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SECTION 1 PREFACE

GENERAL

The Carbon Dioxide Storage Tank technical manual is designed to be used in conjunction with
Carbon Dioxide Storage Tanks provided by Chart. This manual contains information regarding
the safe operation and handling of liquid Carbon Dioxide (CO,) with the Carbon Dioxide
Storage Tankage. It should be thoroughly read and understood by anyone that operates the
equipment. If there are any questions regarding the operation of the Carbon Dioxide Storage
Tank, contact Chart’s Technical Service division at 1-800-400-4683.

Thismanual isintended to provide the user with all the necessary information needed to install,
operate and maintain the Carbon Dioxide Storage Tank.

The schematics, piping illustrations, and parts list shows a reference number for each component
used on the Carbon Dioxide Storage Tank. The reference numbers may refer to the same
functional component between the various models. The reference numbers will be used
throughout this manual to draw specific attention to a component while describing its function,
operation, or repair.

The safety requirements for operating the Carbon Dioxide Storage Tank and handling or
transporting extremely cold liquid products are shown in Sections 2. Use this safety section asa
“Safety Check-List “ each time the equipment is being used.

Section 3 discusses the general features of the tank and the theory of operation.

Section 4 illustrates how to uncrate and install the Carbon Dioxide Storage Tank.

Section 5 gives a step by step procedure for the basic operation of the tank.

Section 6 indicates how to maintain and repair the Carbon Dioxide Storage Tank.

Section 7 contains Outline & Dimension drawings and P& 1D drawing for the specific tank
models covered by this manual. It has general information, technical specifications, plumbing

schematics, and partslist. It should be reviewed first and referred to as the rest of the manual is
read.

TERMS
Throughout this manual safety precautions will be designated as follows:

WARNING - Description of a condition that can result in personal injury or
death.



CAUTION - Description of a condition that can result in equipment or component
damage.

NOTE - A statement that contains information that isimportant enough to emphasize or
repeat.

ABBREVIATIONS
The following abbreviations and acronyms are used throughout this manual:

BAR Pressure (Metric)

CBM Center Back Mount Gauge
CGA Compressed Gas Association
CO, Carbon Dioxide

FPT Female Pipe Thread

MPT Male Pipe Thread

NPT National Pipe Thread

NR Not Required

OoDT Outside Diameter Tube Size
P/N Part Number

PPM Parts per Million

PSI Pounds per Square Inch
PSIG Pounds per Square Inch (Gauge)
SCF Standard Cubic Feet

SCM Standard Cubic Meters

PB Pressure Builder

Nms Normal Cubic Meters



SECTION 2 SAFETY

GENERAL

The Carbon Dioxide Storage Tank consists of an inner pressure vessel encased within and outer
carbon steel vacuum shell. The container operates under low-to-medium pressure. Safety relief
devices are used to protect the pressure vessel and vacuum casing, sized and selected in
accordance with ASME standards they include adual relief valve system to protect the pressure
vessel, and areverse buckling rupture disc or lift plate to protect the vacuum casing (outer
vessal). The Carbon Dioxide Storage Tanks are designed and engineered for safe reliable
operations, and are durable enough to provide many years of trouble-free operation. Strict
compliance with proper safety and handling practices is necessary when using a Carbon Dioxide
Storage Tank. We recommend that all our customers re-emphasize safety and safe handling
practicesto al their employees and customers. While every possible safety feature has been
designed into the units and safe operations are anticipated, it is essential that every user of the
Carbon Dioxide Storage Tank carefully read all WARNINGS and CAUTIONS listed and
enumerated in this safety section sheet and contained in the manual itself. Also read the
information provided in the safety bulletins for Carbon Dioxide gas. Periodic review of this
safety summary is recommended.

WARNING: Carbon Dioxide vaporsin air may dilute the concentration of oxygen
necessary to support or sustain life. Exposureto such an oxygen deficient atmospher e can
lead to unconsciousness and seriousinjury, including death.

WARNING: Beforeremoving any partsor loosening fittings, empty the container of liquid
contents and release any vapor pressurein a safe manner. External valvesand fittings can
become extremely cold and may cause painful burnsto personnel unless properly
protected. Personnel must wear protective gloves and eye protection whenever removing
partsor loosening fittings. Failureto do so may result in personal injury duetothe
extreme cold and pressurein thetank.

WARNING: Accidental contact of liquid or solid CO, with the skin or eyes may cause a
freezinginjury similar to aburn. Handleliquid so that it will not splash or spill. Protect
your eyes and cover skin wherethe possibility of contact with liquid CO, cold pipesand
cold equipment, or cold gasexists. Safety gogglesor a face shield should be worn if liquid
gj ection or splashing may occur of cold gas may issue forcefully from equipment. Clean,
insulated gloves that can easily be removed and long sleeves are recommended for arm
protection. Cufflesstrousersshould beworn over the shoesto shed spilled liquid.

CAUTION: Do not use oxygen equipment that is marked “ For Oxygen Use* in CO, service.
Failure to comply with these instructions may result in serious damage to the container.



SAFETY BULLETIN

Portions of the following information is extracted from Safety Bulletin SB-2 from the
Compressed Gas Association, Inc. Additional information on carbon dioxide is available from
the CGA. Writeto the (CGA) Compressed Gas Association, Inc., 1235 Jefferson Davis
Highway, Arlington, VA 22202.

Cryogenic containers, stationary or portable, are from time-to-time subjected to assorted
environmental conditions of an unforeseen nature. This safety bulletin isintended to call
attention to the fact that whenever a cryogenic container isinvolved in any incident whereby the
container of its safety devices are damaged, good safety practices must be followed. The same
holds true whenever the integrity or function of a container is suspected of abnormal operation.

Good safety practices dictate that the contents of a damaged or suspect container be carefully
emptied as soon as possible. Under no circumstances should a damaged container be left with
product in it for an extended period of time. Further, adamaged or suspect container should not
be refilled unless the unit has been repaired and recertified.

Incidents which require that such practices be followed include: highway accidents, inversionin
water, exposure to extreme heat or fire, and exposure to most adverse weather conditions
(earthquakes, tornadoes, etc.). Asarule of thumb, when ever a container is suspected of
abnormal operation, or has sustained actual damage, good safety practices must be followed.

In the event of known or suspected container vacuum problems (even if an extraordinary
circumstance such as those noted above has not occurred), do not continue to use the unit.
Continued use of acryogenic container that has a vacuum problem can lead to embrittlement and
cracking. Further, the carbon steel jacket could possibly rupture if the unit is exposed to
inordinate stress conditions caused by an internal liquid leak.

Prior to reusing damaged container, the unit must be tested, evaluated , and repaired as
necessary. It ishighly recommended that any damaged container be returned to Chart for repair
and recertification.

The remainder of this safety bulletin addresses those adverse environments that may be
encountered when a cryogenic container has been severely damaged, such as an oxygen deficient
atmosphere.



OXYGEN DEFICIENT ATMOSPHERES

Carbon Dioxide is colorless and odorless. It can replace the oxygen in the air when released in
confined aress.

The normal oxygen content of air is approximately 21%. Depletion of oxygen content in air,
either by combustion or by displacement with inert gas, is a potential hazard and users should
exercise suitable precautions.

One aspect of this possible hazard is the response of humans when exposed to an atmosphere
containing only 8 to 12% oxygen. In this environment, unconsciousness can be immediate with
virtualy no warning.

When the oxygen content of air is reduced to about 15 or 16%, the flame of ordinary
combustible materials, including those commonly used as fuel for heat or light, may be
extinguished. Somewhat below this concentration, an individual breathing the air is mentally
incapable of diagnosing the situation because the onset of symptoms such as sleepiness, fatigue,
lassitude, loss of coordination, errors in judgment and confusion can be masked by a state of
"euphorid" leaving the victim with afalse sense of security and well being.

Human exposure to atmosphere containing 12% or less oxygen leads to rapid unconsciousness.
Unconsciousness can occur so rapidly that the user is rendered essentially helpless. Thiscan
occur if the condition is reached by immediate change environment, or through the gradual
depletion of oxygen.

Most individuals working in or around oxygen deficient atmospheres rely on the “buddy system”
for protection-obviously, the “buddy” is equally susceptible to asphyxiation if he or she enter the
areato assist an unconscious partner unless equipped with a portable air supply. Best protection
is obtainable by equipping al individuals with a portable supply of respirable air. Lifelinesare
acceptable only if the areais essentially free of obstructions and individuals can assist one
another without constrain. If oxygen deficient atmosphere is suspected or known to exist:

1. Usethe"buddy system”. Use more than one “buddy” if necessary to move afellow worker
in an emergency.

2. Both the worker and *buddy” should be equipped with self-contained or air line breathing
equipment.

CARBON DIOXIDE

Carbon dioxide is a compound formed by the combination of carbon and oxygen atomsin a 1:2
ratio expressed by the chemical symbol CO,. The weight percentages of carbon and oxygen are
27.3% and 72.7% respectively.



