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1.2

1.3

INTRODUCTION

SCOPE

This pamphlet provides guidelines, recommended practices and other useful information for
the safe shipping, receiving, testing and handling of cargo tank motor vehicles and portable
tanks used to transport chlorine by highway. It represents a compendium of Institute
membership experience as of the date of publication.

CHORINE INSTITUTE STEWARDSHIP PROGRAM

The Chlorine Institute, Inc. exists to support the chlor-alkali industry and serve the public by
fostering continuous improvements to safety and the protection of human health and the
environment connected with the production, distribution and use of chlorine, sodium and
potassium hydroxides, and sodium hypochlorite: and the distribution and use of hydrogen
chloride. This support extends to giving continued attention to the security of chlorine
handling operations.

Chlorine Institute members are committed to adopting CI's safety and stewardship
initiatives, including pamphlets, checklists, and incident sharing, that will assist members in
achieving measurable improvement. For more information on the Institute’s stewardship
program, visit CI's website at www.chlorineinstitute.org.

DEFINITIONS

In this pamphlet, the following meanings apply unless otherwise noted:

cargo tank any tank permanently attached to or forming a part of any motor
vehicle or any bulk liquid or compressed gas packaging not
permanently attached to any motor vehicle which by reason of its
size, construction or attachment to a motor vehicle, is loaded or
unloaded without being removed from the motor vehicle. This
does not include a portable tank.

cargo tank motor a motor vehicle with one or more cargo tanks permanently

vehicle attached to or forming an integral part of the motor vehicle (49
CFR 171.8)
carrier a person engaged in the transportation of passengers or

property as a common, contract or private carrier
CCPA Canadian Chemical Producers Association
CFR Code of Federal Regulations

chlorine dry chlorine (either liquid or gas)
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DCE

dry air or
nitrogen

DOT
DHS
FMCSA

filling density

Institute
kPa

motor vehicle

NPSH
NTTC
PHMSA
TC

TSA

portable tank

psig

tank

Design certifying engineer

air or nitrogen dried to a dew point of -40°F (-40°C) or below
measured at the operating pressure

U.S. Department of Transportation
U.S. Department of Homeland Security
Federal Motor Carrier Safety Administration

the percent ratio of the weight of gas in the tank to the
weight of water that the tank will hold (49 CFR 173.315)

The Chlorine Institute, Inc.

kilopascal(s)

a vehicle, machine, tractor, trailer or semi-trailer, or any
combination thereof, propelled or drawn by mechanical
power and used upon the highways in the transportation of
passengers or property (49 CFR 171.8)

Net Positive Suction Head

National Tank Truck Carriers, Inc.

Pipeline and Hazardous Materials Safety Administration
Transport Canada

Transportation Security Administration

a bulk packaging (except a cylinder having a water capacity
of 1000 Ibs or less) designed primarily to be loaded onto or
on, or temporarily attached to a transport vehicle or ship and
equipped with skids, mounting, or accessories to facilitate
handling of the tank by mechanical means. It does not
include a cargo tank, tank car, multi-unit tank car tank, or
trailer carrying 3AX, 3AAX, or 3T cylinders (49 CFR 171.8)

pounds per square inch gauge

the chlorine containing vessel which conforms to MC 331,
MC 330, or DOT 51
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1.4

15

1.6

1.7

2.1

2.2

DISCLAIMER

The information in this pamphlet is drawn from sources believed to be reliable. The Institute
and its members, jointly and severally, make no guarantee and assume no liability in
connection with any of this information. Moreover, it should not be assumed that every
acceptable procedure is included or that special circumstances may not warrant modified or
additional procedures. The user should be aware that changing technology or regulations
may require a change in the recommendations herein. Appropriate steps should be taken
to ensure the information is current when used. These suggestions should not be confused
with federal, state, provincial, municipal or insurance requirements, or with national safety
codes.

APPROVAL

The Institute’s Transportation Issue Team approved Edition 9 of this pamphlet on January
15, 2009.

REVISIONS

Suggestions for revision should be directed to the Secretary of the Institute.

REPRODUCTION

The contents of this pamphlet are not to be copied for publication, in whole or in part,
without prior Institute permission.

