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PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment or device is contained within, or that abnormal or unusual circumstances may not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.
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NOTE—Technical changes from the previous edition are underlined.
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All materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any information
storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for
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Documents

Document Sharing Hub

Full document details: CGA G-8.1-2024


http://www.avadocuments.com/doc/cga-g-8-1-2024
http://www.avadocuments.com/doc/cga-g-8-1-2024

CGA G-8.1—2024 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S 101 (oo [8 o3 o] o DU PSP PPPPI 1
. oo ] o 1= T SRR P PP 1
B T 1= 1o T3 T SRR 3
N O 1H (o g TS3R= g o Y17 11 o 1SR 4
g I O - =T Y =) o R 4
4.2 WAINING SIGNS ...ttt e e e et e e e bt e e e et et e e e seeee e easn e e e e ae b et e e e nr e e e e anae e anreeeearreeenns 5
ST 1= o1 {13 OSSR 6
6 Location of large volume Nitrous OXide SYSIEMS........uiiiiiiiiiiiiiiiei e e e e e s e enraareeeaeeean 7
LT I 1= g =T | PSPPSR 7
8.2 ACCESSIDIILY ... e e e e e e e e anr e e e e e e e 8
(T T S =1 = o i (o T 0] {0 =T = o] = o [ PSR 8
6.4  Lower than adjacent STOrage ...........ueiiiiiiiii e 8
7 Distance between large volume nitrous oxide systems and eXPOSUIES ...........uueeveeeiiiiiiiieeeeeeeeiciieneeeaeesananes 8
71 MINIMUM QISTANCE......eeiiiii et e e e e ettt e e e e e et e e e e e e e e s snbbe e e e s s annbbeeeas 8
7.2 SpecCial CONSIAEIALIONS. ... .ceiiiiiiiiiiiiee et e e e s e e e e e e s seaa e e e e e e e s s sanstreeeeaeesannsraeeeaaeeann 8
7.3 Ventilation iN @NClIOSEA @reas ..........cciiiiiiiiiiiiiiii e e e e st e e e e e s s s reeeaeaeeeas 8
8 Stationary low pressure liquid nitrous oxide CONtAINErS .............oiiiiiiii e 10
S T 1= T3 T | SR 10
L T S (= To (011 =10 =Y o] £ TR P PRI 10
S TR R | =10 = o o USRS 10
S |V = T = PP 10
8.5  Supports and FOUNALIONS ...ttt e e e e e e e e eneeeeeanes 10
8.6 StOrage tank PreSSUMES ........cciiiiiiii ittt et e et et 10
LS T AV - o T - Y PSR 11
8.8  Additional reqQUIrEMENTS...........oooiiii 11
9 Portable Nitrous OXide CONTAINETS ...ttt e e e s anb e e e e e e s 11
1S It B @7 o1 c= 1 a1 o = To (U1 =T 0 g T=T o PSSR 11
LS 02 |V = o ([T OSSO PPPRRT 11
LS IR B O 10 710 [SIK] (o] =T [ R 11
S I | Yo [T (o] = To [ RPN 11
9.5  Separation Of StOr@d GASES .....ceiiuiiiii et e e e et e e e e nne e e anneeeean 11
0.6 RESICIEA GCCESS .ottt e e e ettt e e e e e e e bbbttt e e e e s e e nbbtb et e e e e s annrreeeaaee s 11
10 High pressure nitrous oxide manifold SYSTEMS .......... i 11
L0 TR € 7= 4 =T = | SRS 11
L0 ISZ A o o7 11 ] o PP SPPP 12
10.3 Gas capacity for indoor iNStallations............c..oii e 12
10.4 Systems Of [arger CAPACIY .........cccuiiiiiiiiie e 12
10.5 AdditioNal FEQUIMEMENTS .......oiiiii it e e e s s b e et e e e e e e enbe e e e e e e s s annrreeeas 12
R 1o Yo N (8] ][ aTo TR=Ta o I ] o < USRS 12
I TR € 7= o =Y = SRR 12
(2 o 1T =T To IR (8 o1 o o R SPRR 12
T1.3  PressUre FelIEf ...ttt e e e e e ettt e e e e e e e s e e e e e e e e annnreeeas 12
R 1= Y- T 1 o PSR 13
LIS T WeTe = (o] o I O PO P R PPPPPPPPPN 13
L LS T T aTo SSPSRRSRSR 13
B A S =Y oAV g o o] o) (=3 o o T SPRP 13
T1.8  SHULOFf VAIVES ..ottt et e e et e e e e e e e e e emee e e e s aneeeeameeeeeaneeeeanns 13
11.9  Labeling @nd Marking ........coocueeieiier ettt 13
11.10 Final system cleaning and te€StiNG ...........coiiiiiiiiiiie e Docu.ments