Carbon dioxideis agas at normal atmospheric temperature and pressure. It is colorless and
somewhat pungent although essentially odorless and is about 1.5 times more dense than air.

Depending on the temperature and pressure to which it is subjected, carbon dioxide may exist in
the form of asolid, aliquid, or agas. At atemperature of -69.9°F(56.6°C) and a pressure of
60.43 psig (417 kPa) carbon dioxide can exist smultaneously in all three phases. This condition
isknown as the triple point. The phase diagram for carbon dioxideis shownin Fig. A.

At temperatures above 87.9°F (31.1°C), carbon dioxide can exist only as agas, regardless of the
pressure. Thisisknown asits critical temperature. Asshownin Fig. A, liquefied carbon dioxide
can only exist in a sealed container between the triple point and critical point temperatures under
pressure. There is a definite pressure-temperature relationship of the liquid and gasin
equilibrium.
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SECTION 3 INTRODUCTION

GENERAL

The Chart Carbon Dioxide Storage Tanks are a compact and self-contained system designed for
the economical storage of liquid carbon dioxide with the ability to provide it to the application as
either liquid or gas.

The VS model (Vertical Carbon Dioxide Storage Tank or VS-CO,) is amedium pressure tank
designed to store liquid and provide it as liquid or gas, to a customer application This tank can
also be connected to pumps for high pressure cylinder filling.

The Chart model designation for a particular tank can be found on the tank data plate and its
associated paper work. The model designation shows the following information about the
Carbon Dioxide Storage Tank.

The first two sections of the model designation (i.e., VS-14) are used throughout section 8 and 9
of thismanual for specific information.

NOTE: Refer to chapters 8 and 9 of this manual to see the specific model specification, Charts,
schematics, and parts covered by the contents of this manual.

RECEIVING CHECK POINTS

1.  Check braces, skids, wooden chocks, and other shipping supports. Damage or deformation
would indicate the possibility of mishandling during shipment.

2. Examinewelded or brazed joints on plumbing for cracks or deformation, especially near
valves and fittings.

3. Check points where pipes exit the tank for cracks or breaks.
4.  Check relief valves and burst discs for dirt or damage.

5. Check pressure within vessel on PI-1. If pressure is zero, extra precautions against
contamination and impurities must be taken.

6.  Examinethe 5g impactograph. If it has sprung, damage may have occurred during
shipment. Notify your company’stank specialist and/or CHART.

7. Check the container vacuum.

a) If warm vacuum for "NC" modelsis above 20 microns, consult factory.

10



VACUUM CHECK PROCEDURES

CAUTION: UNAUTHORIZED CHANGING OF THE VACUUM PROBE WILL
VOID VESSEL WARRANTY.

1. Thestandard CHART vacuum probeis a Teledyne-Hastings DV-6R probe. Select a
compatible instrument to read the output of the vacuum probe.

2. Remove the rubber cap on probe outlet to expose contact. Note that probe housing need
not be opened to do this.

3. Plug the instrument to the probe and calibrate the instrument.

4.  Open the vacuum probe isolation valve. Wait for 5 minutes and take vacuum reading.
Note that valve handle protrudes through protective housing and can be turned without
opening the housing.

5. Closetheisolation valve and take a second reading. Monitor the rate of rise in vacuum
probe with isolation valve closed. If the vacuum continuesto rise at a constant rate, it is
possible that the probe assembly isleaking. Consult the factory.

6. Verify that theisolation valve is closed.

7.  Replace the rubber probe cap.

8.  Compare the vacuum reading obtained now to reading taken prior to shipping.

FEATURES

The Carbon Dioxide Storage Tanks are designed to provide a convenient, reliable, and
economical method for the storage and delivery of CO,. Important features of these containers
include:

1.

Long-term hold time due to highly efficient multi layer composite insulation system with low
vacuum.

An optional pressure building system that can be used to maintain working pressure during
high withdrawal operations.

An optional final line vaporizer system that can be used to vaporize liquid and warm the gas
for gas use applications.

An optional refrigeration coil that allows arefrigeration system to be used to lower tank
pressure during low withdrawal operations to prevent the loss of product when used in high
process heat input applications.

A bottom fill line and vapor return line that allow the tank to be refilled from aliquid supply
unit by pump transfer. The vapor return line also serves as the full trycock.

11



6. Simple and convenient piping controls.

7. Rugged carbon steel outer vessel.

PHYSICAL DESCRIPTION

Carbon Dioxide Storage Tanks are designed for long-term storage of liquefied carbon dioxide
under pressure in the range of 165 to 350 psig (11.6 to 24.6 Kg/cm,). Operation of the tank is
fully automatic with the optional pressure building and/or refrigeration systems set to maintain
preset pressure and flow conditions into customers' pipeline. While hardware may vary dlightly
from model to model, each unit essentially performs the same functions.

The Carbon Dioxide Storage Tank is comprised of a steel inner tank encased in an outer carbon
steel vacuum shell. Theinsulation system between the inner and outer containers consists of
multiple layer composite insulation and high vacuum to ensure long holding time. The
insulation system, designed for long-term vacuum retention, is permanently sealed at the factory
to ensure vacuum integrity.

The VS-CO2 is provided with legs for mounting. The legs have mounting holes for attachment
to the facility pad.

CAUTION: To prevent possible tip over do not leave tank standing upright unlessit is secured to
its foundation (bolted down). Transporting and erection of the tank should be performed in
accordance with rigging instructions available from Chart. Failure to comply with these
instructions may result in serious damage to the container.

Lifting lugs are located on the tank. The lifting lugs are provided to facilitate handling. Moving
requires the use of a crane and adherence to specific rigging instructions (see section 4 in this
manual for details on handling).

SAFETY DEVICES

The vessels are protected from over-pressurization with atank pressure relief device. The
normal relief device pressure setting is at the maximum allowable working pressure of the inner
vessel.

The vacuum space is protected from over-pressurization by use of atank annular space rupture
disc assembly or lift plate assembly.

NOTE: Safety devices meet al of the requirements of CGA Pamphlet S-1.3, Safety Relief Device
Sandards, Part 3, Compressed Gas Sorage Containers.

12



OPERATIONAL SYSTEMS

The various models have the same general operating system. Each model has the ability to be
filled with product and deliver either liquid or gas for a specific application.

The following section will discuss the theory behind these operations.

All operations are done completely with the control valves |ocated on the underside of the tank.
The valves are labeled for easy identification.

The schematic, and nomenclature show how the plumbing circuitry operates for the specific
model. It isimportant that the operators be familiar with the plumbing control valves and their
functions as shown in section 7.

FILLING
The following recommendations should be used to optimize tank filling:

1. Keepthetransfer lines as short as possible. Long uninsulated transfer lines will result in
higher fill losses and longer fill times.

2. Anytime liquid can be entrapped in aline between two valves, the line must be equipped
with asafety relief device.

3. Conduct thefilling operation in as short atime as possible.

4. Do not let the pressure in the filling system drop below 165 psig (11.6 Kg/cmy) to prevent the
liquid CO, temperature from dropping below minimum vessel design temperature.

The vessel should be visually inspected before every fill for possible damage, cleanliness, and
suitability for itsintended gas service. If damage is detected (i.e., serious dents, loose fittings,
etc)repair the unit as soon as possible.

Chart VS-CO2 units are shipped with low-purity gaseous nitrogen to prevent moisture from
entering the tank. For this reason the tank should be thoroughly purged with the applicable gas
prior to filling.

When filling the unit with liquid, the transfer should be made with a centrifugal pump.

PUMP TRANSFER

Liquid carbon dioxide is transferred into the VS-CO2 unit with atwo hose pumping system.
Liquid is pumped into the bottom of the vessel while gas is recovered from the top. The pressure
in the vessel remains constant during the pump transfer.

PRESSURE BUILDING (Optional)
When aVS-CO2 model is used for either liquid or gas withdrawal, the normal operating pressure
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range is controlled by the pressure setting of the pressure building system.

Pressure building systems can be added to the VS-CO2 models and should be sized to the
expected gas withdrawal rate of the application. Pressure building systems remove liquid from
the bottom of the tank and vaporize it into gas by adding heat to it. The warmed gasisthen
returned to the top of the vessel where it raises the pressure in the tank. All pressure building
systems need to have pressure switches to automatically turn on and off the flow of liquid into
the pressure builder. Safety relief devices should be installed in the components lines wherever
liquid can be trapped between valves.

PRESSURE REDUCTION

The pressure building system will increase tank pressure to maintain the proper operating
conditions for the tank. In adirect gas use application where the tank pressure is reduced by the
withdrawal of gas from the top of the tank. The heat input through the insulation and the
pressure building system are used to maintain operating pressure.

Liquid withdrawal applications do not reduce tank pressure as rapidly as gas withdrawal. High
volume liquid applications will normally keep the tank pressure down, however heat input
through the insulation can increase the tank pressure to the relief valve setting if the liquid
withdrawal application is small.