GENERAL INFORMATION

CHLORINE IN COMMERCE

Chlorine is classified for transportation by the DOT as a Class 2, Division 2.3 poison gas
with a subsidiary corrosive hazard. In Canada, chlorine is classified by TC as a Class 2,
Division 2.3 poison gas with a secondary classification of Class 5, Division 5.1 oxidizer. The
classification in Mexico is the same as in Canada. The United Nations identification for
chlorine is U.N. 1017. New chlorine cargo tanks must be constructed in accordance with
specification MC 331. Existing MC 330 specification cargo tanks are also authorized for the
carriage of chlorine provided the tank was marked or certified before May 15, 1967.
Chlorine may also be carried in a Specification 51 portable tank.

RELATED PUBLICATIONS

For additional information on the physical properties of chlorine, cargo handling, personal
protective equipment and cargo tank motor vehicle and portable tank related items, the
reader should refer to Section 14.
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3.1

3.2

A source of information for shippers and carriers with guidance on day-to-day operational
concerns with tank truck transportation of chemicals is the Inter-Industry Bulk Chemical
Highway Safety Task Force Recommendations published by the American Chemistry
Council and NTTC.

Sources of security guidance include The Chlorine Institute Security Management Plan for
Transportation and On-Site Storage and Use of Chlorine Cylinders, Ton Containers and

Cargo Tanks, and the American Trucking Association Sample Hazmat Transportation
Security Plan (Reference 14.6.2).

EMERGENCY RESPONSE

EMERGENCY PLANNING

Facilities and Transfer Sites

All personnel responsible for transfer operations should be completely familiar with the
facility's emergency plan for handling spills and leaks of product.

Transportation

The DOT has specific training requirements applicable to the handling of hazardous
materials. Shippers must familiarize themselves with these requirements. In particular,
DOT requires each operator of a cargo tank motor vehicle to have written procedures for all
delivery operations. The procedures must describe the emergency discharge control
features. For chlorine cargo tanks, this includes the parameters within which the excess
flow valves will function to shut down cargo flow in the event there is a complete separation
of the cargo transfer hose. Reference is made to 49 CFR 177.840(]) (Reference 14.2.1).

CHLOREP

The Chlorine Emergency Plan (CHLOREP) is an industry-wide program established by the
Institute to improve the speed and effectiveness of response to chlorine emergencies in the
United States and Canada. Under this plan the United States and Canada have been
divided into regional sectors where chlorine emergency teams from producing, packager
and consuming plants are on a 24-hour alert to handle potential or actual chlorine
emergencies. During a chlorine emergency, any carrier, customer, or civil authority can
obtain basic emergency information and be put in contact with the closest chlorine
emergency group by phoning an emergency dispatch agency.

CHEMTREC AND CANUTEC

For transportation-related incidents in the U.S., one should utilize CHEMTREC, the
Chemical Transportation Emergency Center in Arlington, VA, as the dispatch agency.
CHEMTREC operates around-the-clock, 24 hours-a-day, seven days-a-week to receive
direct-dial, toll-free calls from any point in the United States and Canada at 1-800-424-9300
(800-262-8200 for all other calls). CHEMTREC provides immediate advice for those at the
scene of emergencies, then, if the emergency involves chlorine, promptly contacts the
designated CHLOREP team, the shipper and others as required.
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3.3

3.4

3.5

Registration with CHEMTREC is provided through the American Chemistry Council. In
Canada, one should utilize CANUTEC, the Canadian Transport Emergency Centre in
Ottawa as the dispatch agency. Their telephone number is 613-996-6666 (call collect).
CANUTEC, administered by TC, operates in a similar manner to CHEMTREC.

EMERGENCY KITS AND RESPONSE TRAINING

Leaks that may occur in chlorine tanks usually involve the angle valves or pressure relief
device and can be controlled with the Institute’s Emergency Kit C. Over 2000 of these and
earlier kits are in existence throughout the United States and Canada. These kits should be
on site or readily available where tanks are in storage or in use. Each chlorine motor
vehicle must carry an emergency Kit.

