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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 website, 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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1 Introduction

This publication is one of a series compiled by the Compressed Gas Association, Inc., to meet the demand for
information on the production, transportation, handling, and storage of carbon dioxide in gaseous, liquid, and
solid states. There are other CGA publications that provide similar information on other products.

This publication addresses the hazards specifically associated with insulated liguid carbon dioxide systems at
user sites with individual containers each greater than 1000 lb liquid capacity [1].!

CGA G-6, Carbon Dioxide, contains information critical to safe storage and handling of carbon dioxide [2]. To
ensure personnel safety and proper system design, reference to CGA G-6 is highly recommended. Without ob-
taining CGA G-6, the reader will not be provided significant information related to the physical properties and
common hazards associated with storage, production, transportation, and handling of carbon dioxide.

2 Scope and purpose
2.1 Scope

This publication covers the design, location, installation, operation, and maintenance of large insulated liquid
carbon dioxide supply systems located at user sites where each container has a liquid capacity of greater than
1000 Ib. Industry often refers to these as bulk systems. The system covered is from the container fill connections
to the user’s process piping.

It also contains minimum requirements and recommended practices for the design, construction, installation,
operation, and maintenance of such systems.

This publication is intended to serve as a guide for regulatory authorities in writing regulations and to assist
designers, inspectors, and other interested parties.

Small, stationary, insulated carbon dioxide systems with containers having individual capacities of 1000 Ib or less
and designed, manufactured, and certified in accordance with ASME Boiler & Pressure Vessel Code, Section
VIII, Division 1 requirements are not covered by this publication, refer to CGA G-6.5, Standard for Small Station-
ary Insulated Carbon Dioxide Supply Systems [1, 3].

Stationary, uninsulated carbon dioxide systems are outside the scope of this publication.

NOTE—Many of the provisions and design philosophies in this publication apply to storage units in production and depot
service. However, the operation, operating conditions, and control systems of those units may require further engineering,
controls and safety equipment than required by storage units at a user site.

2.2 Purpose

The purpose of this publication is to provide a standard for stationary insulated liquid carbon dioxide storage and
supply systems at user sites.

3 Definitions

For the purposes of this publication, the following definitions apply.

3.1 Publication terminology

3.1.1 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.

. | Documents
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3.1.3 May
Indicates that the procedure is optional.

3.1.4 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 Approved
Acceptable to the authorities having jurisdiction.

3.2.2 Appurtenances
All system components (excluding the container) such as pressure relief devices (PRDs), liquid level gauges,
valves, pressure gauges, vaporizers, refrigeration systems, pumps, control equipment, and regulators.

3.23 ASME Code
American Society of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code [1].

3.24 Authorities having jurisdiction (AHJ)
Local, state, provincial, federal, or other bodies having regulatory authority over the equipment being installed or
used.

3.2.5 Capacity
Maximum weight of carbon dioxide a container holds when filled to the proper level.

NOTE—Density commonly used in this calculation is for liquid carbon dioxide at 0 °F (—17.8 °C). Weight of the vapor portion
of the container volume is usually not included.

3.2.6 Container
Insulated pressure vessel, ASME-coded, for the storage of carbon dioxide.

3.2.7 Design pressure

Highest pressure that the inner pressure vessel is designed to sustain in operation at the maximum allowable
working pressure (MAWP). This is the sum of the MAWP, static liquid head when full, and any outer vacuum
pressure if vacuum insulated.

3.2.8 Insulation
Method to reduce the heat transfer from ambient temperature to the refrigerated liquid, typically by either foam
or a vacuum space.

3.2.9 Maximum allowable working pressure (MAWP)
Maximum gauge pressure permissible at the top of a container in its operating position for a designated temper-
ature [1].

3.2.10 Minimum design metal temperature (MDMT)
Lowest temperature at which a container is designed to operate at a given pressure [1].

3.2.11 Operating pressure
Pressure at which the system normally operates, as distinguished from design pressure.

3.2.12 Pressure relief device (PRD)
Device that activates by pressure to prevent pressure from increasing greater than a predetermined maximum.

