
PORT TECHNOLOGY INTERNATIONAL   109 

LIQUID, CHEMICAL
AND GAS HANDLING

During marine tank vessel loading and other operations that 
introduce cargo or liquid into vessel cargo tanks, vapours, 
mostly volatile organic compounds (VOC), emit from the 
cargo tanks because of displacement and vapour growth. 
Under the authority of US Clean Air Act Amendments of 
1990 (CAAA 90), the US Environmental Protection agency 
(EPA) has issued two sets of national standards for marine 
loading facilities designated as major sources to collect VOC 
and hazardous air pollutants displaced from marine tank vessels 
during loading and to reduce the captured vapours by 95 per 
cent to 98 per cent by weight. These standards do not address 
vessel unloading operations. The EPA also requires collection of 
vapours displaced from marine tank vessel cargo tanks during 
loading of cargoes containing 70 per cent or more benzene by 
weight. Many US States have adopted the EPA standards and 
issued regulations, similar with EPA standards, requiring major 
terminals to control vapours emitted from vessel cargo tanks 
during various marine tank vessel operations. Also under the 
authority of CAAA 90, the US Coast Guard in 1990 issued 
safety regulations for marine vapour control systems (VCSs). 
The majority of these regulations are contained in 33 CFR part 
154, subpart E (for facilities) and 46 CFR part 36 (for vessels).

US Coast Guard Marine VCS requirements 
for transfer facilities 
Currently, marine terminals in 23 US states have about 250 
VCSs installed and certified as meeting the US Coast Guard 
requirements for facility marine VCSs. The majority of these 
systems are located in the States of Texas, Louisiana, California, 
and New Jersey. Most of these systems use a flare for vapour 
destruction. Tank vessels visiting these facilities are required to 
have a vessel VCS meeting the US Coast Guard requirements for 
transferring vapours emitted from cargo tanks to the facility’s VCS 
for processing.

A typical facility marine VCS consists of a vapour collection 
system and a vapour processing unit. In most cases, vapours 
emitted from a tank vessel’s cargo tanks are collected by the tank 
vessel’s vapour collection system and sent to the facility’s VCS for 
processing. Methods used to process the captured vapours include 
recovery (absorption, adsorption, refrigeration), combustion (open 
flair, incinerator), or balancing (returning the vapours to facility 
storage tanks being emptied). A facility VCS may also contain 
these major equipment: pressure and temperature sensors, a relief 
valves, an emergency shutoff valve, detonation arresters and 
flame arresters, a liquid knock out pot, vapour moving devices, 
oxygen or hydrocarbon analysers, a liquid seal, and a vapour 
enriching, inerting, or diluting system. Controlling flammable and 
combustible cargo vapours presents numerous hazards including 
cargo tank overfill, overpressure or vacuum, cargo spillage, and 
fire and detonation of the flammable vapours. Because the EPA 
standards apply to marine facilities rather than to marine vessels, 
facilities are required to protect tank vessels from those hazards.

33 CFR 154 subpart E addresses the safe design and 
operational aspects of a transfer facility VCS used to control 
vapour of crude oil, gasoline blends, or benzene emitted from 
vessel cargo tanks. It focuses on the following areas:

•  Liquid overfill protection

•  Overpressure and vacuum protection

•  Fire, explosion and detonation protection

•  Requirements for inerting, enriching and diluting systems

•  Vapour compressors and blowers

•  Vapour recovery and vapour destruction systems

•  Personnel training and operating requirements

•  Design, performance, and testing standards for detonation and 
flame arresters
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Dock safety unit with required safety equipment at the dock.