Document Sharing Hub

Full document details: CGA G-8.1-2024


http://www.avadocuments.com/doc/cga-g-8-1-2024
http://www.avadocuments.com/doc/cga-g-8-1-2024

PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA G-8.1—2024

12 Pressure reduCing FEQUIATOTS .........uiiiiiee e e et e e e e e e et e e e e e e s et eeaeeesensssbaaeeaaeesstsaneaaaaeeannnnnnnns 13
2 R €T o 1= o= RSSO 13
12.2  Testing, repair, and MaINTENANCE ........cciiiiiiiiiiieie et e e e e e e e e e e e s e et aeeaaeesesssnareeeaeeeeesssraees 13
12.3  Union NUES @nd CONNECHIONS ..ottt e e e s ab bbb e e e e e s eanaeeeeeas 14

13 Pressure relief QEVICES ......o e ittt ettt e et e e e et e e e e et e e e s nee e e e eseeeeannsee e e nneeeaaanneas 14
LS Tt R €T o =T - U 14
LRSI V=T o | (] T IO OO PP PSR PP PUPPPPPPPPI 14
LR TR o (o (Yo (1] o RSSO 14

14 Liquid NItrOUS OXIAE VAPOFIZETS ... .uviiiiieei ittt sttt e e e e e ettt e e s s et eeea e e s aa st eaeeeeaeeeesnntsaeeeaeessassseneeas 14
L TR € 7= o =Y - | SURSSURRR 14
T4.2 INSTAIATON ..ot 14
T4.3  PreSSUIE FEIET ...ttt et e e et e e e et e e e e neeeeeanseeeeanseeeeaaneeeeanneeeeaannneaanns 14
(R o == i g T I 0 T=To 11U o o TS SSPPR 14

15 Equipment assembly and installation ..............ooiii oo 14
LS TR € 7Y o 1= = | SURSSORRR 14
LR 3Z2N [ 1o 1 g T =T o To IR=1= Y- 111 T SRR 15
T5.3  ACCESSOMIES ittt ettt ettt e e oo e s e bbbt e e e e e e oo a bbbttt e e e e e oo h b bbb et e e e e e e e n bbbt e et e e e e e e aaeeeeeeeeenannneees 15
(R S T o 1= =] o o P RSPPR 15
LRSI = 1] T OO U PRSP R OPTPPRPPRR 15
RS TG o (o] (=Tox 1o o I SRR 15
LRSI A A= 0111 =1 1T o F PP PUPT P 15

TSI O] o= = il Vo 70 1 8T T o TSRS 15
L 200 B o= oo g =1 o1 1 /U SPPR 15
(T2 I - 11 011 Vo T PP PP UPPPP PP 15

A .= 111 (=1 g =T o SR 15
17.1  Annual inspection and maintenancCe ................ccoooe i 15
LA o 141 o TU S i1 o] = SRR 15

R C T o T=) e |l o = Toz= LU ] (o) o =TSSR 16
(RS T B =T (o R o g (Y= 1= Vo [ TP REPPR 16
T8.2  ClEANIINESS ... ettt ettt oot e e ettt e e ettt e e ea s et e e e e nneee e e aneeeeeeaneeeeeaneeeaaneeeeeanreeeaan 16
T8.3  OPENING VAIVES ....ceiiiiiiiiitiieiii ettt e e e e ettt e e e e e e bt aa et e e e e e e aaanbbeeeeeeeeeaaansseaeaeeesaansnbeneeas 16
18.4 RemOVal Of FEQUIALOIS ........ooiiii it e e e e e s et e e e e e e s e e ns b aeeeeeeseennnannneeas 16
T8.5  LBAKAGE ... ettt et b e et e e e e e e sanneeea 16
18.6  Safety INfOrMALION.......cci e e e e e e e s e e e e e e e s e snrte e e e e e e ennrnnaees 16