An optional refrigeration coil can be built into the vessel that will recondense the gasin the top
of the tank and reduce the pressure, when used with a mechanical refrigeration system. This
system works automatically with the pressure building system to maintain tank pressure as
desired.

14



LIQUID WITHDRAWAL

If the VS-CO2 model tank isto be placed in permanent liquid withdrawal service, itis
recommended that all liquid withdrawal lines are insulated with urethane foam. The piping will
efficiently bring the liquid to the application with the least amount of pressurerise.

Normal liquid withdrawal operations need to be performed at pressure above 165 psig

(11.60K g/cm?) to prevent the liquid CO, temperature from dropping below minimum vessel
design temperature. Transfer of liquid at high pressure can lead to excessive splashing of the
cold liquid which could result in burns to the operator and or nearby personnel. Personnel
should be fully instructed in the cautions associated with handling extremely cold fluids and the
proper clothing and protective gear to be used.

WARNING: Accidental contact of liquid gaseswith skin or eyes may cause a freezing
injury similar toa burn. Handleliquid so that it will not splash or spill. Protect your eyes
and cover skin wherethe possibility of contact with liquid, cold pipesand cold equipment,
or cold gasexists. Safety goggles or aface shield should beworn if liquid € ection or
splashing may occur or cold gas may issue forcefully from equipment. Clean insulated
glovesthat can easily be removed and long sleeves ar e recommended for arm protection.
Cufflesstrousers should be worn over the shoesto shed spilled liquid.

GAS WITHDRAWAL

When the supply of gaseous product is the primary operation of the tank, external vaporizers and
an additional regulator must be added after the withdrawal valve to regulate the temperature and
to step down the pressure to the gas application. Very small gas use rates may be supported by
direct withdrawal of gas from the tank. However, most gas use rates require that liquid be
withdrawn from the tank and vaporized to provide gas supply.
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SECTION 4 INSTALLATION

GENERAL

This section deals with the receiving and uncrating the VS-CO2 model tank. It explains how to
connect to the tank and unload it from the truck or shipping container. It provides the owner
with alist of inspections that should be done before receiving the tank. 1t discusses general
considerations for the tank final location.

RIGGING

GENERAL HANDLING INSTRUCTIONS

Installation of aVS-CO2 unit at the storage site requires the use of alift crane. For 6T models a
crane with one hoist maybe used. For models 14T and larger, the crane must be configured with
two hoists. See diagram below.

NOTE: If the pad is not completed when the tank arrives, arrangements should be made to have
the unit taken from the truck and stored in a protected area.

NN

30 30
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UNLOADING

1. Connect to thelifting lug on the top of the tank and on the leg as shown in the rigging
illustration.

2. Disconnect any chains, straps, or shipping braces that may have been used to hold the tank to
the truck bed.

3. Lift thetank only afew inches and check to make sure there are no additional connections
between the tank and trailer.

4. Remove the tank from the trailer and place it on the pad or designated hold area while pad is
being constructed.

CARGO CONTAINER

Container packaged tanks are shipped in 20 or 40 ft. container on aroller system which is at the
front end of the tank.

The following procedure should be followed for removal of the tank.
1. Remove banding from vessel.
2. Connect chainsto forklift and vessdl.

3. Useforklift to slide vessel out of container. Lift back end of tank and remove with two (2)
front shipping legs resting on rollers.

NOTE: If two vessels are in shipping container, two (2) steel blocks must be removed from
the two front shipping legs of the rear vessel. Blocks are bolted to shipping container floor.

Carbon Dioxide Storage Tanks shipped in convertible top cargo containers should be unloaded
asfollows:

1. Remove the convertible top and end rail from the cargo container.
2. Connect chainsto tank.

3. Withtank lifted only afew inches off the cargo container floor, slide the tank horizontally
out the end of the cargo container.

4. Lift thetank and place it on the pad or the designated hold area while the pad is being
constructed.

INSPECTION

A receiving inspection is one of the most important operationsin the life of the tank, and should
be done thoroughly and conscientiously. Any indications of damage should be immediately
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reported to the freight company and Chart.

RECEIVING CHECKPOINTS

1.

7.

Check braces, skids, wooden chocks, and other supports shipped with the tank. Damage or
deformation would indicate the possibility of mishandling during shipment.

Examine welded or brazed joints on plumbing for cracks or deformation. Areas to be checks
in particular are near valves and fittings.

Check the area where pipes exit from the tank for cracks or breaks.
Check therelief valves for dirt damage.

Check the pressure in the vessel with the pressure gauge (PI-1). If pressureis“0" then extra
precautions against contamination and impurities must be taken.

Examine the 5g impactograph located on the inside of the tank |egs attached to the vessel
head. If it has sprung, damage may have occurred during shipment. Notify your companys
tank specialist and/or Chart.

Check the vacuum level using the vacuum test procedure.

VACUUM TEST PROCEDURE
CAUTION: Unauthorized changing of the vacuum probe (VR-1) will void vessel warranty.

1.

The standard Chart probe (VR-1) isthe Hastings DV-6R probe. Select a compatible
instrument to match this type of probe.

Remove the rubber cap on the probe outlet to expose the contacts. Note that the probe
housing need not be removed for this step.

Plug the instrument to the probe and calibrate the instrument.

Open the vacuum probe isolation valve (HCV-5). Wait for 5 minutes and take and record a
vacuum reading. Note that the valve handle protrudes through the protective housing and
can be turned without opening the housing.

Close theisolation valve (HCV-5) and take a second reading. Monitor the rate of vacuum
pressure rise in the vacuum probe with the isolation valve closed. If the vacuum continuesto
rise at a constant rate, it is possible that probe assembly isleaking. Consult the factory.
Verify that the isolation valve (HCV-5) is closed.

Replace rubber cap on probe.

Review the vacuum reading you recorded.
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a If the first vacuum reading is above 20 microns, consult factory.

b. If your last vacuum reading shows a steady increase from the first, consult the factory.

SITE CONSIDERATIONS

If the Carbon Dioxide Storage Tank isto be installed at the user’s site, the following should be
considered prior to the installation.

Prime considerations in choosing a site for the VS-CO2 are soil stability of the location,
accessibility for servicing, and proximity to the liquid dispensing point.

Firm soil conditions are desirable to protect against settling of the facility and possible station
damage. The foundation site must also be located such that drainage away from the foundation
isensured.

Since the VS-CO2 model tank will be filled from atruck, it must be readily accessible.
Generally, alocation adjacent to a parking lot is most suitable. Since many liquid delivery hoses
are at least 14 feet long, the container should be situated no more than 10 feet from the closet
possible access.

If the tank is to be located out-of-doors, the site selected should be such that the container and
associated equipment (if any) will not be beneath or exposed by the failure of electric power
lines, flammable or combustible liquid lines, or flammable gas lines.

Should the tank be located indoors, the building must be of noncombustible construction, be
adequately vented and be used exclusively for gas storage.

SITE PREPARATION

Site preparation considerations include selecting the proper foundation. However, before the
foundation islaid, it may be necessary to clear the site of all organic material and topsoil.
Concrete pads are the most common foundations on which cryogenic containers are installed.
They provide a highly stable, permanent location for the unit, as well as any other on-site support
equipment that may be required (i.e., reserve cylinders, vaporizers, etc.). The construction of a
firm base or foundation for the concrete pad is also important. A bed consisting of gravel or
crushed stone by be required for the foundation to rest on.
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Consultation with alocal qualified engineer is suggested to recommend a pad design that meets
local and state requirements for soil and climactic conditions, as well as seismic load
requirements.

SITE PROTECTION

In many situations, the VS-CO2 model tank is vulnerable to damage. This may be due to
tampering by unauthorized personnel, other equipment moving in the area, or a combination of
these. Depending on the exposure, protection should be provided by either afence or pylons.

OTHER SITE CONSIDERATIONS

Installation of a Carbon Dioxide Storage Tank should be supervised by personnel familiar with
the tank's construction and intended use.

Following installation, all field erected piping and connect points to the tank should be tested at
the maximum operating pressure to check for leaks.

If during site preparation, any questions arise concerning foundation, location, etc., it is advised
that your local Chart distributor or the factory be consulted.
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SECTION 5 OPERATIONS

GENERAL

This chapter provides the preparation, initial fill, gas use, liquid delivery, and refilling
procedures for a Carbon Dioxide Storage Tank. Before performing any of the procedures
contained in this chapter, become familiar with the location and function of tank controls and
indicators by studying the plumbing schematic and legend in section 7 and 8 of this manual.

PURGING AND FILL CONSIDERATIONS

Theinitia fill isusually performed on awarm tank - one that has not been in use for an extended
period of time prior to filling. The warm container must be purged to ensure product purity.