The driver of the motor vehicle and shipper/receiver response personnel must be trained to
properly apply this kit in emergency situations. A useful introduction to training for a
chlorine emergency is found in The Chlorine Institute’s DVD “Chlorine Emergencies: An
Overview for First Responders”.

PERSONAL PROTECTIVE EQUIPMENT

DOT regulations specify that chlorine tank motor vehicles be shipped with a gas mask
approved for chlorine service. In the U.S. all respiratory equipment and maintenance
thereof must comply with OSHA standards. Since itis unlikely the concentration of chlorine
present in an emergency situation can be adequately monitored, it is recommended that a
self contained breathing apparatus (SCBA) with a full face piece with at least 20 minutes of
air operated in the positive pressure mode be carried on the motor vehicle. Institute
recommendations on a suitable respiratory protection program are contained in Cl Pamphlet
65. The driver of the vehicle must be trained in and familiar with all respiratory protection
furnished. SCBA should also be available at loading and unloading sites.

REPORTING OF RELEASE

Chlorine is identified as hazardous substances in Table 302.4 - List of Hazardous
Substances and Reportable Quantities of 40 CFR 302.4. CERCLA requires immediate
notification of a release equal to or in excess of the reportable quantity while in
transportation or at shipping or receiving facilities when not in transportation. The
reportable quantity of chlorine is 10 pounds (4.54 Kg). Should a reportable release occur in
the U.S., the law requires the National Response Center (1-800-424-8802) to be
immediately notified. Incidents that occur in transportation also require reporting to DOT in a
5800 report. In Canada appropriate provincial response authorities must be immediately
advised of a chlorine release of any quantity. State, provincial and local laws may require
reporting to the appropriate state and/or local environmental agencies at lower thresholds or
of any quantity.
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4.1

REGULATORY REQUIREMENTS AND GUIDANCE FOR SAFETY AND SECURITY

DOT REGULATIONS

The DOT regulates the acceptance and transportation of hazardous materials including the
specifications for shipping containers. As chlorine is a hazardous material, it is imperative
that personnel involved in any aspect of handling, packaging and/or transportation of
chlorine are knowledgeable of the regulatory requirements pertaining to chlorine. DOT
regulations include requirements for plans to address security risks related to transportation
of hazardous materials including chlorine. Publications should be readily available for
reference. For ordering information, see Section 14.

Title 49 CFR details all of the requirements for hazardous material transportation in the
United States. Pertinent sections in the DOT regulations in Title 49 CFR that cover many of
the requirements relating to chlorine cargo tanks are identified below. Once a chlorine tank
has been removed from the motor vehicle, it is no longer a cargo tank as defined by DOT
and is not regulated under the DOT Hazardous Material Regulations 49 CFR Parts 171 —
180.

Part 107 General registration requirements

Part 171.8 Definitions and abbreviations

Part 171.15 Immediate notice of certain hazardous materials incidents
Part 171.16 Detailed hazardous materials incident reports

Part 172.101
Part 172.102
Part 172.200
Part 172.201
Part 172.202
Part 172.203
Part 172.204
Part 172.302
Part 172.313
Part 172.326
Part 172.328

Parts 172.500-519

Part 172.540

Hazardous materials table

Special provisions

Applicability (shipping papers)

General entries (shipping papers)

Description of hazardous materials on shipping papers
Additional description requirements (shipping papers)
Shipper’s certification

General marking requirements for bulk packaging
Poisonous hazardous materials

Portable tanks

Cargo tanks (marking)

Placarding

POISON GAS placard



RECOMMENDED PRACTICES FOR HANDLING
CHLORINE BULK HIGHWAY TRANSPORTS

Part 172.555
Parts 172.600-604
Parts 172.700-704
Parts 172.800-804
Part 173.32

Part 173.33

Part 173.315

Part 177.800

Part 177.816

Part 177.817

Part 177.834

Part 177.840

Part 178.245

Part 178.320

Part 178.337
Parts 180.401-417
Part 180.415

Part 397

Part 383

Part 387
Part 389

Part 390
Part 391
Part 392
Part 393
Part 394
Part 395

Poison inhalation hazard placard

Subpart G emergency response information

Subpart H - Training

Subpart | — Security Plans

Quialification, maintenance and use of portable tanks
Qualification, maintenance and use of cargo tanks
Compressed gases in cargo tanks and portable tanks

