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ABSTRACT
A novel partial-upgrading technology has been tested and
validated in the field in Alberta, Canada at a commercial scale.
Results will be presented that illustrate that the technology has
the ability to dramatically reduce the viscosity of extra-heavy
crude and bitumen resulting in a significant reduction in the
amount of diluent required to meet pipeline specifications. In
addition, data will be presented that illustrates improved
product properties. The technology combines thermal and
mechanical effects to change or modify the structure of
bitumen and extra-heavy crudes by targeting modifications of
the microstructures involving the asphaltenes. Rather than
breaking the larger molecular structures by thermal cracking,
leading to de-alkylation and coke formation, the process uses a
low severity hybrid approach relying on hydrodynamic
cavitation which leads to new and beneficial crude properties.
The technology is best applied in the field or terminal where
heavy oil or bitumen is blended with diluent for transportation
via pipeline or rail. Data will be presented on how the
technology can reduce the diluent required by up to 50 % for
Athabasca bitumen thereby reducing transportation costs and
improving the throughput capacity of existing pipeline
infrastructure. Field demonstration results from a 1,000
barrel per day Commercial Demonstration Facility will be
presented. A netback approach will be presented to illustrate
how pipeline tariff and blending costs can be reduced due to
reduced volumes being handled.
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INTRODUCTION
Exploitation of heavy oil and bitumen resources has
historically been challenging due to the high cost to develop,
produce, transport and refine into transportation fuels. It is
technically difficult and economically challenging to produce
due to cost intensive enhanced oil recovery methods often
being required. Once produced it is costly to refine into
marketable products (i.e. mainly transportation fuels). In
addition, it is difficult to transport from the remote oil fields to
the large, centralized refiners where it is refined into
transportation fuels. The reason heavy oils are difficult to
transport is primarily due to its high density and highly
viscous nature.
Industry experts forecast a large increase in Western Canadian
bitumen production over the next 15 years as the oil sands are
further developed. Current demand forecasts indicate most of
this increase in production will ultimately be transported to
refineries in the United States. This will require major
expansions of the pipeline and rail infrastructure as the current
systems are inadequate to meet the growth in volumes (CAPP,
2016).
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Pipeline tariffs or tolls to transport heavy blends to market are
one of the most significant costs that a heavy oil and bitumen
producer faces. The diluent required to meet pipeline
specification is purchased at a premium and is subject to a
tariff on the volumes sent to the field. Once the blend arrives
at the refinery, the diluent content in the blend is sold at a
discount, as the diluent is not in demand in most North
American refinery markets.
The Canadian Association of Petroleum Producers has
forecast that an expansion of the existing transportation
infrastructure is required to connect growing crude oil supply
from Western Canada to new markets (CAPP, 2016).
Pipelines have traditionally been the primary mode of
transportation for long-term movements of bitumen but the
protracted regulatory process continues to present a number
of challenges. This is resulting in higher heavy-to-light
discounts due to excess supply and insufficient takeaway
capacity. Delays in new pipelines is providing the impetus for
additional take-away capacity from railways to complement
pipeline transport.
JetShear™, a proprietary, patented-technology developed by
Fractal System, Inc., was successfully demonstrated in the
field over 2014 - 2015 at a 1,000 bpd Commercial
Demonstration Facility located near Provost, Alberta. The
technology significantly improves the physical properties of
bitumen allowing the processed bitumen to move more easily
in pipelines. This results in a significant reduction to costs
associated with transporting bitumen by avoiding up to 50%
of the required diluent, depending on the bitumen and blend
ratio, to meet the pipeline specification. JetShear can play a
role in debottlenecking pipeline capacity by reducing the
volume of diluent required to move the bitumen to market and
thereby improve the GHG footprint.