3.2.13 Qualified carbon dioxide technician

Individual who by reason of education, training, and experience knows the properties of carbon dioxide; is familiar

with the equipment used to store, transfer, and use carbon dioxide; and understands the precautiops necessar

to safely use carbon dioxide equipment. ﬁO&U ments
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3.2.14 Snow horn
Device to flash liquid carbon dioxide to dry ice snow at atmospheric pressure.

NOTE—See Figure 18 which shows a snow horn permanently attached to the user storage tank.

3.2.15 Vapor balance

Tank connection that is used to prevent overfilling and overpressurization. See CGA G-6.4, Safe Transfer of
Liquefied Carbon Dioxide in Insulated Cargo Tanks, Tank Cars, and Portable Containers for more detail [4]. The
vapor balance line is open to the vapor space of the tank at the maximum fill level. See 5.7 and Table 1.

4 Physiological effects of carbon dioxide

For information on the physiological effects of carbon dioxide, see CGA G-6 [2].

5 Hazards

Although all hazards shown in CGA G-6 are applicable to these installations, dry ice blocking/plugging and
trapped liquid are hazards more prevalent with insulated liquid carbon dioxide systems at user sites [2]. Inade-
quately pressurizing or depressurizing systems or portions of systems have the potential for dry ice formation
and line blocking. For information on these and all hazards of carbon dioxide, see CGA G-6 [2].

5.1 Trapped liquid

When liquid carbon dioxide is forced to occupy a fixed volume such as between two closed valves or within a
valve, the pressure will increase as the carbon dioxide warms and expands. As long as there is a vapor space in
the valve or pipe, the pressure rises about 5 psi per °F (62 kPa per °C).2 When the pipe or valve becomes liquid
full, the hydrostatic pressure rises at the rate of 80 psi per °F (990 kPa per °C). As the temperature continues to
increase, the pressure of the trapped liquid can exceed what the piping and hoses can withstand. This can cause
the rupture of the hose or piping with possible injury and property damage.

To prevent trapped liquid from becoming a hazard, all liquid carbon dioxide piping and transfer lines shall be
equipped with PRDs located in all parts of the system in which liquid can be trapped such as between valves,
check valves, and pumps. These PRDs shall be set to discharge within the design pressure of the part of the
system they protect.

PRDs on liquid lines should be installed with a vapor trap communicating to the top of the liquid piping. The PRD
should be installed so that rain and condensed water does not accumulate and freeze (see Figure 1). PRDs
should discharge outside in a well ventilated area and not in a location that could injure someone near the area.

To prevent trapped liquid from becoming a hazard in ball- and gate-type valves, they shall be adequately de-
signed to prevent liquid carbon dioxide from being trapped within the valve.

5.2 Trapped solid (dry ice and water ice) in discharge and blowdown piping

The design of piping and/or mufflers for the discharge of liquid carbon dioxide to atmosphere shall be carefully
configured to prevent blockage with dry ice, water ice, or a combination of both. For additional information, see

CGA G-6 [2].

2 psi, bar, and kPa shall indicate gauge pressure unless otherwise noted as (psia; bar, abs; and kPa, abs) for absolute pressure
or (psid; bar, dif; and kPa, dif) for differential pressure. All kPa values are rounded off per CGA P-11, Guideline fom@wments
in the Compressed Gas Industry [5].
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Pressure
relief
device
Accumulated
water ice
Preferred

Incorrect

with vapor trap
Figure 1—Examples of incorrect and preferred installation of PRDs on liquid lines
5.3 Personnel overexposure

When carbon dioxide is used in an enclosed area, ventilate the area adequately to maintain a safe working
environment for personnel. Carbon dioxide in the gaseous state is colorless and odorless and not easily detect-
able. Since gaseous carbon dioxide is 1.5 times denser than air, it will be found in greater concentrations at low
levels. Therefore, ventilation systems should be designed to exhaust from the lowest level and allow make-up
air to enter at a higher point. Do not depend on measuring the oxygen content of the air alone because elevated
levels of carbon dioxide can be toxic, even with adequate oxygen for life support. For additional information, see
CGA G-6 and CGA P-41, Locating Bulk Liquid Storage Systems in Courts [2, 6].

