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(57) Abrege(suite)/Abstract(continued):
discharges bitumen or heavy oll from cavities In the conveyor. In one embodiment, the skimmer includes an automatic depth

control system. In other embodiments, knife-edged shear plates remove heavy oll or bitumen adhering to the conveyor and drum.
A barge may Iincorporate multiple parallel skimmers. The barge may include a bitumen-transfer pump having an annular fluid-
Injection flange that generates an annulus of lubricating fluid inside a discharge hose. A method of skimming heavy oll or bitumen
Involves using a skimmer that automatically adjusts its elevation or depth based on a control signal generated by a depth sensor.
Another method recovers and transfers bitumen by lubricating the discharge hose using the annular fluid-injection flange.
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ABSTRACT
Skimmers, barges and related methods recover heavy o1il
or bltumen from contaminated water environments such as
talilings ponds. The skimmer has an articulated mesh-like
conveyor driven around a drum by a drive sprocket. A pusher
mechanism discharges bitumen or heavy 01l from cavities 1in the
conveyor. In one embodiment, the skimmer includes an

automatic depth control system. In other embodiments, knife-

edged shear plates remove heavy 011 or bitumen adhering to the
conveyor and drum. A barge may 1ncorporate multiple parallel
skimmers. The barge may 1include a bitumen-transfer pump
having an annular fluid-injection flange that generates an
annulus of lubricating fluid 1inside a discharge hose. A
method of skimming heavy o©i1l or bitumen involves using a
skimmer that automatically adjusts its elevation or depth
based on a control signal generated by a depth sensor.
Another method recovers and transfers bitumen by lubricating

the discharge hose using the annular fluid-injection flange.
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SKIMMER, BARGE AND METHODS FOR RECOVERING AND

TRANSFERRING HEAVY OIL OR BITUMEN

TECHNICAL FIELD

[0001] The present 1invention relates generally to skimmers

for removing 0il contaminants from a water environment and, 1n

particular, to skimming heavy o1l or Dbitumen from a water

environment such as a tailings ponds.

BACKGROUND

[0002] Bituminous sands {(also known as 01l sands or tar sands
are sands that contain sand, clay, water, and a dense and very
viscous petroleum known as bitumen. O0il sands are developed
through two methods: open-pit mining and deep underground
production. In open-plit mining, hot water 1s employed for
separating bitumen from the sand. Thilis water 1s then sent to
a tailings pond. The tailings ponds are an environmental

concern. For example, these ponds have been harmful to

(]

migrating bilrds. fforts are continually being made to
recover the heavy o0il and bitumen from these tailings ponds

and to clean and rehabilitate contaminated bodies of water.

[0003] Applicant developed and patented some early skimmer

technologies that used a continuous conveyor to skim heavy o1l

oY bitumen.

[0004] The first 1is disclosed in U.S. Patent 5,743,694
(Hines) entitled Y“0il Recovery Apparatus”. This patent
disclosed an open-mesh conveyor designed to slope from a
vessel into the contaminated water and to run with the lower

flight of the conveyor travelling inboard over a flat bottomed

trough.

[0005] An improvement on the technology disclosed 1n U.S.
Patent 5,743,694 is disclosed in U.S. Patent 6,328,888 (Hines)

- 1-
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entitled %“Skimmer”. The latter patent disclosed a conveyor
which wutilizes a press roller or other mechanical pusher

elements to push the extremely viscous heavy o011 or bitumen

from the cavitlies defined by the mesh of the conveyor 1nto a

holding tank.

[0006] Despite this improvement, very substantial technical
challenges remailn. Recovering the extremely viscous and
sticky bitumen or heavy o0il from a contaminated water
environment such as a tailings pond 1s very challenging for a
nunber of reasons. For example, the bitumen or heavy o1l
adheres to the sklmmer mechanism, interfering with the smooth

operation of the conveyor and inhibiting discharge from the

[

conveyor. ffective skimming 1s also highly sensitive to the

griy

precise placement and orientation of the skimmer relative to

the heavy o011l or bitumen floating on the surface of the
contaminated water environment. Another problem arises when
attempting to transfer bitumen to shore from the holding tank
on the barge. Therefore, there exists a need 1in the o1l
1ndustry for a more effective skimmer and barge and for more

effective methods of skimming bitumen and heavy oil.

