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T

ank farms and terminals need to use pumps of
various types, including many with seals. However,
sealed pumps require significant ongoing
maintenance and are prone to leaking liquids,
some of which are potentially dangerous to personnel and
the environment. The installation of sealless pumps in
these applications is becoming more widespread,
particularly with the recent development of technologies
that further improve the efficiency, performance and
durability of magnetic drive pumps.
Tank farms and terminals exist in many different forms,
but often have common characteristics, including the need
for fluids to be moved (pumped) from vessel to vessel.
Unprocessed and processed products are stored in tanks at
pipeline origination points awaiting shipment. In some
cases, these products may be stored for long periods of
time due to seasonal demand. The types of liquids
produced and stored all have an impact on the pump

technology selected for moving the liquids at, and from,
tank farms and terminals.
Traditionally, pumps handling more hazardous liquids
utilised mechanical seals. There are many types of
mechanical sealing solutions, the selection of which is
typically predicated on the liquid characteristics. Single
seals, tandem seals, double seals, double seals with flush,
and double seals with pressurised flush systems, are
examples of the different configurations available. As one
moves from a single seal to a double seal solution, there is
a commercial and support complexity impact, as there is
from unpressurised to pressurised support systems. Much
has been written about which mechanical seal solution
should be used for which application, and many companies
will have their own processes and procedures to assist with
seal and support system selection, likely based on
international standards such as API 682 (currently in its
fourth edition).

Figure 1. Cross section of a typical API 685 magnetic
drive centrifugal pump.

Figure 2. Magnetic drive sealless pump containment
shells.

As environmental, health and safety requirements
become increasingly stringent, mechanical seals and their
support systems are becoming more complex and, hence,
more expensive to install and monitor. Users are now
turning away from the traditional mechanically sealed
centrifugal pump to alternative technologies.
One technology that is finding increasing favour is the
magnetic drive pump. This technology removes the need
for the dynamic seal, thus significantly reducing the
complexity of the installation and eliminating concern
over leaks or emissions.
Magnetic drive pump technology is not new; in fact, it
has been around for over 65 years and there are many
thousands of successfully operating installations.
However, there are some relatively recent advancements
that make this technology an even more compelling
choice for use in tank farms and terminals.

Magnetic drive operation
For those unfamiliar with magnetic drive pumps, the
principle of operation is simple: the pump casing
consists of the suction and discharge flanges and the
casing volute, which houses the impeller (Figure 1).
Rotation of the impeller imparts energy to the liquid,
thus causing the pump to operate. The impeller is
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supported by the internal pump shaft and shaft sleeves.
The shaft is supported by the bush holder, which
consists of a rigid holder and bushes or bearings, which
run against the shaft sleeves. Completing the inner rotor
assembly is the inner magnetic ring. This is a ring of
co-axially arranged outward-facing permanent magnets
that are fully encapsulated with a resistant metallic
sheathing. The final component of the liquid contact
assembly is the containment shell (Figure 2). This
component is statically sealed with a gasket against the
casing.
The containment shell is usually manufactured from a
high strength, non-magnetic, corrosion resistant alloy.
Outside of the primary pressure boundary is a second,
outer magnetic ring, with magnets that face inwards. The
outer magnetic ring is located within the coupling
housing, which is connected to the external bearing
assembly. When the pump is filled or ‘primed,’ the liquid is
completely contained without the use of any dynamic
seals. The principle of operation is very simple: the
magnets in the outer and inner magnet rings are attracted
to each other. Therefore, as the electric motor rotates,
the outer and inner rings rotate at the same synchronous
speed, thus turning the impeller and causing liquid to be
pumped.
The containment shell is located between the two
attracting magnetic rings and is subjected to the rotating
magnetic circuits as the outer and inner magnetic rings
rotate. For strength and temperature resistance, the
containment shell has traditionally been manufactured
using a metallic material that is electrically conductive. It
is this property, in conjunction with the rotating magnetic
circuits, that cause eddy currents to form in the
containment shell. These induction losses manifest
themselves as heat and must be accounted for when
applying the pump.
A small portion of the pumped liquid is also used to
cool the magnetic coupling and lubricate the internal
bearings. The pump uses the pressure generated by the
impeller to feed a small amount of pumped product into
the rear of the pump. Here the flow splits, with some of
the flow lubricating the internal plain bearings and
returning to the pump casing volute. The remainder of the
flow enters the holes in the pump shaft and travels to the
rear of the containment shell, where it splits radially and
flows along the annulus between the inner magnetic ring
and the containment shell tube. As already mentioned,
the metallic containment shell has associated losses,
which need to be cooled, and it is this internal flow that
provides the cooling. After the flow has travelled over the
inner magnetic ring, it then returns to the bulk flow in the
casing volute through the return feed hole behind the
rear of the impeller.
To correctly apply magnetic drive pumps to tank
farms and terminal applications, a user (or specifier) must
be aware of all the application conditions and pump
operating modes. Some operating conditions have the
potential to be problematic for the traditional metallic
containment shell; consequently, technology has been
developed to overcome these limitations.