5.4 Low temperature effects on materials

Depressurization of a liguid carbon dioxide system can result in low temperature liquid carbon dioxide and/or the
formation of dry ice placing the container, piping, and hoses in an upset condition colder than the system design
temperatures. Refer to CGA G-6.7, Safe Handling of Liquid Carbon Dioxide Containers that Have Lost Pressure,
for_guidance in_handling liguid carbon dioxide containers that have lost pressure and have cooled below the
minimum design metal temperature (MDMT) [7].

Many materials safe to use at normal liquid carbon dioxide temperatures become brittle and can fail if stressed
while subjected to dry ice temperatures (—109.3 °F [-78.5 °C]). Materials used in the construction of carbon
dioxide transfer systems including hoses shall be compatible with carbon dioxide and the full range of tempera-
ture and pressure conditions encountered.

Piping systems subject to operating temperatures below ambient will contract. Allowances shall be made in piping
and support systems to compensate for these changes in dimensions. Commonly used copper tubing will shrink
approximately 1 in per 100 ft for every 100 °F (2.5 cm per 30.5 m for every 55.6 °C) reduction in temperature.
For more information on piping systems, see 8.3.

5.5 High volume vapor removal

High volume vapor removal from the container either by the opening of a PRD or high vapor use can cause
cooling below the MDMT. When this condition is reached, readings can occur on liquid level and pressure gauges
incorrectly indicating an empty condition in the container. A layer of dry ice can remain in the bottom of the
container resulting in temperatures as low as —109.3 °F (—78.5 °C). Containers operating below the MDMT should
be temporarily removed from service. Returning the container to service shall be done only by knowledgeable
and trained personnel, refer to CGA G-6.7 [7].

Preventing excessive vapor removal requires the system to include properly sized vaporizers, see 6.6.

Documents
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Examples of conditions that might cause excessive vapor removal include, but are not limited to:

e PRD failure

e  Pressure building vaporizer failure,

e Customer increased usage or demand,

e Inadequate vaporizer capacity, and

e Valve misalignment.

Shutoff and warning devices should be installed to prevent excessive vapor removal. See the following for rec-
ommended devices.

5.5.1 Backpressure regulating valve

Install a backpressure requlating valve on the vapor use line, set greater than or equal to a pressure correspond-
ing to the MDMT of the container (200 psi [1379 kPa] setpoint for an MDMT of —20 °F [-28 °C]). The reqgulator
would close at container pressures no less than the corresponding minimum designed allowable operating tem-
perature, shutting off flow of carbon dioxide from the container.

5.5.2 Low pressure alarm

Install an audible and/or visual low pressure alarm connected to the container head space to locally alert the
operator of low container pressure. This is typically set at a pressure corresponding to a temperature greater
than the MDMT and less than the pressure-building vaporizer range to allow the operator time to apply corrective
action.

5.5.3 Remote monitoring

Install local or external telemetry that will generate a low pressure alarm at a monitored location in order to
dispatch a carbon dioxide technician to diagnose the cause of the low container pressure.

5.6 Overfilling containers

When liquid carbon dioxide is stored in a container with little or no product withdrawal, heat leak causes the
temperature and pressure to increase and the liquid to expand. As long as there is a vapor space in the container,
the pressure increases approximately 5 psi per °F (62 kPa per °C). When the container becomes liquid full, the
hydrostatic pressure increases at the rate of 80 psi per °F (990 kPa per °C). Table 1 and Figure 2 illustrate this
phenomenon with data for pressure increase in a container originally filled to 92.6% with —20 °F (—28.9 °C) liquid
carbon dioxide. Although storage containers are generally equipped with refrigeration systems to maintain the
liquid temperature near 0 °F (—17.8 °C), power failures can occur. Small and portable containers are not equipped
with refrigeration. All storage containers can potentially become liquid full.