Purpose and scope of this part and responsibility for
compliance and training (carriage by public highway)

Driver training

Shipping papers

General Requirements (Loading and Unloading)

Class 2 (gases) materials (Loading and Unloading)
Specification 51 (portable tank)

General requirements applicable to all DOT specifications
Cargo tank specification MC 331

Qualification and maintenance of cargo tanks

Test and inspection markings

Transportation of hazardous materials: driving and parking
rules

Commercial driver’s license standard; requirements and
penalties

Minimum levels of financial responsibility of motor carriers

Rule making procedures - Federal motor carrier safety
regulations

Federal Motor Carrier Safety Regulations: General
Quialifications of drivers

Driving of motor vehicles

Parts and accessories necessary for safe operation
Notification and reporting of accidents

Hours of service of drivers
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Part 396 Inspection, repair and maintenance
Part 397 Transportation of hazardous materials; driving and parking
rule
Part 399 Employee safety and health standards

4.2

4.3

4.4

4.5

TSA VOLUNTARY MEASURES

TSA has developed voluntary Security Action Items which have been made available to
those involved in the shipment of certain Security Sensitive Hazardous Materials. These
measures should be considered in concert with industry guidance by those who load,
transport, store incidental to transport or unload Security Sensitive Hazardous Materials
including chlorine.

EPA REGULATIONS

In the United States, when chlorine is used for disinfection of drinking water, waste water
and swimming pools it is considered to be a fungicide and is subject to EPA regulations
issued under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA). The EPA
regulations, found in 40 CFR Subchapter E and in particular 40 CFR 156, require shipper
registration with EPA and appropriate labeling (Reference 14.4).

OSHA REGULATIONS

The OSHA occupational safety and health standards are found in Title 29 CFR Part 1910.
Title 29 CFR 1910 regulates material handling and storage, 29CFR 1910 regulates process
safety management, 29 CFR 1910 regulates the emergency response to hazardous
substance releases and 29 CFR subpart | regulates personal protective equipment.
(Reference 14.5)

CANADA REGULATIONS

The Canadian regulations for the Transportation of Dangerous Goods (TDG) parallel DOT
requirements in most respects. The Canadian regulations can be found in the Canadian
Transportation of Dangerous Goods Act and Regulations. These regulations include, by
reference, various standards and specifications found in Canadian Standards Association
(CSA) publications and in Canadian General Standards Board (CGSB) publications. There
are also provincial regulations specific to each province (Reference 14.3).
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4.6

4.7

5.1

5.2

5.3

MEXICO REGULATIONS

The Normas Officiales de Mexico (Official Mexican Standards), often referred to as Normas
or NOMs, support the Mexican Hazardous Materials Land Transportation Regulation. The
Mexican Secretariat for Communications and Transport is responsible for publishing and
applying the NOMs. The Mexican NOMs are fairly consistent with those of the United
Nations Recommendations on the Transport of Dangerous Goods (UN Recommendations)
and TC and DOT regulations.

LOCAL REQUIREMENTS

In addition to federal requirements, state, provisional or local requirements might affect
these operations. The reader is cautioned to check applicable codes.

TANK DESCRIPTION

SIZE AND TYPE

Chlorine cargo tanks and portable tanks in North America range in chlorine capacity from 9
to 22 tons. Tanks can be mounted in ISO frames, custom trailer mounts or be permanently
mounted on or part of truck or trailer assemblies. There are many trailer assemblies that
conform to DOT MC 331 specification. Figures 5.1 through 5.4 give outline drawings with
approximate dimensions for several types of units.

INSULATION

Insulation for chlorine tanks is four inches minimum of cork board, or four inches of
polyurethane foam or at least two inches of 4-pound per cubic foot (minimum) density
ceramic fiber covered by two inches of glass fiber. The insulation is covered with a carbon
steel or stainless steel jacket. A protective coating is applied to the exterior surface of the
tank and to the inside surface of the steel jacket. The jacket is flashed around all openings
S0 as to be weather tight.

