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introduce a new heavy crude
oil DRA that enhances
dilution for flow increase.

faced with significant challenges. Pipeline transportation of increasing quantities
of Canadian heavy crude oil at lower gravities and higher viscosities, together
with existing conduits originally designed for light crude oil, creates a quandary. Ultimately, this
phenomenon generally derates the volumetric throughput of the pipeline when transporting heavy
crude oil due to the fact that operating pressure and horsepower limitations become present. To
address this issue, new pipeline projects have been scheduled, but they are several years away from
realisation. There is a general perception that supply problems from these pipelines will remain or worsen
over the next 2 - 5 years while new pipeline construction is underway.!
The pipeline industry has several options available to address this problem. For example, operators can
improve flow by adding additional pump stations, increasing the horsepower, or by viscosity manipulations
through the use of increased temperatures or using more diluent. Each of these approaches has shown to
provide limited increases in flow, but they do not appear to be the ultimate solution.
As ConocoPhillips Specialty Products Inc. (CSPI) became aware of this problem, several projects were
initiated that centred on improving the flow of heavy crude oil. The challenge with Canadian heavy
crude oil is that existing drag reducing additive (DRA) technologies are ineffective. Therefore, a
new type of DRA had to be developed. This article will focus on increasing the net throughput
of heavy crude oil in pipelines with diluents or light crude oils through the use of a new
class of DRA technologies.?

C rude oil pipelines supplying PADD Il and upper PADD Il US refiners are currently

Flow improvers (also known as drag reducing agents or DRASs)
are long chain, ultra high molecular weight polymers that
reduce the level of turbulence in fluid streams. Typical
molecular weights for drag reducing polymers are
greater than five million. Using parts per million
concentration levels in the fluid stream, drag
reducing polymers interact with the fluid
molecules, which reduce the formation,
and propagation of turbulent eddies.
This interaction decreases deviations
in velocity relative to the bulk flow of
the fluid which causes the hydraulic
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Figure 1. Pictorial representation of DRAs at work.
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Table 1. Laboratory crude oil/DRA polymer interaction
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Crude oil sample

West Texas sour

Maya High

Apiay

WCS (Western High

Canadian select)

Castilla High

Merey

SJVH (San Joaquin
Valley heavy)

High

Petrozuata

High

energy to be more focused on moving the fluid stream
down the pipeline rather than in a chaotic, random motion.
These reduced frictional pressure losses enable pipeline
operators to lower operating pressures or increase the rate
of fluid flow. The mechanism of drag reduction has been
extensively studied and reported in literature.® A summary
of this phenomenon is illustrated in Figure 1.

Flow improver technology has been used around the
world in transporting crude oil and certain refined products
(gasoline and diesel) for more than 25 years.*

In field applications, DRAs are used to address flow
constraints, pressure limitations, or energy demand
reductions. Successful DRA implementation requires a
turbulent flow regime and an effective DRA polymer/fluid
interaction.

Results and discussions

Historically, heavy crude oil has been a challenge for
existing commercially available DRAs. As crude oil
gravities fall below approximately 23 “API, existing DRAs
become ineffective. CSPI developed a new class of DRAs
to address this need. CSPI’s new heavy crude oil DRA
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technology, ExtremePower™ Flow
Improvers, is proven to increase
deliveries of produced heavy crude oil
to market. The successful application
of ExtremePower™ Flow Improvers
requires transition or turbulent flow
regime in a portion of the pipeline
system, heavy crude oil/DRA polymer
compatibility, and a suitable pipeline
system configuration (Table 1).

Figure 2 illustrates the pressure
drop relationship for a crude oil
flowing within a pipeline as a
function of Reynolds number. For
a crude oil of constant kinematic
viscosity in a pipeline of a given
diameter, the Reynolds number can
be representative of the velocity or
volumetric throughput in the pipeline.
At low Reynolds numbers, the pipeline
is in laminar flow and the pressure
drop curve is a linear relationship with
throughput. At a Reynolds number
near 2100, the flow begins to transition
to a turbulent regime, and the pressure
drop curve makes a ‘jump’ to the
higher power relationship which exists in turbulent flow.
Due to the turbulence in the system and the inefficiencies
of the eddy currents, the pressure requirements are
significantly higher to maintain throughput in the pipeline.
If a DRA has affinity for and is effective in the particular
pipeline fluid, testing has shown that the DRA can
suppress the onset of any turbulent eddies in the system
at higher velocities than normal hydraulic analysis would
indicate. This results in an extension of the laminar
pressure profile to a Reynolds number well above 3000. At
some point, the DRA can no longer completely suppress
the turbulence, but can only attenuate it to some degree.
Here, the pressure relationship rises from the ‘extended’
laminar line and drag reduction follows a more typical
relationship observed in fully turbulent systems. The DRA
influenced pressure drop is depicted in Figure 2. CSPI has
recently conducted field tests in pipeline systems carrying
heavy crude oil with gravities ranging from 13 - 22 °API.
These field tests, along with prior work have shown that at
Reynolds numbers between 2100 and 3000, the percent
drag reduction level achieved can reach levels of
30 -45%.5
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