When preparing the tank for filling, or when changing service, the following items should be
considered:

1. Thevessel should be inspected for possible damage or unsuitability for the intended use. If
damage is detected (i.e., serious dents, loose fittings, etc.), remove the unit from service and
perform repairs as soon as possible.

2. Thetank should befilled by two hose transfer. Internal tank pressure of at least 165 psi
(11.6Kg/cmy) must be maintained.

CAUTION: Failureto maintain a minimum tank pressure of 165 PSG (11.6 Kg/cmy) in a vessel
containing liquid CO, will result in liquid CO, temperature dropping bel ow minimum vessel
design temperature. This can result in damage to the vessel.

3. Toremove moisture or foreign matter from the tank or tank lines, the vessel must be purged.
Use asmall amount of the new product for purging when changing service and a small
amount of the same product if the purgeis to ensure purity or remove contaminants.

TANK PURGING PROCEDURE

CAUTION: The maximum purge pressure should be equal to 50 percent of the maximum
operating pressure of the tank or 30 psig, whichever isless. The maximum purge pressure must
be determined before starting the purge operation to prevent drawing atmospheric contaminants
back into the tank. A positive pressure of at least 5 psig must always be maintained in the tank.

1. Attach the source of gas purge product to the vapor return (FC-2).
NOTE: Chart CO2 tanks ship with brass plugsin the following valves: Pressure building

inlet and outlet valves (HCV-3 and HCV-11) and Aux. liquid and vapor valves (HCV-18 and
HCV-19). These plugs are to be removed at time of installation.
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2. Close all valves except the pressure building inlet and outlet valves (HCV-3 and HCV-11), if
pressure builder isinstalled, and liquid phase (high) and gas phase (low) valves (HCV-10
and HCV-8).

NOTE: When a solenoid valve is used to control the pressure building circuit, it must be
energized.

3. Open the vapor recovery valve (HCV-4) to allow gasto flow into the tank.

4. Shut off the gas supply source (HCV-4) when pressure in the tank reaches the maximum
purge pressure as indicated on tank pressure gauge (Pl-1).

5. Open the equalization valve (HCV-9), to prevent damage to the gauge before closing valves
(HCV-8 and HCV-10). Close HCV-8/HCV-10.

6. Loosen the unions on either side of the liquid level gauge (L1-1). Both the high and low
gauge valves should be opened wide and gas stream visually checked for signs for moisture.
Provided no moisture is observed after blowing the lines for approximately two minutes,
both valves should be closed. If moisture is observed in the gas stream, the gas should be
discharged until it is clear of al moisture.

NOTE: Careful check for moisture in the phase lines will ensure trouble-free operation of the
liquid level gauge. Dueto their small diameter, gauge lines are easily plugged by ice.

7. Remove the pressure control regulator PCV-3A/B toggle the safety relief selector (HCV-15)
both sides to purge entire circuit.

8. Open thefill valve (HCV-1) and reduce the tank pressureto 5 psi.
Warning: Hearing protection must be worn whiletank isventing.
9. Closethefill valve (HCV-1) and replace the pressure control regulators (PCV-3A/B)

10. Repeat purge procedures steps 2 through 4 and 8 & 9 at least five times until product purity
has been obtained.

11. Reconnect the liquid level gauge (L1-1), and open the liquid level control valves (HCV-8 and
HCV-10), then close the equalization valve (HCV-9).

12. Reinstall the pressure control regulator (PCV-3A/B).
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13. After purging the tank, but before filling, verify that the following valves are open or closed
asindicated.

Valve Position
Vapor Recovery Vave (HCV-4) Closed
Bottom Fill Vave (HCV-1) Closed
Equalization Vave (HCV-9) Closed
Pressure Building Inlet Valve (HCV-3) Closed
Pressure building Outlet Vave (HCV-11) Closed
Liquid Phase (high) Vave (HCV-10) Open
Gas Phase (low) Valve (HCV-8) Open
All other tank valves Closed

INITIAL (WARM TANK) FILLING PROCEDURES

It isrecommended that upon first fill the Chart CO2 Cleaning Procedur e be implemented
to ensur e cleanliness of tank.
1. Purge tank to assure product purity.

2. Verify that the supply unit contains the proper product to be transferred and that the supply
unit and tank fill fitting are for CO, service.

3. Verify that all valves except liquid phase high (HCV-10) and gas phase low (HCV-8) are
closed.

4. Connect the supply unit liquid transfer hose to the tank fill connection (FC-1).

5. Connect the vapor recovery transfer hose to the tank vapor recovery connection (FC-2).

6. Open vapor valve (HCV-4) sowly. Allow the tank and supply unit to equalize in pressure.
7. Open thefill valve (HCV-1) and begin to pump fill the tank.

8. Monitor tank pressure (PI-1) during fill.

9. Monitor liquid level contents gauge (LI-1) during filling.

10. When tank nears full, open vapor return/full trycock line drain valve (HCV-4A).

11. Stop the filling operation when liquid begins to discharge from drain valve (HCV-4A).
CAUTION: Do not overfill

12. Close thefill valve (HCV-1) and the vapor recovery valve (HCV-4).

13. Open fill line drain valve (HCV-1A) to relieve hose pressure.
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14. Disconnect supply unit from tank at fill and return hose fittings (FC-1 and FC-2). Itis
recommended that the fill hose be alowed to defrost before removing.

15. Close drain valves (HCV-1A and HCV-4A) and replace caps on fill fittings.

16. Unit is now ready to place into service.

PREPARING THE STATION FOR OPERATION

Preparing the VS-CO2 model tank for operation consists of adjusting the pressure control valves
for automatic operation and then valving open the circuits used to supply the gas requirements of
the customer.

Normal operating valve position for aVS-CO2 tank is as follows.

Valve Position
Bottom Fill Valve (HCV-1)(HCV-1A) Closed
Vapor Recovery Valve (HCV-4) (HCV-4A) Closed
Equalization Vave (HCV-9) Closed
Pressure Building Inlet Vave (HCV-3) Open
Pressure Building Outlet Valve (HCV-11)  Open

Liquid Phase (high) Vave (HCV-10) Open

Gas Phase (low) Valve (HCV-8) Open

Aux Liquid Valve (HCV-18) Open/Closed
Aux Vapor Vave (HCV-19) Open/Closed

TANK VENT PRESSURE CONTROL

1. Thetank operating pressure should never be vented below 165 psig (11.6 Kg/cm,) while
liguidisin the vessel, in order to prevent liquid CO, temperature dropping below minimum
vessel design temperature

2. Regulator (PCV-3A/B) are used to keep tank pressure from rising above maximum desired
pressure. It isfactory set at 340 PSl so that normal venting will not be done by tank safety
valves (PSV-1A/1B).

REFILLING

A vessel that isin service must be refilled using bottom fill and vapor return valves (HCV-1 and
HCV-4). Proper filling procedures will ensure that there is no interruption of service or supply.
Generally it is not necessary to vent the vessel down prior to filling.

TANK REFILLING PROCEDURE
1. Verify that the contents of the supply unit is the proper product to be transferred.

2. Veify that fill and vapor valve (HCV-1 and HCV-4) are closed.

3. Verify that all other valves are in normal operating positions.
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4. Connect the supply unit liquid transfer hose to tank fill connection (FC-1).

5. Connect the vapor recovery hose to the vapor connection (FC-2).

6. Open vapor vave (HCV-4) slowly. Allow the tank and supply unit to equalize in pressure.
7. Open thefill valve (HCV-1) and begin to pump fill the tank.

8. Monitor tank pressure (PI-1) during filling.

9. Monitor liquid level contents gauge (LI-1) and stop the filling operation when the gauge
reads full.

10. When tank nears full, open vapor return/full trycock line drain valve (HCV-4A).

11. Stop the filling operation when liquid begins to discharge from drain valve (HCV-4A).
CAUTION: Do not overfill

12. Close thefill valve (HCV-1) and the vapor recovery valve (HCV-4).

13. Openfill line drain valve (HCV-1A) to relieve hose pressure.

14. Disconnect supply unit from tank at fill and return hose fittings (FC-1 and FC-2). Itis
recommended that the fill hose be alowed to defrost before removing.

15. Close drain valves (HCV-1A and HCV-4A) and replace caps on fill fittings.

16. Verify that al other valves remain in normal operating positions.

VAPOR WITHDRAWAL PROCEDURE
1. Connect the customer lineto the VS-CO2 vapor connection.

2. Verify that all valves except liquid phase (high) (HCV-10) and gas phase (low) (HCV-8), are
closed.

3. Open vapor valve (HCV-19), pressure building liquid valve (HCV-3), and pressure building
vapor valve (HCV-11) to start gas flow. Customer line and system will deliver gas until
stopped.

CAUTION: Controls must bein place to stop gas flow if tank pressure falls below 165 PSIG
(11.6 Kg/cnm).

4. Once the required amount to product has been delivered (or to close the tank down for an
extended period of time), stop gas flow by closing vapor valve (HCV-19).
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LIQUID WITHDRAWAL PROCEDURE
1. Connect customer lineto liquid withdrawal connection.

