone number

e-mal address

Laboratory name, department, section

Please use one questionnaire per analytical equipment,
process or experiment.

Description of your application

Analytical equipment, description of experiment or process (please provide: Tag no., name, type of detector, brand of equipment, model number)

Building name or number Room number

Is it an existing or a new requirement? Is it a temporary or a p q 7 If porary, for how long?

Gas 1 Gas 2 Gas 3 Gas 4

Gas name Gas name Gas name Gas name

Minimum purity (gas grade or 85)  Minimum purity (gas grade or 83)  Minimum purity (gas grade or 8s)  Minimum purity (gas grade or 9s)

Impurities to avoid Impurities to avoid Impurities to avoid Impurities to avoid
Temperature Temperature Temperature Temperature
Purpose Purpose Purpose Purpose

Supply pressure Supply pressure Supply pressure Supply pressure

Flow (peak and per week) Flow (peak gnd per week) Flow (peak and per week)

Flow (peak gnd per week)

Please note any additional information or special requirements. If required, please attach another sheet to this document

See Pg.8 &9

“SQUARE ONE

THE
PIPELINER

GAS REQUIREMENT WORKSHEET

Identification

Worksheet filled by

Telephone number

e-mail address

Laboraltory name, department, section

Building name or number

This worksheet is provided as a guideline only. Thedata
should be compiled on an electronic spreadsheet such
as Excel.

In order to better determine the pipeline diameter, the
maximum peak flow for all applications must be
considered.

Gas 1 Gas 2

Gas name Gas name

Minimum purity (gas grade or 9s)  Minimum purity (gas grade or 9s)

Impurities 1o avoid Impurities to avoid
Temperature Temperature
Purpose Purpose

Pipeline pressure Pipeline pressure

Laboratory / room / department Taq / equipment / process Weekly flow Weekly flow
Laboratory / room / department Tag / equipment / process Weekly flow Weekly flow
Laboratory / room / department Tag / equipment / process Weekly flow Weekly flow
Laboratory / room / department Tag / equipment / process Weekly flow Weekly flow

Total - Weekly flow (cyl. per week) Total - Weekly flow (cyl. per week)

Pipeline size Pipeline size

Manifold type Manifold type




SUMMARY

“SQUARE ONE

PIPELINE DESIGN - KEY POINTS

“SQUARE ONE

THE
PIPELINER
PIPELINE DESIGN - KEY POINTS (CONT.)
CYLINDER GAS PIPELINE PIPELINE FILTRATION J POINT-OF-USE WARNING
STORAGE DELIVERY TYPE TIE-IN CONTROL &
EQUIPMENT KIT SAFETY
Quantity of Sprinkler Is gas supply Material Supply Removal of: Pressure Gas
different gases available interruption compatibility isolation reducing detection
(Flow rates) allowed? (hard & soft) valve Particles and control
Voice
Gas cabinet, Desired pipeline Purity level Emergency Oxygen Flow dialer
Grade gas room, or pressure requirements tie-in measurement
(aka Purity) exhausted area per gas (installer) valve Moisture and control Excess
for each gas flow
Quantity for Flow requirement Flow requirement Pipeline Hydrocarbons Final shut-off
Cylinder size each gas per gas per gas pressure relief filtration
for each gas (equipment Cv) (diameter) valve Carbon dioxide Fail safe
Multiple automatic
Exceed or within Purity level Pipeline Pipeline delivery point shut-off
Maximum required pressure pressure valves
Allowable Quantity per gas (wall thickness) gauge System
Trap and filter alizer
Segregation Cylinder supply Pipe or Vent change out
by gas type status tube? valve valves: Signage
Explosion Joints Gas Inlet isolation
control brazed service
requirements soldered outlet Service isolation
compression
Don’t forget space flared Vent
for full and empty threaded
cylinders welded By-pass
Optimized gas Design meets Select the proper Select the proper Provide pipeline Maintain integrity Provide ease Provide notification
supply mode NFPA 55 Square One manifold pipeline type protection and of the pipeline of gas control at
will require one Standard for each gas to meet for each gas serviceability
delivery of cylinders application needs to meet
per week application needs

to key personel
of system
malfunction

each point-of-use
Allow easy and
contamination-free
filter change-outs

Meet NFPA 55




. Questions or Comments
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We appreciate your time.

Thanks for attending!



