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“MARINE VAPOR RECOVERY WITH A TWIST”

Abstract

John Zink Company has completed the supply and commissioning of a large inland
marine vapor recovery system.  The system is owned and operated by Marathon
Ashland Petroleum LLC (MAP) and is located in Kenova, West Virginia USA.  The
equipment was commissioned in August of 1998.  It has subsequently been certified as
having met all necessary safety requirements of the United States Coast Guard (USCG)
and air regulatory standards of the United States Environmental Protection Agency
(EPA), and the West Virginia EPA Office of Air Quality.

Introduction

Marathon Ashland Petroleum LLC operates a petroleum refinery located in Catlettsburg,
Kentucky and transports the majority of the refined gasoline and distillate fuels from this
refinery via MAP owned river barges from its Kenova, West Virginia marine terminal.
This is a heavily utilized facility with typical gasoline loading volumes of a few million
barrels per month.  Due to environmental regulations promulgated by the EPA in 1995, it
became necessary to install equipment at this terminal to control evaporative
hydrocarbon vapor emissions being generated from the gasoline loading operations and
achieve a control efficiency of 97%.  The compliance deadline for having this equipment
in operation was September 19, 1999.

In addition to the EPA regulations, the United States Coast Guard (USCG) regulations
published in 33 CFR 154 for vapor control during marine vessel loading also had to be
followed for this project.  These regulations do not pertain to the emission requirements,
but instead address the safety issues which are involved in collecting vapor from a
marine vessel for the purpose of emission control.  The regulations outline the minimum
safety equipment which must be installed in a collection system to protect the vessel,
facility, and personnel from over and under pressure at the barge as well as fire and
explosions.  As a leader in the design and fabrication of marine vapor control systems,
John Zink Company has supplied over 100 marine vapor control systems in the last 10
years utilizing both vapor recovery and vapor combustion technologies.  John Zink has
been involved not only in the design and fabrication of the end control device but also
with the collection equipment required to meet the USCG standards.  Because of the
location of this facility on an inland river and the large design capacity required for the
system, this project presented interesting design challenges for John Zink Company.
John Zink Company accepted these challenges and through collaboration between John
Zink engineers, the USCG, and MAP engineers in the early phases of the project unique
solutions were developed.
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Defining the Problem

MAP’s Kenova terminal is located on the Ohio River where the borders of Ohio,
Kentucky, and West Virginia meet.  The elevation of the water level in the Ohio at this
location can vary by almost 27 feet (8.2 meters).  Because of this relatively large
variation in water level, barge-loading operations are conducted from two permanent
floating docks (Pier 1 and Pier 2).  It is possible to simultaneously moor a total of seven
cargo barges for loading at these two piers.  The barges can be moored two layers deep
from the floating piers as depicted in Figure 2.  Up to five barges can be moored at the
Pier 1 floating dock with three of the barges moored directly to the floating dock (inboard
barges) and the other two barges (outboard barges) being moored to two of the inboard
barges.  A total of two barges can be moored at the Pier 2 floating dock with one of
these barges directly connected to the floating dock (inboard barge) and the other
(outboard barge) moored to the inboard barge.  Although five barges can be moored at
the Pier 1 dock, only three can be loaded simultaneously.  Two barges can be loaded
simultaneously at Pier 2 resulting in the possibility of up to a total of 5 barges being
loaded simultaneously from both Pier 1 and Pier 2.

Pier 1 Pier 2

Barge 2

Barge 7

Barge 6

Barge 5

Barge 4

Barge 3

Figure 2:  Barge Mooring Schematic

Shoreline

Barge 1

Figure 1:  MAP Kenova, WV marine terminal
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Early Advantages

Before MAP was created by Marathon Oil and Ashland Oil in January of 1998, the
Kenova terminal was owned and operated by Ashland Oil.  In early 1996, Ashland
realized that a major marine vapor control project was going to be required in the next
few years to comply with the EPA mandated emission control regulations.  By this time
several marine vapor control systems had already been constructed in the U.S.  Ashland
took advantage of what had been learned from these earlier projects to save significant
capital investment and avoid a lot of potential problems.  For example, many of these
early projects had incurred unnecessary high expense and avoidable problems simply
because they were not handled well.  Money was often wasted paying for unnecessary
feasibility studies that typically were exercises in “reinventing the wheel” and concluding
the obvious.  Many of these projects were awarded to Engineering & Construction (E&C)
firms with little vapor control experience or knowledge.  Often the E&C firm would further
add to the cost and complexity of the project by writing specifications that were not
appropriate for the application.  Typically, major system equipment modules were
procured from a number of different suppliers rather than from a single supplier.  Often
these suppliers of the major equipment modules were not involved with, and were
unaware of, the total system design.  As a result when problems did occur, as was often
the case, there tended to be a lot of finger pointing, costly field delays, and difficulty in
assigning responsibility.  These problems often resulted in significant delays in obtaining
certification from the U.S. Coast Guard that is necessary before these systems can
operate.