TANK ARRANGEMENT AND EQUIPMENT

Manway Arrangements

All tanks are equipped with manway arrangements in accordance with Cl Drawing 137. The
manway cover, all standard valves, studs and gaskets are detailed in pertinent Institute
drawings. This arrangement facilitates the use of the Institute’s Emergency Kit C.
Maintenance pamphlets are available for all standard valves.
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Angle Valves

Most cargo tanks are equipped with four 1 inch manual angle valves. Reference is made to
49 CFR 178.337-9 (b)(8) (Reference 14.2.1). Effective October 1, 2008 in addition to valves
designed per CI Drawing 104, valves meeting Cl Pamphlet 166, Section 3 performance
standards may be utilized without a special permit. The two angle valves on the longitudinal
center line of the tank are for liquid discharge.

The two valves on the transverse center line are connected to the vapor space. The liquid
valves are each equipped with 1.25-inch (31.75 mm) diameter eduction pipes extending to
the bottom of the tank for unloading of the contents. (NOTE: angle valves should be capped
when not in use)

Excess Flow Valve

Each eduction pipe is equipped with an excess flow valve having a maximum operating flow
rate of 7,000 Ibs (3175.2 kg) of liquid chlorine per hour (See Cl Drawing 101). Vapor valves
must be equipped with excess flow valves per Cl Drawing 106. Reference is made to 49
CFR 178.337-8(b) (Reference 14.2.1). Other excess flow valve arrangements may be used
with a DOT special permit.
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6.1

Pressure Relief Device

Each tank is equipped with a pressure relief device located in the center of the manway
cover. Other authorized pressure relief devices can be used. The device is set to
discharge at 225 psig (1551 kPa). See Cl Drawings H-50155 (elastomeric seat design) and
H-51970 (metallic seat design).

Accessories

Trucks and trailers may carry transfer hoses in specially designed racks that ensure hose
integrity and dry chlorine transfer (note: transfer hoses should be plugged at both ends
when notin use). All chlorine tank haulers carry the Chlorine Institute’s Emergency Kit C or
a similar kit to facilitate emergency response. Personal protection equipment is also carried
(See Section 3.4). Some trucks and trailers are fitted with compressors and air dryers for
use during loading or unloading.

OPERATORS OF TANK MOTOR VEHICLES

DRIVER QUALIFICATIONS

In order for a driver to be considered qualified for transporting chlorine the driver must:

e Successfully complete a DOT required medical evaluation. Evaluation to be per
DOT established criteria

e Have considerable and varied driving experience

e Be properly licensed for the size and class of the vehicle to be driven including
all appropriate endorsements for the cargo carried

e Have basic familiarity with the construction of the chlorine tank and fittings on
the manway assembly

e Be able to inspect the tank and manway fittings and identify any discrepancies

e Be properly trained to respond to an emergency in transit, and be provided with
proper notification procedures
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6.2

Pass a DOT-required initial employment drug test and be enrolled in a proper
DOT - required random drug and alcohol testing program

Have training in the company’s security plan which includes all applicable
components of the of the Chlorine Institute Security Management Plan for the
Transportation and On-Site Storage and Use of Chlorine Cylinders, Ton
Containers and Cargo Tanks and meets the requirements of 49CFR 172.800

DRIVER TRAINING

On a periodic basis, the vehicle owner or authorized agent should schedule a formalized
chlorine driver training program for all involved drivers with at least one annual refresher.
Training must be administered by qualified personnel in the following specific areas:

Physical and chemical characteristics of chlorine

General construction and features of the tank including inspection techniques
and proper completion of a daily vehicle inspection report

Tank manway details (e.g. locking devices, bolts, side access ports and access
means to the manway)

Making and breaking connections and chlorine transferring operation
Detection and location of leaks

Use of a positive pressure, self-contained breathing apparatus with full face
piece

Emergency procedures, contacts and reporting

General precautions (i.e. weight shifting and stopping distance)
Personal protective equipment

DOT-required hazmat employee training (every 3 years)

Security Training in the company transportation security plan.