2. Verify that all valves except liquid phase high valve (HCV-10), gas phase low valve (HCV-
8) are closed.

3. Openliquid valve (HCV-18), pressure building liquid valve (HCV-3), and pressure building
vapor valve (HCV-11) slowly to begin liquid flow.

CAUTION: Controls must bein place to stop gas flow if tank pressure falls below 165 PSIG
(11.6 Kg/lcm).

4. Once the desired amount of liquid has been delivered, close the liquid withdrawal valve
(HCV-18).

WARNING:
Anytime a pump isused for product withdrawal, there must be a vibration
eliminator kit installed. Failuretodothismay result in lost of tank vacuum.
Contact your sales personnel for kit part number
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SECTION 6 MAINTENANCE

GENERAL

This section contains maintenance information, including troubleshooting and repair procedures.
Service and/or repairs are not difficult because parts are easily accessible and replaceable.
Before performing any of the procedures in this section, be sure you are familiar with the
location and function of the controls and indicators shown and described in Section 7. Note that
supporting parts location instructions are provided in Section 8.

Before implementing any procedure described in this section, it is recommended that the Safety
Summary and Product Safety Bulletins (Section 2) be reviewed and understood fully.

Maintenance required usually becomes apparent during inspection of units before afill routine,
observations during and after afill, and from improper performance of components. Proper and
immediate action to correct any damage or malfunction is advised.

Person making repairs to piping, valves, and gauges must be familiar with cleanliness
requirements for components used in carbon dioxide service (see Cleaning below for further
details).

COMPATIBILITY AND CLEANING
It is essential to always keep the Carbon Dioxide Storage Tank clean and free of grease and oil.

When replacing components, only use parts which are considered compatible with the product.

WARNING: Before conducting maintenance or replacing parts on Carbon Dioxide Storage
Tank, removeall liquid and release container pressurein a safe manner.

CLEANING PROCEDURE FOR BULK CO2 STORAGE TANKS

Normally Carbon Dioxide bulk tanks that receive and deliver carbon dioxide in liquid form do
not require routine cleaning. Normal trace impurities are not concentrated by distillation in the
tank and are simply passed on as product flows in and out of the tank.

In the event that contamination of the tank is suspected, the following cleaning procedure is
suggested.

The CO2 tanks can best be cleaned by spraying clean CO2 liquid from a delivery transport
pumped into the tank at arapid rate into an empty or nearly empty tank and flushing the effluent
out of the bottom of the tank.

Note: CGA pamphlet G-6.4 should be used asa guidelinefor all transfer of carbon
dioxideinto and out of bulk carbon dioxide storage tanks.

The Cleaning procedur e consists of:
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Emptying all or most of the liquid from the tank, as any product left in the tank will belost in
the cleaning procedure. Reduce tank pressure to approximately 165 psig to insure sufficient
pressure differential between tank and delivery unit to cause a high flow through the cleaning
nozzle.

Connect transport pump hose to appropriate connection on the bulk tank and start
transferring liquid. Recommended flow is approximately 50 GPM.

Slowly open Bottom Fill valve to discharge sediment and liquid CO2 from tank.

This procedure should be run until acceptable levels of cleanliness of the effluent are
obtained.

PROCEDURE

1.

Bulk CO2 tank contents should be reduced to approximately 500 pounds or less as any
remaining product will be discharged or lost in the cleaning and flushing procedure.

Reduce Bulk CO2 tank pressure to approximately 150 PSI below transport pump capability
to insure vigorous flow into the tank. Do not reduce Bulk CO2 tank pressure below 165 PSI
to maintain the tank temperature above —30 degrees F. Caution: Liquid carbon dioxide
begins conversion todry ice at 60.4 psig.

Connect transport liquid pump hose to Aux. Vapor connection (C-2) for 14, 30 and 50Ton
tanks or PB Vapor connection (C-4) for 6Ton. It may be may be necessary to add a CGA
CO2 fitting to make connection. Transport vapor return pump hose will not be used for this
cleaning procedure.

Open Aux. Vapor valve (HCV-19) for 14, 30 and 50Ton tanks or PB Vapor valve (HCV-11)
for 6Ton and start filling procedure.

Monitor tank pressure during cleaning procedure, top filling may tend to collapse or reduce
tank pressure. If pressure drops below 165 PSI, stop cleaning procedure and allow pressure
to build to acceptable level before continuing.

Slowly open Bottom Fill valve (HCV-1) to discharge sediment and liquid CO2 from tank.
Continue to monitor tank pressure and if pressure drops below 165 PS| shut Bottom Fill
valve (HCV-1) and allow pressure to build to acceptable level before continuing.

Let cleaning cycle run for 3-5 minutes. Monitor discharged CO2 until an acceptable level of
cleanliness has been achieved.

When tank has reached acceptable cleanliness levels, close Bottom Fill valve (HCV-1) and

shut down transport pump. Close Aux. Vapor valve (HCV-19) for 14, 30 and 50Ton tanks or
PB Vapor valve (HCV-11) for 6Ton.
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9. Blow down hose using procedures described in CGA pamphlet G-6.4.
10. Reconnect all previous connections that were removed during the cleaning procedure.

11. Follow standard filling procedure found in CGA pamphlet G-6.4. Caution: Discharging
liguid CO2 into the atmospher e can produce high velocity dry ice particles which must
be directed away from people or anything else that might be damaged in the process. A
restricted valve may also become blocked with dry ice that may be g ected at anytime at
high velocity.

PERIODIC INSPECTIONS

In order to maintain the VS-CO2 tank in good operating condition, certain system components
must be inspected on a periodic basis. If thetank is being operated in areas having either
extreme hot or cold climates, inspection intervals should be shortened. (Refer to the repair
procedures paragraphs in this section for corrective procedures when a malfunctioning
component is found during an inspection.)

PERIODIC INSPECTION INTERVALS

[tem Interval
Valves and fittings for leaks and other malfunctions  Quarterly

Indicating gauges formal function Annually

Relief valvesto verify proper settings 2 years

SOLDERING/WELDING

Before performing any soldering or welding work on a Carbon Dioxide Storage Tank always
exhaust any product from lines and purge thoroughly with nitrogen gas. Refer to the purging
instructionsin Section 5.

MAINTENANCE CHECKS AND ADJUSTMENTS

The paragraphs to follow provide instructions for performing the various VS-CO2 model tank
checks and adjustments. Only perform the procedure(s) if the unit is suspect of faulty operation.
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VACUUM INTEGRITY CHECK

Since all Carbon Dioxide Storage Tanks are vacuum insulated, any deterioration or 10ss of
vacuum will be apparent by cold spots, frost, or condensation on the outside of the tank or
evidenced by abnormally rapid pressure buildup. Unless one of these conditions is evidenced,
the vacuum level should not be suspect.

In the event one of the above conditions exists, remove the unit from service as soon as possible
and contact the factory for advice on vessel vacuum testing.

PRESSURE AND LIQUID LEVEL GAUGES CHECKS AND ADJUSTMENTS

Since an instrument specialist is normally required for making gauge repairs, it is advised that a
defective gauge be replaced with a new unit and the defective one returned to your local Chart
distributor or to the factory for repairs. However, before replacing a gauge there are a number of
checks that can be performed.

The major cause of gauge malfunction is aleakage in the gauge line. Therefore as afirst check,
make certain that gauge lines are leak tight. Other gauge checks include:

1. Checking the gauge lines for obstructions.
2. Checking for aleak at the liquid phase valve (HCV-10) and at the gas phase valve (HCV-8).

3. Verifying that the liquid level gaugeis properly zeroed. Theliquid level gaugeisa
differential pressure gauge used to indicate the amount of liquid in the tank. This gauge may
occasionally require adjustment. To check and/or adjust the zero setting of this gauge, close
the low pressure and high pressure valves (HCV-8 & HCV-10). With these valves closed,
open the equalization valve (HCV-9). The gauge pointer should indicate zero. If the gauge
pointer does not indicate zero, adjust the gauge until the zero setting isreached. After
adjustment, close the equalizer valve (HCV-9) and slowly open the gauge valves (HCV-8 &
HCV-10).

If these checks and adjustments fail to correct the problem, remove and replace the gauge. When
returning the defective gauge to Chart for repair, indicate the nature of the difficulty experienced
with the gauge in your letter of transmittal.

CAUTION: Before removing or adjusting either the tank pressure gauge or the liquid level

gauge, make sure that the liquid phase gauge valve (HCV-10) and the gas phase gauge valve
(HCV-8) are closed.
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TROUBLESHOOTING

The Troubleshooting table is arranged in a“ Trouble/Probable Cause/Remedy” format. The
probable cause for a specific problem are listed in a descending order of significance. That is,
check out the first cause listed before proceeding to the next. Repair procedures required, as
listed in the remedy column, may be found in the Repair portion of this section. Perform all
proceduresin the order listed and exactly as stated. (Refer to Section 8 asrequired to locate
system components identified in the troubleshooting guide.)