Required MVCS equipment at the inlet of a vapour flare.
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The VCS regulations require that a facility VCS which collects 
vapours of flammable or combustible cargoes other than crude oil, 
gasoline blends or benzene, must meet the requirements prescribed 
by the Commandant of the US Coast Guard. These requirements 
are contained in a US Coast Guard policy letter, 16703/33-154, 
dated May 5, 1992. This policy letter waives the fire, explosion and 
detonation protection requirements for VCSs controlling vapours 
of Grade E cargoes, and cargoes having a closed cup flash point 
greater than 60° C. It addresses cargo compatibility and cargo specific 
oxygen/hydrocarbon analyser alarm and shutdown setpoints. The 
current regulations require inerting systems to alarm or shut down 
when oxygen concentration in the vapour line exceeds 8.0 per cent 
or 9.0 per cent by volume respectively. For enriching systems, the 
regulations require system alarm, or shutdown, when hydrocarbon 
concentration in the vapour line falls below 170 per cent, or 150 per 
cent, by volume of the upper Flammable limits (UFL). This letter 
generalises inert systems’ alarm and shutdown setpoints to 60 per cent 
and 70 per cent by volume of the minimum oxygen concentration 
for combustion of the combination of cargo vapours and inerting 
gas. For enriching systems controlling vapours of cargoes with an 
UFL too high to operate under the 170 per cent and 150 per cent 
by volume requirements, this letter allows system alarm or shutdown, 
when hydrocarbon concentration falls below UFL + 10 per cent 
points, or UFL + 7.5 per cent points, respectively. This letter also 
requires VCSs that control vapours of high freezing point cargoes to 
be designed to prevent freezing of vapour or condensate at ambient 
temperatures and VCSs that control vapours of cargoes with the 
potential to polymerise to be equipped to detect polymer buildup.

33 CFR 154 subpart E delegates the authority of certifying 
facility VCSs to private, third-party, certifying entities accepted by 
the US Coast Guard. This programme allows marine facilities to 
hire and pay, at their choices, a Coast Guard authorised certifying 

entity who can best accommodate their needs to conduct the 
VCS certification on behalf of the Coast Guard. The Coast Guard 
has established an oversight programme, and issued guidelines to 
these certifying entities to maintain technical control and quality 
assurance over the VCS certification programme.

Common exemptions granted by the US 
Coast Guard to facility VCSs 
The existing Coast Guard facility marine VCS regulations were 
developed based on a simple system. Since their issuance in 1990, 
VCS technologies have advanced and VCSs have become more 
sophisticated and complicated. Very often, facilities have to request for 
exemptions from the regulations for their VCS design and installation. 
The following are the most common exemptions granted:

•  Allowing for installation of a dock safety skid, which usually contains 
a dock detonation arrester and an inerting or enriching gas injection 
point, at distances greater the regulatory requirements of six meters, 
and ten meters respectively, from the facility vapour connection to 
accommodate small and crowded docks. The extra length of vapour 
piping upstream of the detonation arrester should be well protected.

•  Allowing facilities to install anti-flashback burners inside a 
vapour flare in lieu of a liquid seal at the inlet to the flare. To be 
granted with an exemption, the facility has to show good test 
results of the anti-flashback burners and installed thermocouples 
at the anti-flashback element which will activate system alarm 
and shutdown when high temperatures are detected. 

•  Allowing the use of flame arresters tested under industry 
standards. As a condition of the exemption, facilities have to 
install an additional safety measure, such as an analyser at the 
VCS outlet to monitor hydrocarbon concentration continuously 
and activate system alarm and shutdown. 

Vapour piping and a vapour recovery unit.
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Other important exemptions granted include multi-breasted  
tandem barge loading, alternate VCS instruments test 
programmes, and cargo line clear ing (pigging) operations 
to tank vessels while connected to a VCS if a Coast Guard 
approved pigging system is used. 

Other developments
Several US States require vapour control at tank barge 
cleaning facilities during gas freeing and cargo tank cleaning 
operations. The US Coast Guard has issued a Navigation and 
Vessel Inspection Circular (NVIC), No. 1-96 to provide safety 
guidelines for design and operation of a marine VCS at tank 
barge cleaning facilities. 

For the most part, the guidelines follow the requirements 
in the 33 CFR 154 subpart E for crude oil, gasoline blends, 
and benzene and incorporate the Coast Guard policies for 
controlling vapours of other flammable and combustible 
cargoes.

The US Coast Guard is in the process of revising its marine 
VCS regulations. The revised regulations would incorporate 
existing Coast Guard’s VCS policies, guidelines, clarifications, 
and exemptions granted which have general application to other 
VCSs. The revised regulations would also incorporate NVIC No. 
1-96 and the Coast Guard guidelines provided to facility VCS 
certifying entities that clarify the minimum review and testing 
requirements of VCS certifications and re-certifications.

The US Coast Guard developed its existing VCS regulations, 
NVIC No. 1-96, and the proposed revised VCS regulations from 
recommendations provided by the Chemical Transportation 
Advisory Committee, which is a chaptered US Federal advisory 
committee advising the US Coast Guard on matters related to marine 
transportation of hazardous material in bulk. Its members are appointed 
by the US Secretary of Homeland Security and are all subject matter 
experts and industrial representatives. 
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A typical dock safety skid with required MVCS equipment at the dock.