SUMMARY

[0007] The present invention, 1in general, provides novel
skimmers for skimming heavy o©il or bitumen as well as novel
barges for recovering and transferring heavy 01l or bitumen
from the barge to shore or to another vessel. The present
invention also provides related methods for recovering and

transferring heavy o0il or bitumen from a contaminated water

environment.

[0008] In accordance with one main aspect of the present
invention, a skimmer includes a frame for supporting a drive

sprocket and for supporting a drum. The skimmer includes a
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conveyor driven around the drum by the drive sprocket, the
conveyor defining a downwardly moving upper flight and an
upwardly moving lower flight. A skimmer also 1includes a
trough disposed below a portion of the 1lower flight, the
trough extending from the drum to a discharge opening. The
skimmer further includes a pusher mechanism disposed at the

discharge opening to force bitumen or heavy o0il from the

conveyor 1into the discharge opening. The skimmer further
lncludes a shear plate disposed at the discharge opening,
wherein the shear plate has a knife-edge for cutting away

bitumen or heavy o0il adhering to the conveyor.

[0009] In accordance with another main aspect of the present
invention, a skimmer includes a frame for supporting a drive
sprocket and for supporting a drum. The skimmer 1ncludes a
conveyor driven around the drum by the drive sprocket, the
conveyor defining a downwardly moving upper flight and an
upwardly moving lower flight. The skimmer also 1ncludes a
trough disposed below a portion of the lower flight, the
trough extending from the drum to a discharge opening. The
skimmer further includes a pusher mechanism disposed at the
discharge opening to force bitumen or heavy oil £from the
conveyor 1nto the discharge opening. The skimmer further
includes a shear plate disposed at the drum, wherein the shear

plate has a knife-edge for cutting away bitumen or heavy o1l

adhering to the drum.

[0010] In accordance with another main aspect of the present
invention, a skimmer includes a frame for supporting a drive
sprocket and for supporting a drum. The skimmer includes a
conveyor driven around the drum by the drive sprocket, the
conveyor defining a downwardly moving upper flight and an

upwardly moving lower flight. The skimmer also 1includes a

trough disposed below a portion of the 1lower flight, the

trough extending from the drum to a discharge opening. The

~ 3=
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skimmer further includes a pusher mechanism disposed at the

discharge opening to force bitumen or heavy 01l from the

conveyor 1nto the discharge opening. The skimmer further
includes a shear plate disposed at the drum, wherein the shear

plate has a knife-edge for cutting away bitumen or heavy oil

adhering to the drum.

[0011] In accordance with vyet another main aspect of the
present i1nvention, a barge for recovering heavy o1l or biltumen
includes a floating structure adapted to float on a surface of

a contaminated water environment and a plurality of parallel

skimmers mounted to the floating structure.

[0012] In accordance with vyet another main aspect o©of the
present 1invention, a barge for the recovery and transfer of
bitumen 1includes a floating structure adapted to float on a
surface of a contaminated water environment, at 1least one

skimmer mounted to the floating structure for recovering

bitumen from the surface of the contaminated water environment

and for discharging the bitumen into a holding tank, and a

bitumen-transfer pump disposed in the holding tank for

transferring the bitumen through a discharge hose, wherein the
bitumen-transfer pump 1includes an annular fluid-injection
flange for generating an annular barrier of fluid 1nside the

discharge hose to lubricate the inside of the discharge hose.