LRSI =) =T =T oo PO 16

Tables

Table 1—Physical constants Of NItFOUS OXIAE ........eeiiiceiiiiiiie e e e e s e e e ae e s e snrraeeeaaeeeas 2

Table 2—Properties of saturated IQUI ... e e e e as 3

Table 3—Minimum separation distance between outdoor stationary insulated liquid nitrous oxide containers
= ol = (o To 1T UL =Y U 9

Figures

Figure 1—Warning sign for SUPPIY ENCIOSUIE ..........cciiiiiiiiiiiee e 5

Figure 2—Warning sign (confined area/limited @CCESS).......uuieriiiiie i 5

Figure 3—NFPA hazard label for nitrous oxide liquefied compressed gas.........cccccceeviiiiiiiiiiee e 6

Figure 4—NFPA hazard label for nitrous oxide refrigerated liqUid...........c.ccooriiiiiiiiiiii i 6

Figure 5—Pressure relief device INStallation ..............ooiii i 12

Documents

Document Sharing Hub

Full document details: CGA G-8.1-2024


http://www.avadocuments.com/doc/cga-g-8-1-2024
http://www.avadocuments.com/doc/cga-g-8-1-2024

CGA G-8.1—2024 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

At atmospheric pressure and temperature, nitrous oxide is a colorless, practically odorless, tasteless, and non-
toxic gas about 50% heavier than air. It is quite soluble in water, vegetable oils, and other liquids. Its main use is
as an anesthetic. It is also used as a propellant in pressure package containers, in analytical instruments, as a
leak detector, and in other specialized applications.

Nitrous oxide is available in the compressed, liquefied form either in high pressure containers or low pressure
insulated containers conforming to the specifications of the U.S. Department of Transportation (DOT), Transport
Canada (TC) orin relatively low pressure bulk containers maintained at reduced temperatures. Below the critical
point of 97.7 °F (36.5 °C) liquid nitrous oxide is in equilibrium with its vapor at a pressure dependent upon the
temperature. For specific data see the Handbook of Compressed Gases [1]." Under normal conditions of storage
and use, nitrous oxide is stable in both gas and liquid phases and is noncorrosive. It does not form an acid in
water.

As with oxygen, ignition of combustible materials can occur more readily in a nitrous oxide-enriched atmosphere
than in air with combustion proceeding at a faster rate. Nitrous oxide also decomposes exothermally under con-
ditions of high temperature and pressure. If sufficient heat is added, the decomposition can be self-sustaining
and with the resulting high temperature and pressure, the nitrous oxide can explode. Refer to CGA G-8.3, Safe
Practices for the Storage and Handling of Nitrous Oxide [2]. Therefore, this standard provides primarily for pro-
tection of the nitrous oxide system from fire from sources apart from the system itself. It is important to locate
nitrous oxide systems in well-ventilated locations since nitrous oxide-enriched atmospheres can collect tempo-
rarily in confined areas in the event of the functioning of a pressure relief device (PRD) or leakage from the
system.

The properties of nitrous oxide are shown in Tables 1 and 2.

2 Scope

This standard covers the general principles recommended for the installation of nitrous oxide systems on medical
or industrial customer premises.

Such systems consist of a central supply, which can be either cylinders connected to a common manifold or bulk
liquid containers and the associated equipment and piping required for connecting the central supply to the line
supplying the nitrous oxide to the point of use.

The authority having jurisdiction (AHJ) may authorize the continued use of an existing nitrous oxide system,
which is not in strict compliance with the provisions of this standard, where such continued use will not constitute
a hazard to life or adjacent property.

This standard does not apply to nitrous oxide manufacturing plants and normally does not apply to distributor
bulk stations. However, where distributor bulk stations interface closely with business or facilities unrelated to the
handling of nitrous oxide, or where the general public can be exposed to such bulk facilities, the applicable safety
provisions of this standard shall be followed.