Trouble

Probable Cause

Remedy

Excessive tank pressure

Pressure building systemis not
function properly

Pressure switch or regulator is
adjusted too high. (Re-adjust)

PB unit won't shut off. (Consult PB
manufacturer.)

Tank was just filled with higher
pressure (warm) liquid.

Vent Pressure (HCV-4) to
restabilize at alower pressure.

Excessive shutdown time, low
withdrawal rate, or excessive
process heat input.

Vent tank properly to desired
operating pressure. Investigate
process system.

Tank pressure gauge (PI-1) in
error.

Confirm tank pressure with
calibrated test gauge. If wrong,
replace defective gauge.

I nadequate vacuum.

Refer to “vacuum loss” in
troubleshooting column.

Failure to maintain tank pressure

Pressure building system is not
functioning properly.

Isolation valves (HCV-3 & HCV-
11) are closed. (Open them.)

Pressure switch (or regulator) is
adjusted too low. (Readjust it.)

PB unit isfaulty. (Consult PB
manufacturer.)

Relief valve (PSV-1A/1B) or
control valve (PCV-3A/B) leaking
or frozen open.

Replace defective valve.

Piping leak. Soap test and repair.
Low liquid level. Refill tank.
Excessive withdrawal rate. Consult factory (Chart).
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Trouble Probable Cause Remedy
Vacuum Loss Ruptured annular space burst disc Inner vessel or piping leak.

(Item PSE-3 or PSE-5/VP) Remove al product from the
container and return to Chart.

Leak in the burst disc caused by Remove al product from the

corrosion container and return to Chart.

Erratic or erroneous contents gauge | Leaking gauge lines. Soap test and repair leak.
readings.

Gauge needle is stuck. Tap gauge. If thisfailsto correct
the problem, inspect the needle and
bend dightly, if necessary.

Needleis not zero adjusted Refer to Gauge Adjustment.

Gauge damaged or faulty Replace gauge.

Leaking safety relief valve (PSV- Dirt or ice under disc. Reseat or replace valve as required.
1B/1A) or pressure control valve
(PCV-3A/B).
Valve improperly seated.
Damaged seat or disc. Replace valve.
REPAIR

Replacement, rather than repair, damaged components with Chart approved partsis
recommended. However, when repair of damaged componentsis required, follow the
instructions below.

CAUTION: The VS-CO2 should always be allowed to return to ambient temperature before
repair work is performed. Remove all liquid and release pressure from the tank as necessary
before replacing any component(s) exposed to pressure or to liquid CO..

When disassembly of aVS-CO2 assembly is required, removed parts should be coded to
facilitate reassembly. Reassembly of parts should always be performed in the reverse manner in
which they were disassembled. Parts removed during disassembly should be protected from
damage, thoroughly cleaned, and stored in protective polyethylene bags if not immediately
reinstalled. Clean all metal parts with agood industrial cleaning solvent. All rubber components
should be washed in soap and warm water solution. Air dry all cleaned parts using a clean, low
pressure air source. Before reassembly, make sure that all parts are thoroughly cleaned and have
been degreased. Cleaning will prevent valves from freezing while in service and also prevent
contamination of the liquid product.

32



When removing assemblies from the VS-CO2, remember to always plug pipe openings as soon
asthey are exposed. Plastic pipe plugs or aclear plastic film may be used for this purpose.

VALVE REPAIR

NOTE: Always have an adequate supply of VS-CO2 spare partsin your inventory; refer to
Section 8 for recommended components.

When a defective valve is suspect, remove and repair the assembly as described below. If a
valveisleaking through the packing, tighten the packing nut first to seeif the leakage will stop
before removing the valve. NOTE: Unless valve component parts are available in inventory, a
defective valve should be replaced with a new assembly.

1. Removeall liquid from the tank.

2. Release pressure in the tank by slowly opening vapor recovery valve (HCV-4) until venting
stops, and gauge (PI-1) reads 0 psig.

3. Remove the defective valve from the container.
4. Disassemble the valve and inspect all piece parts.

5. Clean dl meta partsin a suitable solvent and other partsin a warm soap solution followed
by athorough warm water rinse.

6. Air dry al components using a clean, low pressure air source.
7. Replace all worn, deformed or damaged parts.

8. Repack the valve. Either preformed or twisted Teflon filament packing can be used. When
using twisted Teflon filament packing, untwist the Teflon and use only asingle strand. Pack
Teflon tightly; otherwise, moisture can get into the valve and freeze when the valve is cold.

9. Reassemble the valve. Make sure that mating surfaces are clean and properly seated. If the
repaired valve is not to be reinstalled immediately, seal it in a polyethylene bag for storage.
Apply alabel to the bag such as“CLEAN VALVE - DO NOT OPEN BAG UNLESS UNIT
ISTO BE INSTALLED”.

TANK SAFETY RELIEF VALVE (PSV-1A/1B)

The safety relief valve will open and release gas to protect the tank from over-pressurization.
Therelief valve cannot be repaired; it needsto be replaced when it shows signs of leaking or
malfunctioning.
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TESTING AFTER REPAIR

After making repairs requiring disassembly or parts replacement, leak test all valves and piping
joints that were taken apart and reconnected. Do not return the VS-CO02 to service until all leaks
have been corrected and the tank retested.

RETURNING DEFECTIVE COMPONENTS

If a defective component or assembly isto be returned to the factory for repair, carefully package
the unit for shipment in a durable container enclosed in an outer carton to prevent further
damage. Inyour letter of transmittal, state the nature of the problem, checks already made,
repairs attempted, etc. Thisinformation will enable most repair work to be performed faster and
more economically. Contact Chart customer service at (1-800-247-4446 or 1-800-241-7452)
prior to any component return.
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SECTION 8 SPARE PARTS LISTS

C0O2-01 Spare Parts Kits

See page 2 of P&ID
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SECTION 7 ILLUSTRATIONS

OUTLINE & DIMENSION DRAWINGS

VS-6TON C-11642957
VS-14TON C-11640935
VS-30/50TON C-11639707
HS-6TON C-11694141
HS-14TON C-11666801
HS-30/50TON C-11681649

P&ID DRAWING For Specific Tank




INNER VESSFL DESIGN DATA

Mode | V$-6TON CO2/N20
HE 350
MAKP: barg 24,13
DESIGH PS16G 370
PRESSURE barg 25.51
CODE COMPL IANCE: ASME SECTION VI1I DIVISION |
DESIGN °F [-30° 10 140°
TEMPERATURE[ "¢ |-34" 10 38

MATERIAL OF CONSTRUCTION:

SAE12 CARBON STEEL

LIFT LU
N\

3T-1416 19411

\/TMJH o

| C- 11642057

OUTER VESSEL DATA

FULL YACUUM PER CGA-341

CODE COMPL [ANCE :

DES IGN
TEMPERATURE

F [-200 TQ 300°

°C [-29° TO 149

MATERIAL OF CONSTRUCTION:

A36 CARBON STEEL

INSULATION TYPE:

VACUUM AND MULTILAYER INSULATICN

EVACUATION CONNECTION: 3-

1/2" FUMPGUT PORT

YACUUM GAUGE CONNECTION:

HASTINGS DV&R

BULDING CODE:

DESIGNED FOR CURRENT BUILDING CODE SEE MVE

UBC POLICY #NP-180

WEIGHTS AND SHIPPING DATA

MODEL: VS8TON
WETGHT POUNDS 3,000
EMPTY KLOGRANS 1. 080
WEIGHT POUNDS 21,800
FULL | CO2IN20 A e RS 3,890
SHIFPING TNCHES TSTXTSXT5
D IMENS |ONS MM'S 4750 X 1905 % 1905
CAPACITES
MODEL: VSoToN
GALLONS | 1,595
cRoSS | LITERS | 6.038
(COLD) | TON 68
TONNE 6.2
CAPACITY GALLONS | 1.518
NET [ LITERS | 5.750
(COLD) [ TON 64
TONNE 53
GRSES EGNVALENT SCF | 172,000
AT LT D (02 TE 7 400
BASES EDXIVALENT SCF | 135,300
AT | T4 D K N2 NN3 3,800

15-9716 [470]
18-9/16 [4701
= )
1
LIFT LUG
- g8I727] —— =
REF
OUTER VESSEL
oD
TOP VIEX _— BOLIS2] ]
SCALE: Nk REF
INNER ¥ESSEL
1D
3o [ aa s ™
- 4l 186-144
E“J—L 147241
REF
F |
[ |3?2] A4-3/4 \¢
4 . —j I-142038] =
r2il 148031
h W, =

EQOT PAD
I~ 1741371 THK
TYP {3} PLCS

APPROVED| DATE
C | 12022 [WG BLT WL DIW SCHEWE| ROW | 1278702 |8 JJs | 1078701
Bl - ADDED NZ0 15| 8/9/02 B9 WM | 1177701 | WA ke | USED ON | WHAST[IBLIT
A | 11942 | UPDATE WEIGHTS 16 [e-21-02 |g‘.-., - - APPLICATION QIANTITY REG'D
REV| ECR O |REVISION DESCRIPTION| BY DATE |32 WDS [ 10716701 | g Sytons Do
15 TIE EXCLSIVE PRCRENTY 6 CIART IIC., AKD b TTE Q4D VS-BTON

15 CONFILENTIAL AAD FROPRIETARY INFORMATION,
THIS [NFORANT 1M NAT BOT BE REFROBUCED,
COF(ED, OR LOMED, IN FART OR IN WHOLE, NOR
15 THE INFCRMATICH TC-BE RELATED 10 MNT PARTT
HITHOUT CHART'S PRIOR BRITTEN COMSENT.