[0013]) In accordance with yet a further main aspect of the
present 1invention, a method of skimming heavy o1l or bitumen
entails disposing a skimmer having a conveyor 1n a water

environment contaminated with heavy o0il or bitumen, operating

the conveyor of the skimmer to recover the heavy o011 or

bitumen from the water environment, and automatically
controlling a depth of the skimmer using an automatic depth

control system that receives a control signal from a depth

sensor connected to the skimmer.

— 4-
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[0014) In accordance with yet a further main aspect of the
present 1inventlon, a method of recovering bitumen from a
contaminated water environment. The method entails skimming
the bitumen from a surface of the contaminated water
environment, wherein skimming includes discharging skimmed
bitumen into a holding tank, and pumping the bitumen from the
holding tank using a transfer pump connected to a discharge

hose. The transfer pump may 1nclude an annular fluid-

injection flange for generating a lubricating annulus of fluid

to facilitate transfer of the bitumen through the discharge

hose.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Further features and advantages of the present
technology will become apparent from the following detailed

description, taken in combination with the appended drawlings,

in which:

[0016] FIG. 1 is a perspective view of a barge and skimmer in

accordance with an embodiment of the present invention;

[0017] FIG. 2 is a top view of the mesh-like structure of the

conveyor used in the skimmer of FIG. 1;

[0018] FIG. 3 1is a side elevation view of a skimmer 1n

accordance with an embodiment of the present 1invention;

[0019] FIG. 4 1s a view of the lower flight of the conveyor

of the skimmer of FIG. 3;

10020] FIG. 5 1s a side elevation view of a Dbarge 1in

accordance with an embodiment of the present invention; and

[0021] FIG. 6 1is a plan of the main deck of the barge of FIG.
S;
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[0022] FIG. 7 is a plan of the hold of the barge of FIG. 5;

[0023} FIG. 8 is a front view of an annular fluid-injection

flange for the transfer of bitumen; and

[0024] FIG. 9 is a cross-sectional view of the flange of FIG.
8.

DETAILED DESCRIPTION

[0025] In general, and by way of overview, the present

invention provides novel skimmers, heavy o0il and bitumen

recovery and transfer barges and related methods of skimming

and transferring heavy o0i1l and bltumen.

[0026] SKIMMER

[0027] In the embodiments depicted by way of example 1n the
appended figures, the skimmer 100 has a conveyor (or conveyor
belt) 110 which is used to skim heavy o0il or bitumen and to

convey the heavy o0il or bitumen into a holding tank. This

conveyor may be made of metal such as, for example, stailinless
steel, although other suitable materials may be utilized.

This conveyor may, for example, be mounted to a barge 300 as

shown in FIG. 1.

[0028] As depicted by way of example 1in the figures, the
conveyor may be an articulated open mesh (as depicted
particularly in FIG. 2) defining a plurality of cavities 120
for collecting and transporting the heavy o0il or bitumen. An

example of a suitable mesh structure for the conveyor 1is

disclosed in U.S. Patent 6,328, 888.

[0029] In the depicted embodiments, the conveyor may be
efficiently driven by a drive sprocket 130 having teeth 132 or
cogs that mesh with the cavities of the mesh-like structure of

the conveyor. As shown by way of example, the conveyor

- 6H-
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travels around a drum 140 or roller which 1s a passive

cylindrical or tubular component. The drum may be replaced by
any sultable 1dler, wheel or any suitable combination of

passive rolling elements.

[0030] In the embodiments illustrated, the skimmer 100 has a
frame 102 that supports a conveyor 110 that travels in a
clockwise direction when viewed from its left side (i1i.e. when
viewed 1n the manner depicted in FIG. 3). The direction of
travel of the conveyor means that an upper flight 112 of the
conveyor travels 1in a downwardly sloping manner from the drive

sprocket to the drum whereas a lower flight 114 of the

conveyor travels 1n an upwardly sloping manner from the drum
to the drive sprocket. Heavy 01l or bitumen is thus collected
by the cavities of the mesh-like conveyor as the conveyor dips

into the bitumen or heavy oil floating on the surface of the

tailings pond or other body of water. The collected bitumen
or heavy o1l 1s then conveyed upwardly toward a discharge

opening 116 where it discharges into a containment tank or

holding tank in the barge.