Additional requirements for nitrous oxide systems are contained in NFPA 99, Health Care Facilities Code, NFPA
55, Compressed Gases and Cryogenic Fluids Code, and CSA Z305.1, Nonflammable Medical Gas Piping Sys-
tems [3, 4, 5].
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Table 1—Physical constants of nitrous oxide

U.S. Units S| Units

Molecular weight 44.0128 44.0128
Density of the gas

at 59 °F (15.0 °C) and 1 atm 0.1172 Ib/ft® 1.877 kg/m?®

at 70 °F (21.1 °C) and 1 atm 0.1146 Ib/ft® 1.947 kg/m?®
Specific gravity of the gas at 70 °F (21.1 °C) and 1 atm (air = 1) | 1.5297 1.5297
Specific volume of the gas

at 59 °F (15.0 °C) and 1 atm 8.538 ft¥/Ib 0.533 m3/kg

at 70 °F (21.1 °C) and 1 atm 8.726 ft3/Ib 0.5447 m3/kg
Density of the liquid at boiling point and 1 atm 76.6 Ib/ft? 1227 kg/m?®
Boiling point at 1 atm -127.0 °F -88.3°C
Melting point at 1 atm -131.5°F -90.8 °C
Critical temperature 97.7 °F 36.5°C
Critical pressure 1051 psia 7246 kPa, abs
Critical density 28.15 Ib/ft® 450.4 kg/m?®
Latent heat of vaporization

at boiling point 161.8 Btu/lb 376.3 kJ/kg

at 32 °F (0 °C) 107.5 Btu/lb 249.9 kJ/kg

at 70 °F (21.1 °C) 77.7 Btu/lb 180.6 kJ/kg
Latent heat of fusion at melting point 64.0 Btu/lb 148.9 kJ/kg

Specific heat of the gas at 59 °F (15.0 °C) and 1 atm

Co 0.207 Btu/(Ib)(°F) 0.866 kJ/(kg)(°C)
C, 0.158 Btu/(Ib)(°F) 0.665 kJ/(kg)(°C)
Ratio of specific heats, C,/C,at 59 °F (15.0 °C) and 1 atm 1.303 1.303
Solubility in water, vol/vol, at 1 atm
at 32 °F (0 °C) 1.3 1.3
at 68 °F (20.0 °C) 0.68 0.68
at 77 °F (25.0 °C) 0.59 0.59

Viscosity of the gas
at 32 °F (0 °C)
at 80 °F (26.7 °C)

0.0326 Ib/(ft)(hr)
0.0360 Ib/(ft)(hr)

0.135 x 10~ Pa(s)
0.149 x 10~ Pa(s)

Thermal conductivity of the gas
at 32 °F (0 °C)
at 212 °F (100 °C)

0.0083 Btu (ft)/hr(ft2)(°F)
0.0135 Btu (ft)/hr(ft2)(°F)

0.0144 W/m(°C)
0.0233 W/m(°C)
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Table 2—Properties of saturated liquid

Temperature Vapor pressure Density

°F °C psi kPa Ib/gal kg/ m?
-127 —-88 0 0 10.70 1280
-120 -84 4 30 10.56 1270
-100 —73 20 140 10.16 1220
-80 —62 43 300 9.89 1190
—60 -51 76 525 9.43 1130
—40 —40 122 845 9.09 1090
-20 -29 188 1300 8.76 1050
-10 -23 225 1550 8.40 1010
-5 -21 240 1655 8.34 999
0 -18 260 1790 8.23 986
5 -15 290 2000 8.13 974
10 -12 315 2170 8.02 961
15 -9 345 2380 7.90 947
20 -7 365 2515 7.83 938
30 —1 430 2965 7.58 909
40 4 490 3380 7.37 883
50 10 565 3895 7.09 849
60 16 655 4515 6.77 810
70 21 735 5070 6.45 773
80 27 840 5790 5.98 77
90 32 945 6515 5.44 652
98 37 1040 7170 3.78 453

3 Definitions
For the purposes of this standard, the following definitions apply.
31 Publication terminology

311 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-
mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

313 May
Indicates that the procedure is optional.

314 Will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions

3.21 Combustible liquid
Liquid having a closed cup flash point at or above 100 °F (37.8 °C).
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