Ashland took a much different approach to this project.  They identified John Zink
Company and one other company as having significant marine vapor control experience
and the capability to engineer and supply the entire marine vapor control system.
Ashland requested that each of the potential suppliers visit the terminal facility to view
the operation and learn about the needs of the pending project.  Each potential supplier
was then asked to make recommendations and submit a preliminary proposal, with
budget pricing and an economic evaluation for the various alternative solutions that they
wished to offer.  John Zink Company provided this information and submitted proposals
for both vapor recovery and vapor combustion solutions to the problem.  The project was
ultimately awarded to John Zink Company and Zink’s High Efficiency Adsorption-
Absorption (HEADAB™) vapor recovery technology was selected as the preferred vapor
control technology for this application.  The value of the recovered product and other
environmental and safety issues more than offset the lower capital and operating cost of
the vapor combustion alternatives.

The order was released in two phases.  The first phase was released as an engineering
order to allow the client’s and Zink’s engineers to work together to finalize the design of
the system to include the features which would best meet the needs of the client.  It also
allowed Zink and the client to work with the U.S. Coast Guard to resolve all major issues
involving the required certification by the Coast Guard prior to initiating any equipment
fabrication or field construction.
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The Solution

Scope of Supply

Marine vapor recovery systems are typically made up of three major components as
follows:

 Dock Safety Unit (DSU)
 Vapor Blower Unit (VBU)
 Vapor Recovery Unit (VRU)

The DSU is required to be installed at the berth where the loading is occurring and is
usually flanged directly to the vessel’s vapor hose.  The DSU includes safety equipment
to protect the vessel and personnel from over/under pressure and fire and explosion.
The vapors travel through the piping on shore to the VBU.  The VBU provides the motive
force needed to collect the vapors at the barge and deliver the vapors to the VRU where
the vapors are processed and the emissions are reduced.

John Zink Company’s scope of supply on this project included two identical High
Efficiency  VRUs.  Each VRU is equipped with a VBU on the inlet.  The scope also
included five shore mounted DSUs, two floating dock mounted operator control panels, a
master system control panel, motor control center, engineering services, equipment
commission services, and operator training.

Meeting the Emission Requirements

Zink’s patented HEADAB™ offers several advantages over a conventional carbon
adsorption/absorption vapor recovery system which make it well suited to a large marine
application including:

 System horsepower to achieve desired capacity is reduced
 Absorbent circulation is reduced
 Carbon inventory is reduced
 Seal fluid (glycol) inventory is reduced
 Higher control efficiencies can be achieved

The process as depicted in Figure 3 is similar to the Adsorption-Absorption (ADAB)
process that has been successfully utilized for a number of years in gasoline vapor
recovery applications.  The technology includes adsorber vessels filled with activated
carbon.  The properties of activated carbon allow it to be ideally suited for the processing
air/hydrocarbon vapor mixtures such as are generated during the loading of barges with
gasoline.  The carbon removes the vapor contaminates from the air stream so that the
air can be vented to the atmosphere in compliance with air quality requirements.  Also
the carbon allows the hydrocarbon vapor to be captured and concentrated so that it can
be subsequently re-liquefied as a recoverable product.  Since the activated carbon has a
finite adsorption capacity, two adsorbers are provided.  One adsorber is on-stream
processing vapors from the loading operation while the other adsorber is off-line being
regenerated.  Switching valves are provided to automatically alternate the adsorbers
between adsorption and regeneration so that one adsorber is always on stream to
assure uninterrupted vapor processing capability.  Carbon bed regeneration is
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accomplished with a combination of high vacuum and purge air stripping which removes
(desorbs) the previously adsorbed hydrocarbon vapor from the carbon and restores the
carbon’s ability to adsorb additional vapor during the next adsorption cycle.  Desorbed
hydrocarbon vapor, removed from the carbon bed during the vacuum regeneration
process, is re-liquefied and recovered by contacting it with gasoline liquid in an
absorption column.  Unlike the older more conventional ADAB technology, the
HEADAB™ technology is equipped with enhanced vacuum pumping capability.  With the
ADAB technology, carbon bed regeneration is accomplished under a vacuum utilizing a
liquid ring vacuum pump as the source of the vacuum.  Liquid ring vacuum pumps,
although quite reliable, are limited in their ability to achieve sufficiently high vacuum
levels.  In addition, the pumping capacity is reduced at higher vacuum levels.  On the
other hand, the HEADAB™ technology is equipped with a vacuum booster rotary lobed
blower operating in series with a liquid ring vacuum pump.  This combination allows a
much higher vacuum level to be attained and a significantly greater vacuum pumping
capacity can be achieved at the higher vacuum levels than can be achieved with just
liquid ring vacuum pumps acting alone.  This allows the HEADAB™ technology to more
thoroughly and efficiently regenerate the activated carbon used in the system.  The
results are the benefits listed previously which reduce the capital investment and the
system operating costs for the end user.

Each of the VRUs supplied was designed for a maximum of 9,000 barrels per hour
(1,430 cubic meters per hour) of gasoline loading.  This design capacity was selected for
each VRU so that only one VRU would be required during most periods of barge loading
with the second VRU being used only when the total gasoline loading rate exceeded the
capacity of the primary unit or if the primary unit was down for maintenance reasons.