[0031] Because of the extremely high viscosity of the bitumen
or heavy o1l being conveyed, the bitumen or heavy oil will
resist falling naturally {(under the effect of gravity) into
the contalinment tank. Therefore, to facilitate the discharge
from the conveyor, a pusher mechanism 118 is provided. The
pusher mechanlism may be a press roller of the type disclosed
in U.S. Patent 6,328,888. This press roller has teeth that
are adapted by their shape and size to press the heavy o0il or
bitumen from the cavities. Other non-rotary presses or

pushing elements may be utilized.

10032) A trough or tray 122 extends as shown by way of

example 1n the figures from the bottom of the lower flight to

a discharge opening where the bitumen or heavy 011 discharges

- ]-
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into the contalnment tank. The trough (tray) protects the
barge from any bitumen or heavy o1l that detaches prematurely

from the conveyor while 1t 1s being conveyed up to the

discharge opening.

[0033] Because the bitumen or heavy o0il tends to adhere or
cling to the conveyor, a shear plate 150 is provided to cut
away the bitumen or heavy o0il from the conveyor so that the
bitumen or heavy o1l falls into the containment tank disposed
below the discharge opening. This top shear plate may be
disposed at a top of the 1lower flight of the conveyor,

adjacent the discharge opening and press roller.

[0034] In another main set of embodiments, this top shear
plate 1s a knife-edged (or razor-edged) shear plate designed

to cut off bitumen. This knife-edged shear plate 1s an

improvement on the flat-faced shear plate of U.S. Patent

)

6,328,888 because the knife edge cuts the bitumen off rather

than attempting to scrape it off.

[0035] The knife-edged shear plate has a razor-sharp blade
that may be, for example, bevelled or cut at 45 degrees to
present a sharp but robust leading edge. As shown 1n the
embodiments depicted 1in the figures, the shear plate points
downwardly toward the upper end of the trough to thereby

define the discharge opening. In other words, the discharge

opening 1s defined by the space between the lower edge of the

knife-edged shear plate and the upper edge of the trough.

(0036} Not only does the bitumen or heavy 01l tend to adhere

to the conveyor, but 1t also may adhere to the drum.

Accordingly, to address this further problem, in one maln set
of embodiments, the novel skimmer has a lower shear plate 152
disposed at a bottom of the lower flight of the conveyor.

Thlis lower shear plate may have a knife edge (or razor edge)
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which may or may not be the same as the knife-edged upper
shear plate. The lower shear plate cuts off the bitumen to
thereby clean the lower drum so that the lower drum doés not
reload the belt with bitumen before it has the opportunlty to
rick up new bilitumen from the water surface. In the
embodiments 1llustrated, this lower drum—-cleaning shear plate
points downwardly and 1s positioned tangentially to the bottom
of drum. Bitumen adhering to the drum 1s sliced off Dby the

lower shear plate and falls naturally into the cavities of the

conveyor beneath.

[0037] Applicant has also recognized that maintaining the
skimmer at the right elevation or depth optimlizes 1ts
effectiveness. Accordingly, in another main set of
embodiments, the skimmer has an automatic elevation control
system for automatic adjustment of the elevation (or “depth”)
of the skimmer. A sensor provides a control signal to a
controller which, in turn, controls the hydraulics

automatically to regulate the elevation (depth) of the

skimmer.

[0038] In one implementation, the sensor may be a float bulb

which sends an elevation/depth signal to a controller for

controlling the elevation/depth o©of the skimmer. The

controller may be any microprocessor, processing unit,

computer, etc. In one implementation, the controller
automatically controls a pair of hydraulic cylinders 180 to
ralse and lower the skimmer. In another implementation, one
controller receives control signals from multiple sensors and

individually controls multiple parallel skimmers Dbased on

their respective control signals.