PART NUMBER
1642957

IMLESS ATHERNISE SPEEIFIED
DIMENSIONS ARE 1N | NEHES,

TOLERANCES :

FRACTICNS & _ | /8
MELEE £ |

3 PLACE DECIWULS £ WA
3 PLACE DECIWALS &=  HA

CO2/N20 350 P3| ASME

Iim?.‘lﬁ"Zl'

w C- 11642957 " c

00 KOT SCALE [HEET
DRARING | OF |




INNER VESSEL. DESIGN DATA ‘wﬂ“ C- 11640935
Mode | ; ¥S-14TON CO2/N20 4-144 [108] —-—‘f
: PS16 350 4-174 11081
MARP: barg 2413 e e TANK 0D
DESIGN PSIG 3717 =
PRESSURE  [barg 260 >3 Ty
CODE COMPLTANCE: _ASME SECTION V111 DIVISION I I~ - [ 12-1116 [308]
DES IGN °F [-30° TO 100° / . — 15-1/8 1403] i
TEMPERATURE[ °C [-34° TO 38° I0-1/8 [294] - \ ~ 18-T/16 [494]
MATCRIAL OF CONSTRUCTION:  SAG12 CARBON STLLL S1-172 001 '
OUTER VESSEL DATA [ é
CODE COMPLIANCE FULL YACUUM PER CGA-341 -—_ t—t————— - e BS[REE'FS"] ™
DESIGN °F [-20° TO 300° '," OUTER VESSEL
TEMPERATURE[ "¢ [-29° TC 149" 23144 (5811 op
MATERIAL OF CONSTRUCTION: h36 CARBON STEEL /"' ‘
INSULATION TYPE:  VACUUM AND MULTILAYER INSULATION LIFT Lo 97 i 16018301 -
EVACUATION COMNECTION; J-142" PUMPQUT PQRT : REF
VACUUM GAUGE CONNECTICN: HASTINGS DVGR AL R ot
BULDING CODE: FILL—"] ™~—LIFT LUE
DESIGNED FOR CURRENT BUILDING CODE SEE MVE 25178 sebe 25- 78
UBC POLICY #NP-180 16381 16381
29-3/8 — et — 79-3/8 —ierl
17461 17461 o8
— 31 -3/ 4 —mmle— 3| - /1§ =] R
WEIGHTS AND SHPPING DATA 8a6]
MODEL: VSKTON = (1
WE | GHT POUNDS 17,400
EMPTY KILOGRAMS 1,900 o T
WE IGHT POUNDS 42,600 = 13304 = SCALE: RIA
FuLL | “C2/N20N T ograws 19, 330 T e N
SHIPPING [NCHES 226 % 86 X 86 ik e
DIMENS IONS MM S 37191 X 72184 X 2184 4-5¢16 *
[ile]
} 9 ° 1-513*[|941 16-114
CAPACITIES L1716 14131
MODEL: VS14TON Ko
GALLONS | 3,176 Ji
GROSS L ITERS | 1,833
(CoLD) TON 13.2 AR
TONNE 2.0 -0
CAPACITY GALLONS | 2,917 (4 PLES)
NET | LITERS | 11,269 FOOT_PAD
(COLD) TON 2.6 TYP (3) PLCS FPPROVED DATE
TONNE .4 me JJs [ 1o72401
GASES EQUIVALENT SCF 220 000 B 12072 REY BLT HOLE DIM SCHM RDW 12764072 |?§" KM IHATA00 | NEST MSS°'Y USED ON BT K5 [FIBL W5S'T]
AT1IA%H‘AE£H [oleF NM3 5 }00 A . ADDED W20 1J5 979702 |g.. - - APPLICATION QUANTITY REG'D
: REV| EGR NO |REVISION DESCRIPTION| BY DATE [|B: WDS | 10718701 Sratoms Dibdn
A{l_.\ﬁs“mvm%' N20 SCF 263, 200 THE WATERIALS A0 INFORATION, IWCLUDING THE  [WoT°L Is&, - - Omw
1 ATM AND 0°C NM3 1,450 PRIKCIPLES OF BESIGN CONTAINED 1N THIS i, e TTLE 0 2 D ¥S-14TON C0O7

13 THE EACLISIVE PAGPERTY OF CHART IIEC., AMD
15 CONFIDENTIAL AN FROPRICTARY INFORMNTIOW,
THIS [NFORAAT ION NAT WOT BE REFROBUCED,
COP(ED, GR LOMNED, IN PART OR I NKOLE, NOR
13 THE INFORMATICN T& BE RELATED 1O ANT PARIT
NITHOUT CHART"S PAIOR BRITTEN ODMSENT.

PART NUMBER
1640935

llLESS OTHEANISE SPEEIFIER
DIMENSIONS ARE 1N | NCHES,

TOLERANCES :
FII.I:IIHA.:E + _I/B
2 PLAGE JEC III\I &
3 PLAE DECINALS = Nl

N2G 350 PSI ASME
w C-11640935 B

[EHEET
r AT ST 7ol




INNER VESSEL DESIGN DATA 55118 [ C- 11639707
Mode | ¥$-30/50TON CO2/N20 LIFT LUG L1331 5-5/16 [135]
P e 5 THE \y | . TANK_FEIGHT
DESIGN PSIC 378 v v L R L P
PRESSURE _|barg 26.03 52112 T e S ' \ ¥5-3010N] 287172901
CODE COMPLIANCE: ASME SECTION VIII DIVISION | faser 4431 T / i ; vs-soToN| 205C103121
DES|GN °F [-30° 10 100° -1y - \
TEMPERATURE[ ¢ |-34° TO 38° ‘ e | '
MATERIAL OF CONSTRUCTION:  SAGI? CARBON STEEL i | | :
OUTER VESSEL DATA 28-115 o62] '- i ~ — =
CODE_COMPLIANCE: _ FULL VACUUM PER CGA-3d1 —————%3 : o ° - 72)
DESIGN *F [-20° TC 300° f ! : 1% it = =
TEMPERATURE[ °C [-20° TO 140° L pe-rsr1e LIFT LU - | i e a-ar18029001
MATERIAL OF CONSTRUCTION:  A36 CARBON STEEL (7601 e ..f‘(\
INSULATION TYPE:  VACUUM AND MULTILAYER INSULATION LIFT LLg QUTER ¥esseL
EVACUATION CONNFCT ION: 3-1/2" PUMPOUT FORT 3-3/8 [930] L
VACUUM GAUGE CONNECTION: HASTINGS DVGR 40-7/8 [1038]
BULDING CODE: 43-3718 [1100] 102025¢1] ————=]
DESIGNED FOR CURRENT BUILDING CODE SEE MVE 47-3116 112681 .
UBC POLICY #NP- 180 o
TOF ¥YIEW
SCALE: W/A
jem—— Q[ 45T] ———m= A"
WEIGHTS AND SHIPPING DATA 4-374 —= 8-1/212161
MODEL: V5-30TON VS50TON tizil =118
WEIGHT POUNDS 39,600 56,900 5118
EMPTY KILOGRAMS 17,970 25,810 n \
WEIGHT POUNDS 98,800 148,600
oL |C02/N20 e e R ams 11,820 67,410 A A
SHIFPING THCHES 287 X 115 X 115 | 406 X 115 X 115
DIMENS IONS MM'S 7290 X 2921 % 2921010312 X 2921 ¥ 2971
18
[457]
CAPACITES ?
MODEL: V530TON | VS-50TON N ~
GALLCNS | 7,339 1,367 \_@ 1-3AL1871
GROSS | LITERS | 27.781 | 43,029
{COLD) TON 3.1 48. | |%F‘$& P804
TONNE 28.2 13,6 TYP (3) PLES -0 SCALE 1432
CAPACITY GALLCNS | 6,989 10,826 (4 FLES)
NET LITERS 26,456 40,4981 APPROVED] DATE
(COLD! TON 29.6 45.8 Lic" JJ§ | 8s268401
TONNE 26.9 41.5 B 12922 CHG 08D DIM SCHEME ROW 12-9-02 IEE" HNJ I1ATF01 | NEST BSS'Y USED ON MEST B85 [HIML ST
n_tr;ﬁmmﬂgmh o SCF 517,500 | 801,000 ] - ADDED K20 15| sr9/02 |g‘.-., - - APPLICATION QUANTITY REG'D
REY| ECR MO |REWISION DESCRIPTION BY DATE [®%: WDS |[I0718401 Syatoms: Divion
G;é;"m"ﬁﬂ;" ggg 6|232 549000 gZBI 7 0|0000 THE KATERIALS AME INFORNATION, TICLDIMG THE  [MAT'L . | Fas @ m— Opanstions
AT 1 ATH MD T0°F/ N2O PAICPIS MLt Sl L . GHE TTH & D VS-30/50TON CO?
1 ATM AND 0°C NM3 | 7,480 21,070 I CONFIGEITIAL ARD FRPRIETARY NGORHHT 108, INLESS CTHERNISE SPECIFICD NZ2O 350 PS| ASME
ol S 1S TR ?.';‘,'.::'i-"i,': ™ Ewc fie3e707 [~ B
{ ' d PART NUMBER -
o e e et | MB39707  [th b r e | PR