The following is a listing of the mandatory training requirements contained in Title 49 CFR:

Part 172.700 Purpose and scope
Part 172.704 Training requirements
Part 177.800 Purpose and scope and responsibility for compliance and

training
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6.3

CARRIER QUALIFICATIONS

Part 177.816
Part 383.23
Part 387.9
Part 390
Part 391.11
Part 392
Part 393
Part 395
Part 396
Part 379

Part 399

Driver training

Commercial driver’s license

Financial responsibility, minimum levels (Motor Carriers)
Federal Motor Carrier Safety Regulations: General
Qualifications of drivers

Driving of motor vehicles

Parts and accessories necessary for safe operation
Hours of service of drivers

Inspection repair and maintenance

Transportation of hazardous materials: driving and parking
rules

Employee safety and health standards

As an alternative to utilizing the shipper’s own drivers, "for hire”/contract carriers may be
selected to haul liquid chlorine. It is recommended that such carriers be pre-approved to
meet a shipper’s qualification standard and only those carriers should be utilized thereafter.
Examples of carrier qualification requirements are:

Proof of the minimum insurance required

Copies of operating authority

Pass a facility equipment/questionnaire or a driver training inspection/

guestionnaire

Copy of DOT safety rating

Transportation Security Plan per 49 CFR 172.800

Hazardous Material Safety Permit

Latest motor carrier safety survey

In Canada, a CCPA carrier evaluation criteria system is in effect
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6.4

7.1

U.S. DOT HAZARDOUS MATERIALS REGISTRATION PROGRAM

Under DOT regulations found in 49 CFR 107.601 - 107.620, a person who offers or
transports certain quantities or types of hazardous materials must register annually with
DOT. This includes chlorine carried in MC 330, MC 331 and Specification 51 tanks. To
register, the DOT Form F 5800.2 must be completed and sent to the U.S. Department of
Transportation Hazardous Materials Registration, P.O. Box 70985, Charlotte, NC 28272-
0985. The registration requires an annual fee. The DOT will issue a registration number
each year after payment.

LOADING\UNLOADING\FACILITY ISSUES

TANK PRESSURE

Conditions of loading and padding must be such that when the temperature of the chlorine
increases, pressure in the tank will not approach the pressure relief device setting.

Temperature/Pressure Relationships

Chlorine in a tank is a liquefied gas under pressure. The tank always contains some non-
condensable gases in addition to the chlorine vapor. These gases may or may not be in
equilibrium with the chlorine. The total pressure in the tank is the sum of the partial
pressure of the chlorine and the partial pressure of the non-condensables. Because of a
lack of equilibrium, it is not possible to calculate the exact pressure by means of gas laws.

The partial pressure of the chlorine is a function of its temperature. The partial pressure of
the non-condensables is a function of the molecular weight of such gases, the volume of the
vapor space and the gas temperature.

The following pressure limits apply:

Pressure Relief Device

Specifications (Start-to-Discharge)

Limiting Pressure

MC-330/331 and . 225 psig (1551 kPa) at
DOT 51 225 psig (1551 kPa) 105°F (40.5°C)
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7.2

Chlorine vapor pressure at various temperatures is shown below in Table 7-1.

Table 7-1. Vapor Pressure of Chlorine

Temperature Vapor Pressure Temperature Vapor Pressure
°F °C psig kPa °F °C psig kPa
0 -18 13.8 95 60 16 70.9 489
10 -12 20.3 140 70 21 85.5 589
20 -7 27.8 192 80 27 101.8 701
30 -1 36.6 252 90 32 119.9 826
40 4 46.6 321 100 38 140.1 965
50 10 58.0 400 105 41 151.3 1042

Loading Pad Limit

The final tank pressure after padding should not exceed the maximum values shown on CI
Drawing 201. This curve can be used for padding prior to shipment or padding to make a
transfer.

Unloading Pad Air Pressure

Unloading pad air pressure should be the minimum consistent with the process needs. The
limits contained in Cl Drawing 201 and the cargo tank certification (See Section 7.9) should
be observed. For additional information see section 7.5.

Pressure Developed During Transloading

If padding is used to transfer chlorine between two tanks or between a tank and a tank car,

care must be taken to ensure excess inert gas does not result in an over pressure situation.