STATEMENT OF THEORY AND DEFINITIONS
The objective of JetShear is to change or modify the structure
of bitumen and heavy oils to reduce viscosity and improve its
value. It accomplishes this by targeting modifications of the
asphaltene microstructures, which comprises the heaviest
fraction of heavy oils. Maltenes surround these extremely
complex microstructures and the arrangement of these
molecules in the maltenes result in the observed high
viscosities of heavy oil and bitumen.
JetShear uses a low severity hybrid approach relying on
hydrodynamic cavitation (Suslick, K.S., et. al., 1983) and the
application of heat to structurally modify the asphaltene
molecules. Thermal disorder, below incipient cracking
temperatures, is first introduced followed by cavitation
through a nozzle. Due to the rapid change in pressure,
microbubbles form around nucleation sites. Nucleation sites
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can be suspended submicron particulate matter, colloidal
micelles, or pre-existing microbubbles. The forces that hold
the liquid together need to adjust to these rapid changes in
pressure. The resulting kinetic energy from cavitation is
liberated into sufficient chemical energy to modify the
microstructure and the state of aggregation of the initial heavy
oil components.
The processing of heavy oil with JetShear results in a destructuring of the asphaltene microstructures, leading to new
and beneficial properties (i.e. decrease in viscosity and lower
bulk density) with essentially no change in the chemical
composition and a small volumetric yield increase.
The degree of JetShear destructuring is a function of the
severity index (SI) (Rahimi, et. al., 2003). Severity is a
parameter combining temperature and time. The severity
formula uses residence time and temperature at process
conditions to determine a severity number (e.g. SI). The
severity index is used as an indicator of the chemical events
taking place during the process. It is used to scale up or down
certain operational parameters. For example, one should
expect similar results for an experiment taking place at a
temperature of 380°C and residence time of 10 minutes
compared to an experiment taking place at a temperature of
395°C and residence time of 4.2 minutes.
The severity index (SI) of the reaction was calculated
according to the following equation:
SI = t*exp(-(Ea/R)*(1/T-1/700))
[where t = reaction time, seconds; Ea = activation energy,
taken as 50.1 kcal/mole; R = gas constant, 0.001987
kcal/(mole °K); and T = reaction temperature, °K]
To illustrate how critical properties are a function of the
operating conditions of the plant the results are presented as a
function of SI.

DATA AND OBSERVATIONS
The JetShear technology platform is at the commercial
application stage. Fractal Systems, Inc. has systematically
developed the technology through a logical, deliberate testing
and validation program. The technology was first tested in a
pilot scale facility (e.g. 1 to 30 barrels of oil per day) which
successfully demonstrated the potential of the technology
using various crudes provided by Alberta bitumen and heavy
oil producing companies. The company subsequently
validated the pilot scale studies in the field by processing
heavy oil and bitumen at a 300 barrel per day demonstration
facility equipped with two 150 bpd nozzles. The field
performance effectively demonstrated that the pilot scale
results could be “scaled up” (e.g. 150:1).
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Over the period from 2012-2014 Fractal developed a
relationship with a major oil sands producer and expanded the
capacity of the 300 bpd Demonstration Facility to a
commercial scale demonstration facility with a throughput
capacity of 1,000 bpd (Figure 1). The facility was equipped
with two 500 bpd JetShear nozzles which are located inside of
the JetShear building and shown in Figure 2.
Over the period from April 2014 – April 2015, the facility
processed over 100,000 barrels of partially diluted bitumen
that was trucked to the site in Provost, Alberta from SAGD
projects in the Athabasca region. The partially diluted bitumen
blend processed in the JetShear facility was representative of
the blend ratio at a typical SAGD Central Processing Facility,
upstream of trim blending, where additional diluent is added
to meet the pipeline specification.

the ranges of SI investigated, the viscosity improvement
reaches a maximum of approximately 97%.
The observed density improvement shown in Figure 5 was
relatively minor but is still important with respect to
volumetric yield and is indicative of resid conversion taking
place. The average improvement over the range of SI’s
investigated was 1%.
The tested generic bitumen required ~31 vol% diluent to meet
both viscosity and density specifications for an average
pipeline specification of 12° C. The results indicate that the
bitumen is viscosity limited. This means that additional
diluent is required to reach the viscosity specification over and
above that required to meet the density specification.

The Commercial Demonstration Facility simplified process
flow diagram is shown in Figure 3. The facility is
predominantly comprised of common processing equipment.
Given that the facility is a commercial scale pilot heat
integration and treatment of by-product gases was not
addressed as those technologies are well understood and do
not require field-testing.

Figure 6 shows the diluent avoidance possible for various
operating conditions as represented by the severity index. For
the conditions investigated the diluent avoidance ranges from
32.4% to 42.1%. After JetShear processing the partially
upgraded bitumen becomes density limited and requires
diluent to meet the average pipeline density specification of
<940 kg/m3 than that required to meet the viscosity
specification.

RESULTS

Yield

The goal of the field demonstration project was to achieve (1)
> 40% diluent displacement, and (2) to meet facility
operability and throughput expectations with no safety or
environmental incidents. All key targets were met or
exceeded. Table 1 shows the milestone targets and the field
performance achieved.

Over the course of the field trials, material balance closure
was generally less than 2% and typically 1%. There are small
amounts of losses due to by-product gas generation in the
JetShear process that averaged between 0.3 and 0.4 wt %,
however, these are more than offset on a volumetric basis by
the observed density improvement.