[0039] While the three new features described above (top

knife-edged shear plate, bottom drum-cleaning shear plate, and

automatic elevation control) may be used independently of one

- O-—
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another 1in different variants of the skimmer, for optimal

performance, the skimmer should employ all three of these

features, 1.e. the skimmer should include the knife-edged top
shear plate, the knife-edged bottom shear plate, and the
automatic elevation control system. Using all three of these

novel features enables the skimmer to operate with utmost

efficiency and effectiveness. The elevation/depth control
system automatically adjusts the skimmer’s depth for optimal
pick-up of new bitumen or heavy o0il while the shear plates cut

away bitumen from the conveyor and drum to keep the conveyor

running efficiently.

[0040] Further design features of the skimmer will now be
described.
[0041] The skimmer may also include four wheel assemblies 160

for displacing the frame of the skimmer over guide rails 170,

i

as shown by way of example in FIG. 1. The wheel assemblies

and guide ralls together form a carriage assembly for smooth
motlon of the skimmer when raising or lowering the skimmer
into the water. One or more stops on each guide rail 170 1s
provided to ensure that the skimmer cannot roll into the water
1in the unlikely event that the hydraulic cylinders 180 were to
fail mechanically. The rails may be affixed (e.g. welded) to

the side of the barge hull.

[0042] In one embodiment, the skimmer 1includes a trough-
tensionling mechanism (or Ytray-tensioning mechanism”) for
holding the trough (“tray”) at a predetermined distance
beneath the lower flight of the c¢onveyor. The trough-
tensioning mechanism may include a plurality of spring

assemblies 190 in which coil springs are arranged

substantially perpendicular to the upper and lower flights of
the conveyor. Because of the mechanical elasticity i1ntroduced

by the spring assemblies 190, the trough 122 can displace over

— lo_
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a limited range to provide a gap sufficient for debrilis or
foreign objects (e.g. branches, stones, animal bones, etc.)
having a size up to about 1 inch (2.5 cm) to pass between the
lower flight of the conveyor and the trough. Without this

spring-loaded trough, debris or foreign objects might cause

the conveyor to jam.

[0043] The frame of the skimmer may also 1include four

bearing-adjustment mechanisms 200 for adjusting the relative

positions of the left and right bearings 134 of the drive

sprocket 130 and the left and right bearings 144 of the drum
140, These four bearing-adjustment mechanisms 200 enable
adjustment of the tension in the conveyor 110 by regulating
the distance between the axes of the drive sprocket 130 and
drum 140. The bearing-adjustment mechanisms 200 also permit
adjustment of the tracking of the conveyor 110 (to ensure that

1t tracks correctly for optimal performance).

[0044] The skimmer 100 may also include a funnel and splash
guard 210 that guides material 1into the holding tank and
prevents spattering of oil. As shown by way of example 1n
FIG. 3 and FIG. 4, this funnel and splash guard 210 may be
disposed at the top of the conveyor 110, 1.e. at least

partially enshrouding the drive sprocket.

[0045]  BARGE

[0046] The skimmer disclosed above may be mounted to,
installed on, or otherwise incorporated into a barge 300. The
term “barge” is meant to encompass any type of vessel that 1s
adapted to be used on a tailings pond or contaminated water
environment upon whose surface 1is floating a highly viscous

heavy o01il, bitumen or simillar substance.