CHLORINE TRANSFER METHODS

Inert Gas Padding

The vapor pressure of chlorine at various temperatures is given in Table 7-1. If more
pressure is needed to unload the tank, padding of the tank may be necessary. See Section
7.5 for more information. Dry air is commonly used; however, other suitable inert gases,
such as nitrogen can be used. To minimize need for padding, consideration should be
given to the following:

¢ reducing the pressure at the point of consumption
¢ reducing the pressure drop in the piping system

e housing the tank in a warm shed (This is helpful where extremely cold weather is
encountered.)
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7.3

7.4

7.5

Pumping

Pumps are typically used to load tanks in large producing locations. Unloading using
pumps is generally impractical due to NPSH requirements of commercially available pumps.

Chlorine Padding (Recompression)

Some carriers and some owners of stationary storage systems use chorine compressors to
compress vapor in the fixed storage for use as pad gases to remove liquid from the
transport tank. This is acceptable if the system is designed to exclude moisture entry from
ambient air leakage and adequate inert gas is always available in the system. If there is
inadequate inert vapor in the fixed storage tank, the transfer compressor will compress a
gas that is mostly chlorine. If temperatures are low in the transport tank, the chlorine gas
from the compressor will liquefy, possibly overfilling the transport tank rather than increasing
the pressure to pad the liquid out.

CHLORINE DELIVERY

It is quite common for the chlorine tank to be directly connected to the consuming process.
When utilizing this method the unloading of a chlorine tank may take place over an
extended period of time. Chlorine can also be unloaded into fixed storage containers for
future transfer to the process.

Choice is generally based on relative risk of multiple transfers and additional equipment
versus reliability of unloading connections. For additional information see CI Pamphlet 5.

EVACUATION AND ABSORPTION SYSTEM

At a minimum, an evacuation or absorption system should be provided to remove chlorine
contained in transfer lines prior to disconnect. Additional safeguards may be justified based
on local risk analysis.

UNLOADING AND PADDING PRECAUTIONS

Even small amounts of moisture can cause corrosion to tank equipment and to the user’'s
piping and handling system. Chlorine and oil will react to produce contaminants and, under
certain conditions, the reaction might occur with violent force. For these reasons, it is
essential that air used for padding be free from oil and foreign matter and dried to a dew
point of -40°F (-40°C) or below measured at the operating pressure.

Moisture Content

To make sure that no moisture is entering the chlorine system, the moisture content of
padding air should be tested each time a tank is connected for padding. This is easily done
with a commercial dew point tester. Draining of the water trap and filter in the air line should
not be overlooked and should be on a scheduled periodic maintenance program.
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Separate System

Padding air should not be taken from the plant air system, but, ideally, should come from an
independent air compressor used solely for this purpose. Unless safeguards are taken, in a
common system a heavy demand for air elsewhere could lower the overall system pressure
below the tank pressure. Chlorine could then feed back into the air system with probable
damage to equipment and danger to personnel.

Air Padding

A suitable air compressor and an ASME Code receiver equipped with a pressure gauge, a
safety valve, a drain valve and automatic pressure controls should be used. An after-cooler
and a trap or filter should be provided to remove condensed moisture and entrained oil to
reduce the load on the dryer. A filter should also be installed which is designed specifically
for oil removal. See Cl Drawing 119 for a typical installation. Table 7.2 shows the air flow
required at tank pressures for various unloading rates.

Air Dryers

Commercial regenerative type dryers using activated alumina or silica gel as the desiccant
are recommended and can be obtained with any degree of refinement from manual to fully-
automatic control. If continuous operation is desired, dual units are necessary. For
required capacity, see Tables 7-2 and 7-3.