INNER VESSEL DESIGN DATA

Modet HS-4TON CO2/N20
PS |G 350
MANP: barg FTRE
DESIGN PS 6 377
PRESSURE barg 26.01
CODE_GCOMPLIANCE: ASME SECTION VII1 DIVISIGN |
DESIGN °F [-30° TO 10¢°
TEMPERATURE | °C_ |-34° 10 38

MATERIAL OF CONSTRUCTION:

SA612 CARBON STEEL

OUTER VESSEL DATA

CODE COMPLIANCE:

FULL VACUUM PER CGA-341

P [-200 TO 300

DESIGN
TEMPERATURE | °C  |-29° 70 |

19"

MATERIAL OF CONSTRUCTION:

436 CARBON STEEL

INSULATION TYPE

IVACUUM AND MULTILAYER INSULATION

EVACUATION CONNECTION:

3-142" PUMPOUT PORT

VACULM GAUGE CONNECTION:

HASTING DVGR

BUILDING
DESIGNED FOR CURRENT BU

UBC POLICY #NP-I180

E:
ILDING CODE SEE MYE

WEIGHTS AND SHIPPING DATA

NODEL- HERTON
WEIGHT POUNDS 17,400
EWPTY {1LOGRANS 7,890
WEIGHT POUNDS 12,600
L | CO2/NZ0 TR e 19,320
SHPPNG | TRCHES (L + % * M) 333 1 86 1 55

DIMENSIONS [WM'S (L v W « H)|5.913 x 2,184 x 2 413

CAPACITIES

WODEL: TSRO

GALLONS | 3,126

5ROSS [ LITERS | 11,833

(COLD) [ TON 3.2

TONNE | 12.0

CAPACITY TALLONS | 2,877
NET [ LITERS | 11,269

(coLD) [ TON 2.6

TONNE | 11,4
GASES EQUIVALENT SCF | 220,500

AT 1 ATM AND 70°F/ | co?

{ ATM AND 0°C NM3 5,180
GASES EQUVALENT ST | 255,200

AT 1 ATM AND 70°F/ | n20

1 ATM AND 0°C NM3 7,450

[—————— 206-5/8 [5248]

e C- 1666801

95
[2413]
REF

86 [21B4] REF
QUTER VESEL
DIAMETER

16 [19301 REF
INNER VESSEL
DIAMETER

[m——— 166 [4216] TO MIDPQINT OF SLOT ——=

. o @
aa o a
15 13011 15 1381
] muﬁ—‘*rw 4-—|’|-~s [203]
§  3-1/2 1831 = P 3-172 1891 §
12 13051 /== L l | | ==\ 12 [305]
o o
60 115241
50 [15241
a1 12134)
=]
\ 4 ] _%m—au 1441
: Y 2-142 164 Ls sLOT
@ 1-34 1441 TP 4 pLes TIP 4 PLES
SCALE 1420
FPPROVED DATE
B JJS |12-15-00
o7 waJ | 873102 | AT | _USED ON |GV [IRLATT
N ADDED NZ0 N EHETE |g=;._ - - APPLICATION DUANTITY RE0'D
REV] ECR O |REVISION DESCRIPTION| BY | DATE [B: WDS | 5713702 g puns D
PRIHES O I TR, el | B o
SRR, o i B s
o EEETE] S
) X . TRITIONE + | 1/8 -
15 THE INFOINET 04 T 0 AELVTED 10 MT MRTT PART WUMBER  foaes o " B C-fie66801 5|<En|— A
HITHOUT CHRRT'S PAIOR IITIEN OMSENT. ns6Ge801  |jLEuss W e | P e [ oF




INNER VESSEL DESIGN DATA

Model:

VS-30/50TON CO2/N2C

MAWP ;

PS1G

350

barg

24,13

DESIGH

PS1G

378

PRESSURE

harg

26.03

CODE COMPLI ANCE

ASME SECTICN V111 DIVISION |

DESIGH °F

-30° 1O 100°

TEMPERATURE| °¢

-38 10 38

MATERIAL OF

CONSTRUCTION:

SA612 CARBON STEEL

QUTER VESSEL DATA

15 [38]] ——=y

CODE COMPLIANCE:

FULL YACUUM PER CGA-34I

8 [203] ——m

DESIGN il

-26° 70 300°

3-172 L8]

|#* C- 1681649

-«

REF

=l/4
[3206]

ﬂ7|u-3us 12900
REF OLUTER

b KESSEL DIAMETER

i?

102 123911
REF INKE
MESSEL DIAMETER

T

TEMPERATURE| ¢

=287 TO 149

MATERIAL OF CONSTRUCTION:

436 CARBON STEEL

9 [229] —l

[9 [2291

INSULATION TYPE:

YACUUM AND MULTILAYER INSULATION

EVACUAT [ON CONNECTIQN: 3-1/2" PUMPQUT PQORT

VACUUM GAUGE CONNECTION:

HASTINGS DVER

82 [2337]

DESIGNED FOR CURRENT BUILDING CODE SEE MYE

BULDING CODE:
UBC POLICY #NP-180

]

|

92 [
[23371 (27841

"B TO MDPOINT OF SLOT

WEIGHTS AND SHPPNG DATA
MODEL: HS-30TON HS 50T
WEIGHT POUNDS 39,700 56,900
EMPTY KILOGRANS 8. 008 25.809
WE GHT POUNDS 99,100 | 48,600
ULl |“O%NEOT e T ogRaNs 14,95] 57,404
SHIPP NG TRCAES /0K 115 X 127 396 % 115 ¥ 127
DIMENS | ONS NS 1012 X 2021 ¥ 3326 | 10,058 % 2921 % 3326
CAPACITIES
MODEL: HS-30TON | HS-50TON
CALLORS | 7,380 | 11,367
5ROSS | LITERS | 27,873 | 43.029
(COLD} [ TON 3.3 18
TONNE | 28,4 235
CAPACITY CALLONS | 7,038 | 10,676
NET | LITERS | 26,641 | 40,981
(COLD) [ TON 29.8 15.8
TONNE | 27.0 1.5
s B SCF | 519,700 | 801,500
”ﬂﬂ"u".':’ R Loz A3 | 13,840 | 21,040
BAES B SCF | 625,100 | 964, 100
”u'a‘rﬁ"u".':’az‘m N20 M3 | 17,550 | 27,070

@B1-3/4 [ad] m’/

\—¢I-3M [d4] X 2-1/2 [64] SLOT TYF

ITHOUT CHART'S PRICR BRITTEN ODMSENT.

1681649

2 PLACE BECIWULS = WA
3 PLACE DECIMALS = KA

TANK LENGTH
MODEL DIM "A" REF
HS-30TON[?67-5/8[6798
HS-50TON|383-5/8197441
SADDLE LENGTH
MODEL DM B REF
HS-30TON| 220055881
HS-50TON| 336085341
Fpnnvzn DATE
Wn JJs | 271402
fof* W) | 277702 [ WA | USED ON | Waaet LT
Al - ADDED NZO 15 |9718i02 |g.-._ - APPLICATIQN QUNTITY BE'D
REY| ECR MO |REVISION DESCRIPTION| AY DATE | DS | 2/8/02 Sorge Spave
FRMIRES & DS COMS 4 TS e, | [ fus -
15 THE FACLISIVE PROPEFTY OF CHANT IIC., AND i CHE TTHRD HS-30/50TON CC2/N20
15 CONFILENTIAL AN PROPEIETARY INFORNAT 10N, INLESS DEADSE SMELED 350PS| ASME
THIS IWORANTIO AT T BE AEFBORLCED, i e s -
T Tl Il

D0 HOT SCALE [EHEET

l:.ll
/64" 21" AN | MG | OF |
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