[0047] An example of such a barge 1s shown in the figures

although 1t should be appreciated that the novel skimmer may

— 11_
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be mounted to other types of vessels. As shown by way of

example in FIG. 5 to FIG. 7, the barge 300 has a hull 302, a
main deck 304, railings 306, a pilot house 308, an engine room
with engine 310, fuel tanks 312, outboard propulsion system

314, a hydraulic power pack 316, a reclaiming tank 318 (also

referred to herein as a containment tank, container or holding
tank), a crane 320 for manipulating the skimmers and transfer
pump, a pair of skimmers 100 disposed 1n thilis exemplary
configuration at the front of the barge 300, and a control
console 322 for controlling the skimmers. The hull, pilot
house and decks of the barge may be constructed from bare
(unpainted) marine grade aluminum (e.g. 5000 or 6000 series)
for optimal performance in contaminated water environments,
although persons of ordinary skill in the art will appreciate

that other materials may be substituted or utilized.

[0048] In the embodiment depicted in the figures, the barge
has two side-by-side skimmers. These skimmers may be
controlled by a common controller or by two separate
controllers. Each of the skimmers may be powered Dby a
respective pair of hydraulic actuators. Although 1in the
illustrated embodiments the barge has two skimmers, it will Dbe

appreciated that the barge may include more than two skimmers.

In other words, the barge may have any number of parallel

replaceable skimmers.

[0049] Applicant has discovered that merely widening the
skimmer’s contact surface counter-intuitively does not
increase performance but actually degrades performance due tO
power requirements and CONveyor distortion issues.
Accordingly, the barge uses multiple parallel skimmers rather
than a single wide skimmer. The skimmers may be replaceable
modular units that can be removed for maintenance, overhaul,

repair or servicing or replaced by an altogether new skimmer.
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[0050] In another malin set of embodiments, the barge may

F

include a bitumen transfer pump (not illustrated) for

transferring bitumen from the barge to shore (or to another

barge or vessel). This bitumen transfer pump may be disposed

in the holding tank. The bitumen transfer pump, 1n one

embodiment, has an Archimedean screw for displacing the
bitumen and an annular fluid-injection flange 400, such as the
one shown by way of example in FIG. 8 and FIG. 9. As shown 1in
the figures, water or other lubricating fluid enters the
annular fluid-injection flange 400 wvia a plurality of

equidistantly—-spaced inlets 402. The annular fluild-injection

flange may be constructed of an i1nner ring 406 and an outer
ring 408, as shown by way of example in FIG. 9. The water 1s
redirected through an annular outlet 404 to form an annulus of
water. The annular fluid-injection flange 400 thus enables an
annulus of fluid, e.g. water, to be injected into the transfer
line. The water (or other fluid) provides an annular water
barrier around the discharging, extremely viscous bitumen.
Previously, conventional techniques required that bitumen be
mixed with a solvent such as naptha. Once the bitumen-naptha
mixture reaches its downstream destination, the naptha 1is then

removed from the bitumen, and recycled back upstream for reuse

with the next amount of bitumen.

[00561] An example of a suitable bitumen transfer pump 1s the

FOILEX TDS (“Twin Disc Screw”) pump avallable from FOILEX

Engineering AB (Gdteborg, SWEDEN). The FOILEX TDS pumps are
designed for off-loading or transfer pumping of highly viscous
substances such as crude o0il, bunker o011l and emulsions.
These pumps have been found by Applicant to work exceptionally

well with bitumen as well provided the annular fluid-injection

Ll

"lange 400 1s used to lubricate the discharge hose. It will

be appreciated that other pumps may be substituted.
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[0052] In the embodiment illustrated by way of example, the

crane 320 may be a knuckle crane or equivalent. This crane 1s
designed for moving the detachable (replaceable) skimmers and

for moving the transfer pump into and out of the holding tank.

[0053] In the embodiment illustrated by way of example, the

holding tank 318 (i.e. container, containment tank, reclaiming
tank) may be, for example, approximately five cubic metres for
holding skimmed bitumen or heavy o0il, although 1t will Dbe
appreciated that the volume may be varied depending on the
size of the barge or other factors. The transfer pump 1s
placed in the bottom of the holding tank to transfer skimmed

bitumen or heavy o0il to shore or to another vessel via a

discharge hose or other transfer means.