To prevent undue stresses to the container and nuisance cycling of the PRD with consequent product loss, liquid
carbon dioxide storage containers should not be filled to a level that allows them to become liquid full before
reaching the PRD setting, which is generally 350 psi (2410 kPa).

Typical symptoms of over filling containers include the refrigeration unit operating but not decreasing pressure,
erratic level gauge operation, and excessive frost on vapor lines. Contact the supplier or a qualified carbon diox-
ide technician to resolve these problems.

The safe filling level depends on the temperature of the liquid being transferred into the container. The colder the
liquid, the more vapor space required for liquid expansion. Figure 2 shows safe filling levels for a range of liquid
temperatures. Filling above this line leads to an overfilled condition. Please note that Figure 2 only applies to
filling of insulated containers with PRDs set at 350 psi (2410 kPa) or less. Those quantities would be a significant
overfill of uninsulated high pressure cylinders and also exceed the maximum filling density allowed for DOT-4L
insulated containers with PRDs set greater than 350 psi (2410 kPa). DOT tables for filling density go as high as

625 psi (4310 kPa) PRDs at 86% filling density. Documents
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Table 1—Volume expansion upon warming of liquid carbon dioxide saturated
at 200 psi (1380 kPa) for a container with a 350 psi (2410 kPa) MAWP

Volume occupied by

Pressure Temperature liquid carbon dioxide "
psi kPa °F °C %
200 1380 —20 —28.9 92.6
210 1450 -18 —27.8 93.1
220 1520 -15 —26.1 93.5
230 1590 -13 —25.0 941
240 1650 —11 —23.9 94.6
250 1720 -8 —22.2 95.1
260 1790 —6 -21.1 95.6
270 1860 —4 —20.0 96.1
280 1930 —2 -18.9 96.6
290 2000 0 -17.8 971
300 2070 2 -16.7 97.6
310 2140 4 -15.6 98.1
320 2210 5 -15.0 98.6
330 2280 7 -13.9 99.0
340 2340 9 -12.8 99.5
350 2410 11 -11.7 100.0
" The percent liquid full is percent of total vessel volume and should not be con-
fused with the liquid level gauge reading.

1300
@\_ 1200 — Pressure relief device
° 1100 pressure setting
5 1000 —
(2]
g 900 — r_?
= 800 — 3
2 700 Unsafe region 3
g 600 — =
8 500 — =
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Figure 2—Safe filling volumes for 350 psi (2410 kPa) carbon dioxide containers
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5.7 Interconnected containers

Multiple containers may be manifolded together. The full liquid level of each container shall be at the same ele-
vation to prevent over filling and relief valve malfunction. See Figure 3 for typical installation and piping of multi-
ple containers.

Containers of different full level elevations may be manifolded together only after completing an engineering
evaluation and implementing its results.

When two or more containers are manifolded together only on the vapor space, it is possible for one tank’s
refrigeration system to draw and condense vapor from the other container. Thus, the container with the running
or colder refrigeration system will become over filled. If connecting containers by their vapor space is required,
engineered controls shall be used.
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Carbon |7 =
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— ‘ $ Liquid use line
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Figure 3—Multiple container installation example

6 Supply system equipment
6.1 Container

A container shall be designed, constructed, and tested in accordance with the requirements of the ASME Code
current at the time of the vessel’s construction [1].

The MDMT for carbon dioxide containers shall be —20 °F (—29 °C) or colder. Minus 40 °F (—40 °C) MDMT or
colder is recommended to handle upset conditions caused by lower container pressure. Containers used for
carbon dioxide storage shall be insulated and can be equipped with refrigerating and vaporizing systems to
maintain the pressure within the design pressure and temperature limitations (see Figures 4, 7, 8, 10).

The container shall be designed and constructed to lessen the risk of overfilling. This is typically achieved by
installing an internal overflow pipe on the vapor balance line, Figure 4, which is typically set at 92.6% to 95% of
the container internal volume for 350 psi MAWP. Containers manufactured without overflow pipes require other
means of preventing overfilling. The container shall never be allowed to become liquid full due to expansion of
the liquid carbon dioxide (see Table 1 and 5.6).
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