Containment shells
Containment shell designs are now available that utilise
non-magnetic material, which eliminates all the induction
losses (eddy current losses) associated with metallic
containment shells. By eliminating these induction losses,
several benefits are realised, including: significantly reduced
heating of the pumped product that is circulated to
lubricate the internal bearings of the magnetic drive pump,
improved handling of volatile and heat sensitive liquids,
and an improvement in overall pump efficiency when
compared to a similar sized pump featuring a metallic
containment shell. A further (and often overlooked) benefit
is that it also provides a more robust design for magnetic
drive pump installations that might experience system
upset conditions. It is these features that make
containment shells ideal for use on hydrocarbon
installations. The containment shells are produced to
comply with the 40 Bar (580 PSI) API 685 design pressure
requirements and feature highly chemical resistant,
engineered composite material that is tough, durable and
robust.

Figure 3. Vertical magnetic drive sealless pump with
condition monitoring device.

Advances in bearing materials
Product lubricated bearing systems in magnetic drive
pumps have typically comprised silicon carbide (SiC) vs SiC
in a bush (stationary) and sleeve (dynamic) arrangement.
When in a lubricated condition, this material offers
excellent load bearing characteristics, with virtually no
wear experienced, even after many years of operation.
However, when this configuration of bearing is run in a
partially or completely dry environment (e.g. at the end of
emptying a tank/tanker), the SiC vs SiC combination
displays some undesirable characteristics. SiC has a low
coefficient of friction when wet, but a high coefficient
when dry. Under marginal conditions, fluid between the
bearing and sleeve may become dispersed, causing the
internal bearing system to experience localised dry hot
spots, resulting in cracking and eventual failure of the SiC.
Recent advances in bearing materials have shown that
combining alternative materials with SiC results in more
resilience to such situations. One example of such a bearing
material is ceramic matrix composite (CMC). This
combination of CMC and SiC gives similar load bearing
characteristics to SiC vs SiC, but provides more resilience
under transient conditions and has a much more
predictable and benign mode of failure, should a fault
condition persist.

Condition monitoring
It is also now possible to monitor the condition of the
internal flow regime with non-intrusive, ultrasonic
technology that constantly monitors the condition of the
fluid inside the pump (Figure 3). The early detection of gas
in the internal cooling and lubrication circuit, from outside
the confines of the pump pressure boundary, is made
possible with this equipment, providing an early warning of
adverse conditions that are likely to impact internal bearing
lubrication and the cooling of the magnetic coupling. One
of the key features of this technology is the real time
measurement and reaction to the primary cause of a

Figure 4. Magnetic drive sealless pumps installed at a
UK gas terminal.

potential problem, rather than the secondary cause, which
is often the case when monitoring power or temperature.
The benefits of this technology, particularly when used for
critical applications in tank farms or terminals, is that it
provides accurate condition monitoring of the internal
fluid, detects the early presence of gas, ensures correct
priming and venting, and eliminates the potential for dry
running.

Technology in action
Examples of successful installations, utilising some of the
above technologies, include a ship loading arm used for the
transfer of light hydrocarbons. At the end of the liquid
transfer, the light hydrocarbons needed to be evacuated
from the loading arm due to emissions concerns. The pump
design solution comprised of a vertical magnetic drive
pump with a small footprint to minimise the space
occupied, featuring a composite containment shell and
SiC vs CMC thrust bearings to cope with the transient
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conditions that the pump would experience at the end of
its emptying run. Liquid level probes were also utilised to
‘trip’ the pump once the loading arm had been fully
evacuated.
Another example was a pump upgrade on an existing
terminal. This application was intermittent in nature and
featured a volatile hydrocarbon – butane. The existing
installation comprised of a mechanically sealed pump,
which was problematic in operation and was seal life
limited. A horizontal magnetic drive pump, designed and
constructed in accordance with API 685, was supplied
featuring a composite containment shell and ultrasonic
condition monitoring. During commissioning, issues were
discovered with the venting procedures and the ultrasonic
monitor enabled operators to start the pump only once a
full prime had been achieved. This installation has now
significantly improved the reliability and uptime of this
process.
A third example is magnetic drive pumps installed at a
UK gas terminal (Figure 4). These units were built to the
API 685 sealless pump constructional standard and featured
ultrasonic condition monitoring technology. The
application involved the transfer of rich methanol from a
storage tank to a methanol distillation unit for processing
back to methanol. The magnetic drive pump’s technology
was chosen to eliminate the risk of leakage and reduce the
time and costs associated with routine seal system
maintenance.
It is worth considering that many tank farms and
terminals are mature and, as such, use pumps that feature
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sealing arrangements that are not compliant with current
legislation. Indeed, some pumps may not have an upgrade
path to an enhanced or compliant seal and seal system.
Such installations might be excellent candidates for an
alternative, magnetic drive, sealless design solution.
Further benefits of choosing magnetic drive pump
technology are of a commercial nature. Because a sealless
pump installation does not require all the ancillaries and
support systems typically associated with a pressurised
double mechanical seal installation, particularly if the seal
installation is to API standards, an entire sealless pump
solution is often more economical. When a pump package,
which featured the above technologies and design features,
was compared to the double mechanical seal upgrade
route, it was found to be more cost effective, in addition to
providing the aforementioned benefits of magnetic drive
sealless pumps.

Conclusion
Magnetic drive sealless pumps can be successfully applied
into tank farm and terminal applications. Recent upgrades
in technology address concerns expressed by users
regarding this technology and have resulted in more robust
process plants. Clearly, an understanding of the liquid
characteristics and operating parameters is required. With
this knowledge, and properly applied control systems,
magnetic drive sealless pumps can offer significant
technical and commercial benefits over more traditional
sealed pump solutions.