Figure 3:  John Zink
HEADAB Process
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Meeting the USCG Requirements

Three DSUs, each sized for the appropriate capacity were provided and assembled on a
single skid for Pier 1 loading operations.  Likewise two DSUs were provided and
assembled on a single skid for Pier 2 loading operations.  Both DSU skids are mounted
on the shore next to the floating Pier 1 and Pier 2 docks.  The DSUs contain all of the
equipment necessary to comply with the USCG safety regulations.

One of challenges that had to be overcome during the design phase of this project was
how best to comply with the USCG safety regulations related to the design and location
of the dock safety units.  The USCG regulations really hadn’t considered the unique
problems associated with loading inboard and outboard vessels from floating docks such
as was being practiced at Kenova.  In particular, The Code of Federal Regulation (CFR),
Part 154.802 as adapted by the USCG defines the “facilities vapor connection” as being
the point where the vapor collection hose connects to the vapor collection system’s
piping.  The location of the facilities vapor connection is important because it serves as a
reference for the positioning of several devices such as detonation arrestors, automatic
vapor valves, pressure sensing devices, and others.  If the USCG regulations had been
literally adhered to, the DSUs would have been located on the floating docks with the
use of very long vapor hoses.  For example, it would have been necessary to run vapor
hoses from the outboard barges across the inboard barges to connect to the DSUs.
Also, literal compliance with the regulation would have required separate DSUs for all
seven barges that could simultaneously be moored at the facility even though only five
could be simultaneously loaded.   The problem was compounded by the fact that the
USCG requirements require fixed piping downstream of the DSUs.  Designing a piping
system which could tie the floating barges to the on-shore piping would be challenging
and very expensive with the consideration of the river level and the elevation of the
floating berths which fluctuate.

In order that MAP could avoid the unnecessary expense and operational problems
associated with literal compliance of these USCG regulations, John Zink Company and
MAP engineers developed an alternative plan that they believed would meet the intent of
the USCG regulations but that offered a less expensive and more operator friendly
design.  This plan was presented to the Commandant of the USCG in November of 1996
during which time a variance to the regulations was requested.  The plan consisted of
proposing to install the DSUs on shore and to define the facility vapor connections as
being the inlet flanges to each DSU.  Further rather than run vapor hoses from each of
the barges being loaded with product, a rigid hard vapor dummy collection pipe would be
permanently installed across each barge.  Sufficient dummy vapor collection pipes would
also be installed on each of the two floating docks to accommodate each barge that
could be loaded from that dock.  The dummy vapor piping would be located such that it
would not be necessary for any barge’s compartment to have to communicate with
another barge’s compartment during product loading without first communicating with a
DSU.  The method of vapor collection would be as follows.  A vapor collection hose from
an outboard barge would connect to the dummy vapor collection pipe on its associated
inboard barge.  A vapor hose would connect the inboard barge’s dummy vapor pipe to a
vapor collection pipe on the floating pier which in turn would be connected to its DSU via
a vapor hose.  The compartment on an inboard barge would connect via a vapor hose to
a dedicated vapor pipe on the floating dock which in turn would be connected to its
dedicated DSU via another vapor hose.  Further, it was proposed that only three DSUs
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would be provided for Pier 1 loading since only 3 barges could be simultaneously loaded
even though five barges could be moored simultaneously.  John Zink and MAP
engineers proposed that isolation valves be installed and procedures be implemented
such that it would be impossible to simultaneously connect the compartment of more
than one barge to a DSU.

Mission Accomplished

In March, 1997, after several weeks of review, the USCG accepted the proposed plan as
presented by John Zink and MAP and granted a variance allowing the project to go
forward.  The USCG praised the plan as not only meeting the intent of the regulations
but also providing a greater level of safety than would have been provided with literal
compliance of the regulations.  Shortly thereafter, MAP released John Zink Company to
go forward with equipment fabrication and supply.  The equipment shipments were
completed in January of 1998.  The system was placed in service during August, 1998.
Commission went well with USCG inspection and certification being accomplished in
less than a week.

The system was subjected to air emission compliance testing in March of 1999.  The
system was designed to meet the EPA emission regulation requiring 97% total
hydrocarbon vapor recovery efficiency.  However, the system actually achieved
significantly better performance than that required by the EPA.  Each of the two Vapor
Recovery Units was tested.  Unit “A” averaged 99.76% efficiency and Unit “B” averaged
99.97%.  The system continues to perform well.

Figure 4:  Pier 1 DSUs installed on shore
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By researching the work performed on past projects and developing a plan to take
advantage of the knowledge gained on these projects, MAP ultimately saved significant
capital cost and time on the project.  In addition, the collaboration between John Zink,
MAP, and the USCG in the early phases of the project not only reduced cost but
ultimately produced a system which is safer and easier to operate than alternative
designs.  Lastly, by utilizing the John Zink HEADAB process utility savings will be
realized by MAP for years to come.

Figure 5:  VRUs installed at site