[0054] In one embodiment, the barge has an 01l reservolr that

is disposed at a bottom inside surface of the hull. This

placement of the o0il reservoir facilitates heat transfer to

the hull and surrounding body of water, thereby cooling the
hydraulic o1il.

[0055] In one embodiment, the barge has one or more hydraulic

outboard drives for propulsion. Each propeller 324 1s tilt-
adjustable and helght-adjustable. The height-adjustable
mechanism may optionally be limited so that the propeller can
only be lowered as deep as the hull but no further to ensure

that the propeller remains protected by the hull even at 1ts

lowest (deepest) position.

[0056] Optionally, the barge may include a hitch for towing

an object, for example, for towing a boom, another barge, a

smaller watercraft, a pontoon skimmer, etc.

[00567] Instead of mounting one or more skimmers to a barge, a
single skimmer may be pontoon-mounted and controlled remotely

by a cable or wireless link. The pontoon-mounted single

- 14_
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skimmer may be operated by a user on shore ©or on a nearby

barge or vessel. Optionally, two pontoon-mounted single
skimmers may be attached to the starboard and port sides of

the barge to increase the skimming capacity, e.g. to a total

of four skimmers. These may be connected to the barge using a

vertical keyway that allows vertical self-adjustment of the

pontoon-mounted skimmers so that each one can operate at the

optimal depth.

[0058] The skimmers may also be adapted for land-based
operation. Due to the wvariability of the depth from the

mounting point on shore, a series of skimmers may be installed

to reach a desired elevation without the assistance of a pump.

[0059] METHODS

(0060} The foregoing skimmer and barge technologies enable

various new methods for skimming heavy oil or bitumen.

[0061] One method 1s a method of skimming heavy o0il ox
bitumen wusing automatically controlled skimmers. In other
words, this method entails automatically controlling the
elevation (depth) of the skimmer using an elevation sensor
(depth sensor) that sends a control signal to a controller
that, in turn, controls the elevation (depth) of the skimmer.
This method involves disposing the skimmer in the water. This
may be accomplished by manually operating the hydraulic
actuators to 1lower the skimmer 1nto the water. Once the
skimmer 1is 1n the water, the automatic elevation control
system 1s activated. This automatic elevation control system

continually adjusts the depth of the skimmer to provide

optimal skimming performance.

[0062] Another method entails recovering Dbitumen from a
bitumen tailings pond or any other contaminated water

environment. The method involves skimming bitumen from the

- 15~



CA 02731868 2012-02-27

water (e.g. tailings pond), dumping the bitumen into a holding
tank and then pumping the bitumen from the holding tank. In

one embodiment, the pumping 1s accomplished using an annular

fluid-injection flange which introduces an annulus of fluid
such as water 1inside the discharge hose around the bitumen

being pumped out (to lubricate the discharge hose).

[0063] These methods may be performed independently of one

F

another or together. The method of transferring bitumen may

be performed without heating the bitumen or, as noted above,

mixing the bilitumen with any solvent. These methods may be

used to recover heavy 01l and bitumen from tailings ponds or

p—

other bodies of water at any temperature above freezing.

[0064] The foregoing technologles are directed to recovery of

bitumen or heavy o01l1l. However, the technologlies may also be

used to recover some medium olls as well. For the purpose of
this specification, 1t should be understood that the term

“heavy o01l1l” 1s meant to encompass petroleum or hydrocarbon

substances having a downhole viscosity of 10 to 10,000 cPo

(centipoises) whereas the term “bitumen” 1s meant to encompass

oil sand or tar sand substances having a downhole viscosity of

greater than approximately 10,000 cPo.