In the following sections, data is presented to show the effect
of JetShear operating conditions on product properties.

Over an eight-month period 10,046.3 m3 (e.g. 9,795,102 kg)
of under-diluted dilbit was processed at the Commercial
Demonstration Facility. Over the period, losses averaged 0.4
wt%. Offsetting this loss was an average density improvement
greater than 0.7% (see Figure 5) resulting in an average
volumetric yield of 100.6%.

Diluent Displacement
Diluent displacement is a result of the combination of
viscosity and density improvements using JetShear and was
calculated as the percentage difference between the diluent
required for the generic bitumen to meet pipeline
specifications and the diluent required for the JetShear product
to meet pipeline specification. Using data from the field trials
and in-house viscosity correlations, the minimum required
diluent addition to raw bitumen to reach viscosity < 350 cSt
and density < 940 kg/m3 at an average yearly reference
temperature of 12° C were determined. A similar approach
was applied to the various JetShear products generated at the
facility. As shown in Table 1 diluent displacement in excess of
40% was established as the performance target.
Figure 4 shows the percentage improvement of viscosity
measured at 12° C as a function of Severity Index or SI. Over
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Stability
When bitumen and heavy oils are treated thermally, part of
asphaltenes and protective resins are converted to smaller
molecules and distillates. At the same time, aromatic fractions
with side-chains are also converted to lighter fractions via
side-chain fragmentation. There are diminutive chemical
changes to saturates and mono-diaromatic components of the
bitumen as a result of operating conditions being below the
incipient thermal cracking temperatures, however, the amount
of saturates is increased as the result of side chain
fragmentation and larger aromatics being converted to smaller
aromatics.
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Furthermore, polar components are transformed to smaller
polar aromatics and/or aromatic compounds. The overall
thermal reaction products contain higher amount of smaller
saturated aromatics. There are small changes to the
concentration of asphaltenes but the remaining asphaltenes are
less stable because of the conversion of resins that stabilize
asphaltenes. Another reason that asphaltenes are typically less
stable in partially upgraded bitumen is because of the increase
in saturated fractions that are considered to be non-solvents
and therefore tend to destabilize the asphaltenes.
Among the available methods to measure stability and
compatibility is the P-value method (e.g. ASTM D7157). The
method is broadly accepted by the industry, is objective, and
measures how easily the asphaltenes, in heavy fuel oils and
diluted in toluene separate or flocculate with the addition of nheptane. The test method results in a calculated P-Value.
Crudes that show a high P-value number are deemed stable
and are compatible with other crudes. As a reference the
stability threshold for thermally processed crudes, such as
those treated in a visbreaker, have P-Values > 1.0 - 1.5.
The principle of the method involves mixing several samples
of dilbit with an aromatic solvent (e.g. toluene) at different
concentrations. The mixtures are subsequently titrated with a
paraffinic solvent (e.g. n-heptane) to cause precipitation of
asphaltenes. After each addition of paraffinic solvent, a
droplet of the solution is placed on a filter paper for visual
detection until appearance of the two dark rings within each
other formed in the spot. The determined results of
flocculation are used to calculate the stability parameters and
subsequently the intrinsic stability from the relative amounts
of oil, paraffinic, and aromatic solvents.
P-Values were measured for both treated and non-treated
dilbit trials. Figure 7 shows the data from the Commercial
Demonstration Facility for a generic bitumen. P-Values ranges
from 2.73 to 2.21 and are therefore considered to be stable. As
expected the initial dilbit feedstock had a slightly higher PValue as the JetShear process does result in some conversion.
Nevertheless, the JetShear processed samples have much
higher P-Values (i.e. > 2.2) than typical industry minimal
thresholds for thermally treated crudes. In addition, the
dynamic stability is maintained over a period greater than 30
days.
TAN Reduction
TAN, an acronym for Total Acid Number, is an indicator of
the acidity present mainly in the alkylated naphthenes
contained in heavy oils and bitumen. Naphthenes are cyclic
compounds with no double bonds between carbon atoms. The
latter are therefore saturated with hydrogen. Acid groups in
organic molecules are essentially carboxylic groups [R-

World Heavy Oil Congress 2016

COOH] and are normally located at the end of the alkyl group
attached to the cyclic naphthenic core. Such carboxylic groups
result in corrosion when at high temperatures and,
consequently, refiners discount crudes due to TAN beyond a
certain level of acidity. TAN is determined via a neutralization
test using potassium hydroxide (KOH) where the number of
mg of KOH needed to neutralize 1 g of crude represents the
Total Acid Number or TAN (e.g. ASTM D664).
For most heavy oils and bitumen blends refiners desire crudes
with TAN less than 1. Beyond this level, a penalty in pricing
is applied by refiners and is a function of the level of TAN.
Under typical operating conditions for JetShear (e.g.
severities), naphthenic acids with lower bonding energies are
destroyed through decarboxylation reactions leading to
reduced TAN in the JetShear products. Figure 8 shows the
TAN reduction as a function of operating conditions,
expressed as Severity Index. TAN reductions of 17.4% to 34%
were observed.