Shipper or Receiver Air Padding

When the required unloading pressure is lower than the vapor pressure of chlorine at
ambient temperatures and the pressure due to air is required only during the initial
unloading period while the chlorine is relatively cold, the shipper may add air pressure prior
to shipment. If the pressure in the tank is not sufficient when received or throughout
unloading, the receiver should notify the shipper.
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Table 7-2.  Continuous Air Flow Requirements for Padding*
Unloading Rate Std. Cubic Feet per Minute (SCFM) of Air Required
ft¥minute m3/second
Ibs/hour of chlorine P=125 psig P=100 psig P=862 kPa P=684 kPa
7,500 10.00 7.5 .00472 .00354
6,000 8.00 6.0 .00378 .00283
4,000 5.33 4.0 .00252 .00189
1,000 1.33 1.0 .00063 .00047

e SCFM Air =lbs/hr of chlorine x (P - 25)

» P =total pressure in tank (psig)

75,000
Table 7-3.  Air Quantity Requirements for Padding*
Total Air Required (SCFM)
Nominal Chlorine ft¥minute m*/second
Capacity P=125 psig | P=100 psig | P=862 kPa | P=684 kPa
16 short tons (14.5 metric tons) 3,070 2,300 1.449 1.086
22 short tons (20 metric tons) 4,224 3,168 1.994 1.495

« ft2 of air = tons of chlorine

7.6

x 1.92 x (P - 25)

OVER PRESSURE PREVENTION

e P =total pressure in tank (psig)

To minimize the increased hazards accompanying air padding, pressures should be kept as
low as possible. In any case, the total pressure (the vapor pressure of the chlorine plus the
pressure of the air pad) should not exceed the pressures indicated on the appropriate

curves on CI Drawing 201.

Atmospheric heat entering the tank will raise the temperature of the liquid chlorine and
increase its vapor pressure. The heat will also cause the liquid to expand thus reducing the
vapor space with resulting increase in the air pressure.

! Requirements are based on the assumption that no air dissolves in the chlorine and an average
chlorine temperature in the tank of 18°F (-7.8°C). Corresponding vapor pressure is 24.7 psig (170 kPa). Higher
temperatures will require less air. The standard cubic foot is measured at 68°F (20°C) and 1 atm.
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7.7

7.8

The combined effects of expansion of the liquid and increase in its vapor pressure may
increase the total pressure enough to open the pressure relief device.

For example, if a full tank at 33°F is padded from the vapor pressure of 40 psig (276 kPa) to
a total pressure of 125 psig (862 kPa) and is then allowed to warm up to 88°F, the
combined effects of the expansion of the liquid chlorine and increase in its vapor pressure
will raise the total pressure above 225 psig (1551 kPa) and a pressure relief device set at
that pressure will open.

It is especially important to prevent buildup of excessive pressure over periods when
chlorine is not being withdrawn such as nights, weekends, plant vacation periods or
shutdowns. Such tanks should be inspected routinely for leaks and excessive pressure. If
necessary, excessive pressure should be vented to a recovery system.

OTHER EQUIPMENT

For loading operations either a direct reading scale or the ability to load from a weighed
feed tank followed by a check scale is required. The filling density must not exceed 125%.

EMERGENCY SHUT-OFF

49 CFR 173.315(n) (2) specifies requirements for emergency shutdown to shut off the flow
of product within 20 seconds of an unintentional release caused by separation of a liquid
delivery hose. Excess flow valves should not be relied upon as the only means of mitigating
a hose or piping failure during chlorine transfer. Cl Pamphlet 57, Emergency Shut-Off
Systems for Bulk Transfer of Chlorine outlines ClI recommended practices for emergency
protection against major chlorine spills during chlorine transfers involving chlorine tank
handling systems. The pamphlet illustrates one emergency shut-off system that will quickly
bring a release situation under control. The system described in Cl Pamphlet 57 provides
the means to shut down the flow of chlorine from the cargo tank by isolating both sides of
the cargo transfer hose. Use of an emergency shut-off system that meets the standards in
Cl Pamphlet 57 is recommended during the loading or unloading of a chlorine cargo tank.
Use of a proper hose suitable for the transfer of chlorine as recommended in Cl Pamphlet 6
should be part of the transfer system.
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7.9

CARGO TANK CERTIFICATION

DOT regulations (49 CFR 173.315(n)(2)) (Reference 14.2.1) require a cargo tank motor
vehicle carrying liquefied compressed gases including chlorine to be certified by a Design
Certifying Engineer (DCE) that there is a means to automatically shut off the flow of product
during unloading without human intervention (a passive system) within 20 seconds of an
unintentional release caused by 