[0065] The embodiments of the invention described above are

intended to be exemplary only. As will be appreciated by

those of ordinary skill in the art, to whom this specification
is addressed, many obvious variations can be made to the
embodiments present herein. The scope of the exclusive right

sought by the applicant is therefore intended to be limited
solely by the appended claims.
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CLAIMS

1. A skimmer comprising:

a frame for supporting a drive sprocket and for

supporting a drum;

a conveyor driven around the drum by the drive

sprocket, the conveyor defining a downwardly

moving upper flight and an upwardly moving lower

£f1ight;

P

a trough disposed below a portion of the lower flight,

the trough extending from the drum to a discharge

opening;

a pusher mechanism disposed at the discharge opening
to force bitumen or heavy o1l from the conveyor

into the discharge opening; and

a shear plate disposed at the drum, wherein the shear

plate has a knife-edge for cutting away bitumen or

heavy oil adhering to the drum.

2. The skimmer as claimed in claim 1 wherein the conveyor

is an articulated open mesh defining cavities for
collecting and transporting the heavy o0il or bitumen
and wherein the pusher mechanism 1is a press roller
adapted to press the heavy oil or bitumen from the

cavities.

3. The skimmer as claimed in claim 1 or claim 2 whereiln

the frame comprises a plurality of wheel assemblies

for rolling over rails for displacing the frame when

F

an elevation of the skimmer 1s adjusted.

- 17 -
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grien

The skimmer as claimed in any one of claims 1 to 3

wherein the frame comprises four bearing-adjustment

P

mechanisms for adjusting the relative position of left

and right bearings of the drive sprocket and 1left and

P-v

right bearings of the drum.

The skimmer as claimed in any one of claims 1 to 4

further comprising a trough-tensioning mechanism

having a plurality of spring assemblies connecting the

frame to the trough for elastically holding the trough

at a predetermined distance from the lower flight of

the conveyor.

—

The skimmer as claimed in any one of claims 1 to S

further comprising a funnel and splash guard at least

partially surrounding the drive sprocket for guiding

heavy 0il and bitumen into a holding tank.

The skimmer as claimed in any one of claims 1 to ©

further comprising an upper shear plate disposed at

the discharge opening, wherein the upper shear plate

has a knife-edge for cutting away bitumen or heavy o1l

adhering to the conveyor.

The skimmer as claimed in any one of claims 1 to 7

further comprising an automatic depth control system

for generating a control signal when sensing a depth

of the conveyor and for automatically controlling the

depth of the skimmer based on the control signal.

The skimmer as claimed in any one of claims 1 to 7/

further comprising an automatic depth control system

P

having a floating sensor connected to the skimmer for

generating a control signal when sensing a depth of

- 18 -
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the conveyor and for automatically controlling the

depth of the skimmer based on the control signal.

A method of skimming heavy o©il or bitumen, the method

comprising steps of:

disposing a skimmer having a conveyor 1n a water
environment contaminated with  heavy o1l or

bitumen:;

conveying the heavy o0il or bitumen using the skimmer

by driving a conveyor using a drive sprocket and

drum mounted to a frame for supporting the
conveyor to thereby recover the heavy o1l or

bitumen from the contamlinated water environment;

il o
e

cleaning the drum by shearing o: the heavy o011 or

bitumen using a shear plate disposed at the drum.

The method as claimed in claim 10 wherein the step of

F

cleaning the drum comprises shearing off the heavy o1l

or bitumen using a knife-edge shear plate.

The method as claimed in claim 10 or claim 11 further
comprising:

*

sensing a depth of the conveyor;

generating a control signal; and

automatically controlling the depth of the conveyor

based on the control signal.

The method as claimed in any one of claims 10 to 12
further comprising shearing heavy o1l or biltumen from
the conveyor at a discharge opening beside the drum

and a trough underlying the conveyor.

_19 -
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The method as claimed in any one of claims 10 to 12
wherelin conveying the heavy o011l or bitumen comprises

elastically holding a trough at a predetermined

distance from a lower flight of the conveyor using a

plurality of spring assemblies connecting the frame to

the trough.

The method as claimed in any one of claims 10 to 14

further comprising displacing the frame over raills

g

when an elevation of the skimmer is adjusted.

220 -
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