DISCUSSION
Diluent Avoidance
Broad adoption of Fractal’s JetShear technologies would
positively impact infrastructure utilization including both
pipeline take-away capacity and diluent supply infrastructure.
By maximizing infrastructure utilization precious capital can
be deployed elsewhere and oilsands growth can be managed
without the uncertainty and risks associated with the
regulatory process required for pipeline expansion.
By 2020 the diluent demand is expected to be 600,000 bpd
(CERI, 2015) of which 300,000 bpd can be reduced using
JetShear technologies – approximately equivalent to the
current TransMountain pipeline capacity. By 2030 over
525,000 bpd of capacity could be debottlenecked in existing
pipelines – equivalent to the proposed Northern Gateway
Pipeline.
Existing diluent infrastructure is forecast to be near capacity
by 2019. Rail is expected to fill the demand gap in the event
no new pipelines are built. Diluent imports are expected to
grow to 450,000 bpd by 2020 and to 700,000 bpd by 2030 - by
2020 the diluent avoidance potential with JetShear could
materially impact the requirement for new diluent
infrastructure
GHG impacts, on a Wells to Tank basis, can be reduced by
6.7%, based on USGC refining and pipeline transportation
(ClimateCHECK, 2016). With broad adoption of the JetShear
technologies this reduction would be material in meeting
industry, provincial and federal targets (CERI, 2016)
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Yield

•

Less JetShear operating expense = C$0.76/bbl

Achieving high yields is a very important economic
consideration and is typically a major hurdle for partial
upgrading technologies to achieve without the addition of
significant amounts of hydrogen and capital investment. The
JetShear technology is capital efficient, has a small footprint,
requires no hydrogen addition and does not reject any carbon
in the form of coke.

•

Value add per bbl bitumen = C$3.40/bbl

Particularly noteworthy is that processing under-diluted dilbit
with JetShear results in near 100% volumetric yield.
Net Value Addition
For the purpose of illustrating how the reduction of diluent
contributes to a reduction in transportation costs, an example
using Athabasca bitumen blended to a typical dilbit follows
below.
From a high level, there are three components that contribute
to the net value addition attributed to diluent avoidance. There
is the reduced diluent required to meet pipeline viscosity and
density specifications, the reduced tariff due to transporting
less volume, and an adjustment for the JetShear operating
expense. Provided below is an illustration of the reduced costs
realized due to a 45% reduction of the diluent required to meet
pipeline specifications.
Example - 10 bpd basis and 45% reduction of diluent with
JetShear
•

Dilbit: 7 bbls of bitumen + 3 bbls diluent = 10 bbls of
dilbit

•

JetShear (45% diluent avoidance): 7 bbls of bitumen
+ 1.65 bbls of diluent = 8.65 bbls of JetShear product

Assuming the following average 2015 pricing reported by
CAPP:
•

Dilbit (e.g. WCS - C$2.50/bbl) = C$42.35/bbl

•

Diluent (e.g. condensate) = C$60.45/bbl

•

Dilbit tariff = C$2.00/bbl

•

Diluent tariff = C$1.50/bbl

•

JetShear operating expense = C$0.76/bbl

Net Value
•

Diluent savings = C$3.49/bbl

•

Tariff savings = C$0.67/bbl
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There are additional value drivers, beyond diluent avoidance,
that are not considered in this simple analysis. The distillation
profile presented in Figure 9 compares the dilbit feedstock to
three partially upgraded JetShear products. It should be noted
that in Figure 9 the JetShear products, as well as the dilbit, are
not blended to pipeline specifications. It can be seen that the
JetShear products consistently have lower resid, higher VGO,
higher diesel and higher kero/jet fractions. These improved
distillation properties will further add additional value to the
diluent avoidance value addition as these characteristics
should be valued by refiners. As prices recover from
historically low prices, netbacks will similarly improve.
Regardless, in a low price environment the reduction of
diluent and reduction of TAN can add significant protection to
operating cash margins.
Future Enhancements
The observed viscosity and density improvements due to
processing with JetShear result in significant reductions of
diluent required to meet pipeline specifications. As the
severity is increased, density and viscosity can be further
improved but are limited by two parameters, stability and
olefin content. As the severity is increased, there is a negative
impact on P-value (see Figure 7) and olefinic content
increases in the JetShear product. Refiners typically desire Pvalues greater than 1.5. Olefin content is a result of thermally
treating the bitumen. Under the trialed JetShear operating
conditions the olefin content was kept below a threshold of 1
wt% as measured by NMR.
To address these limitations a modified configuration is being
field-tested at the Commercial Demonstration Facility. The
modifications will allow for further reductions in TAN (i.e.
less than 1) as well as removing the olefins. These
modifications will allow higher severity operating conditions
and result in higher diluent displacement (i.e. up to 60%
depending on the bitumen properties), further improvement in
viscosity and density, TAN below 1 and the removal of
olefins. In addition, the high volumetric yields observed with
JetShear will be maintained.
The modified Commercial Demonstration Facility will permit
higher severities and it is expected that the distillation profiles
will improve further. In addition, the reduced TAN (e.g. below
1 mgKOH/g) will contribute to, and further improve the
netbacks to the heavy oil operator. High TAN dilbits, such as
Access Western Blend and Borealis Heavy Blend, have
historically been discounted by an average of $3.00 - 5.00/bbl
due to the TAN being over 1.
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Data from this field trial will be the subject of a future
publication.

Kero/jet – kerosene and jet fuel hydrocarbon fractions that
boil between 360 and 428º F (182-220º C).

CONCLUSION

Naphtha – hydrocarbon fractions that boil between IBP and
360º F (IBP-182º C). Includes straight run and heavy naphtha.

1.

JetShear, a novel process consisting of a combination
of mechanical shearing and thermal upgrading can
significantly reduce the amount of diluent required
for SAGD derived bitumen to meet pipeline
specifications.

2.

Very high yields approximating 100 vol% are
possible with minor losses due to by-product gas
being offset by density improvements.

3.

JetShear processing of under diluted dilbit
significantly improves bitumen viscosity, lowers the
density, and improves TAN thereby allowing for
significantly reduced diluent requirements to
transport in pipelines.

4.

JetShear nozzle life has been demonstrated to be >
4,000 hrs. These results have confirmed the operating
cost assumption for replacement frequency in a
commercial installation.

5.

6.

Jetshear materially improves the distillation profile of
under diluted dilbit by partially upgrading residue to
VGO and lighter components while maintaining
acceptable stability and compatibility parameters.
JetShear integrated into a SAGD facility can
potentially significantly reduce GHG emissions and
improve oil sands sustainability.
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NOMENCLATURE
CPF – Central Processing Facility associated with a typical
SAGD project where produced bitumen and water emulsion is
separated using diluent to facilitate the separation process.
Diesel – hydrocarbon fractions that boil between 428-650º F
(220-343º C).
GHG- Greenhouse gas represented as kg CO2e/bbl of SAGD
bitumen
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NMR – The test method to determine the presence of olefinic
material is the Proton Nuclear Magnetic Resonance
Spectroscopy (HNMR) test. The results of the test procedure
are reported in terms of mass % olefin as a 1-decene
equivalent.
P-Value –ASTM D7157. This test method describes a
sensitive method for estimating the intrinsic stability of an oil.
This test method can be used by petroleum refiners to control
and optimize the refinery processes and by blenders and
marketers to assess the intrinsic stability of blended
asphaltene-containing heavy fuel oils. It is based on titration
and visual detection of peptized or precipitated asphaltenes.
Resid (residue) – hydrocarbon fractions with boiling points
greater than 981º F (527º C).
SAGD – Steam Assisted Gravity Drainage
TAN – Total acid number determined from ASTM D664 11a, “Standard Test Method for Acid Number of Petroleum
Products by Potentiometric Titration”
VGO – Vacuum Gas-Oil are eh hydrocarbon fractions that
boil between 650-981º F (343 - 527º C)
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TABLES

Table 1 - Commercial Demonstration Facility field trial targets

Figure 2 • JetShear nozzles and high-pressure pump

FIGURES

Figure 1 • JetShear Commercial Demonstration Facility
located near Provost, AB
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Figure 3 - Simplified Process Flow diagram of JetShear
Commercial Demonstration Facility
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Figure 4 – Viscosity Improvement as a function of SI
Figure 6 – Diluent displacement as a function of SI

Figure 5 – Density improvement as a function of SI

Figure 7 - P-value as a function of SI
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Figure 8 – TAN reduction as a function of SI
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Figure 9 – Distillation profiles comparing under-diluted dilbit
feedstock to JetShear Products 1, 2 and 3
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