Office de la Propriete Canadian CA 2636180 C 2016/01/19

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 636 1 80
g[‘ grga”isge ’ f"(‘j age”‘éy of ’ 12y BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
(13) C
(22) Date de depot/Filing Date: 2008/06/26 (51) Cl.Int./Int.Cl. GOTV 7/16 (2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2008/12/28 (72) Inventeurs/inventors:
- _ BREUKELMAN, WILLIAM A., CA;
(45) Date de delivrance/lssue Date: 2016/01/19 MAIN. BRIAN WILLIAM. CA:
(30) Priorites/Priorities: 200//06/28 (US60/929 473); FRENCH, JOHN BARRY, CA

2007/07/19 (US60/929,963) (73) Propriétaire/Owner:

GEDEX INC., CA
(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : METHODE DE PROSPECTION ET D'EXPLOITATION DE SABLES BITUMINEUX
(54) Title: METHOD FOR OIL SAND EXPLORATION AND DEVELOPMENT

Cross section of channel sand, A-B

AL

S,

56
58
60
64

Depth {meters)
N =
S
O -

IZ:' gamzl fll 2.1 g/co & Wm “%&\“ﬁi
rand Rapids sands and Clear Water shales 2.6 g/cc AL,
Wmmfmmwwf'
. ..................... _:::::". 2 ‘Q\ "“\
SRR RS hmnamm\ %‘%ﬁ% Wéﬁ mm
bltumen-f Iled channel sand 2.13 g/c: V ...... !
EH .*o‘rlf-fff‘l M m el '
*- regional water/b:tumenjg usrfafedosan?dtfl:l:ale sequence 2,28 g/cc I
.’ I
0 1 000 2000 3&00 4000 5000
Distance (meters)
62

66

(57) Abrege/Abstract:
The Invention provides a method of locating, In terrain containing oll sand deposits and also containing shale, clean oll sands
deposits (I.e. those not containing significant shale) which are large enough for economic exploitation. The method includes flying a
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(57) Abrege(suite)/Abstract(continued):
high sensitivity gravity gradiometer over the terrain and measuring at least one component, preferably the vertical component, of

the local gravity gradient field at a number of points In a grid pattern on the terrain. The densities of sand and shale are normally
approximately the same, making it difficult to distinguish them. However In an oll sands environment, there can be a sufficient

difference In bulk density such that by using a very sensitive gravity gradiometer, or by otherwise reducing the noise signal using
appropriate surveying methods, large clean oll sand deposits can be distinguished from other oll sand deposits not l[arge enough

for economic exploitation.
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ABSTRACT OF THE DISCLOSURE

The invention provides a method of locating, in terrain containing oil sand
deposits and also containing shale, clean oil sands deposits (1.e. those not
containing significant shale) which are large enough for economic exploitation.
The method includes flying a high sensitivity gravity gradiometer over the terrain
and measuring at least one component, preferably the vertical component, of
the local gravity gradient field at a number of points in a grid pattern on the
terrain. The densities of sand and shale are normally approximately the same,
making it difficult to distinguish them. However in an oil sands environment,
there can be a sufficient difference in bulk density such that by using a very
sensitive gravity gradiometer, or by otherwise reducing the noise signal using
appropriate surveying methods, large clean oil sand deposits can be
distinguished from other oil sand deposits not large enough for economic

exploitation.

-19 -
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TITLE: METHOD FOR OIL SAND EXPLORATION AND DEVELOPMENT

PRIOR APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application
Serial No. 60/929,473, filed June 28, 2007 entitled "METHOD FOR OIL SAND
EXPLORATION", and U.S. Provisional Application Serial No. 60/929,963, filed
July 19, 2007 entitled "METHOD FOR OIL SAND EXPLORATION AND
DEVELOPMENT".

FIELD
[0002] This invention relates to methods for oil sand exploration and
development, including particularly methods for locating and differentiating

areas with high shale content from areas of low shale content within oil sand

deposits.
BACKGROUND
[0003] Oil sands (which are deposits of sand impregnated with bitumen,

or viscous oil) are a well-known source of oil. For example, it has been
estimated that approximately 175 billion barrels of bitumen can be recovered,
using current technology, from the oil sands located in the province of Alberta,
Canada. While some of the oil from the oil sands in Alberta can be and is
produced by open-pit mining, unfortunately open-pit mining can reach only a
small fraction of the available oil sand deposits. The bulk (approximately 81%)
of the oil sand reserves established in Alberta is too deep below the surface to

be mined and must be extracted using in situ techniques.

[0004] Several well-known methods are used for in situ recovery of
bitumen from oil sands. These methods all involve substantial cost. For
example, a primary method for in situ oil sands recovery of bitumen is "Steam
Assisted Gravity Drainage” or SAGD. This method involves drilling two

horizontal wells, the top well being used to inject high pressure steam into the oil
-1 -
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sand deposit, and the bottom well being used to collect bitumen which has been
heated by the steam to become less viscous and can therefore flow into the

bottom well.

[0005] It i1s evident that before bitumen can be extracted from oil sand
deposits which are buried below the ground surface, the required oil sand
deposits must first be located. To economically justify the installation of bitumen
extraction equipment, the oil sand deposit from which bitumen is being extracted
must be sufficiently large. Typically the minimum size of an oil sand deposit
which would justify installation and use of extraction equipment is 500 m long x
500 m wide x 30 m deep. These dimensions are approximate and can change
with technology and according to a variety of factors (a larger volume could be

required to justify stand alone production facilities).

[0006] In addition to the above minimum size requirement, there Is also a
requirement that the oil sand deposit be "“clean”. The reference to "clean”
means that there should not be any significant quantity of shale present in the
deposit. This is because if shale is present in the oll sand deposit, the shale will
act as a barrier to both the flow of steam, and the flow of oil, and will severely

restrict the volume of oil that can be recovered.

[0007] Locating clean oil sand deposits of at least the minimum size

needed has in the past required driling a systematic grid of core holes or
exploration wells, and conducting two-dimensional seismic exploration, which
can require clear cutting of vegetation. Drilling the exploration wells and
conducting seismic, is extremely expensive and can disfigure the landscape. In
addition, In some locations, such as northern Alberta, exploration wells can be
drilled only at limited times of the year limiting the speed of exploration and
development. However, to date there has been no means of determining

volumes of clean sand aside from drilling.
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SUMMARY

[0008] The applicant has determined that, contrary to the belief of experts
In the field, buried deposits of clean oil sands of sufficient size for economic
exploitation can be located by the use of gravity gradient surveying. This Is a
surprising result, since it is necessary for in situ development of oil sands to
distinguish between "good oil sand deposits" which do not contain shale (and
which can therefore be exploited), and "bad sand deposits”" which contain
significant shale (and which therefore cannot be exploited or are extremely
difficult or uneconomic to exploit). At least partly because the density of sand
and shale are approximately the same, experts in the field, when asked about
the feasibility of using gravity gradient techniques for locating clean oil sand

deposits, all replied that in their opinion, such techniques would not work.

[0009] The applicants have determined that for the reasons and under the
circumstances set forth below, gravity gradient surveying can be used to locate
economically viable deposits of oil sands. Therefore, in one aspect the
invention provides a method of locating, in a selected terrain, a deposit of clean
oil sand of a desired size, said deposit being beneath the surface of said terrain,
said method comprising selecting an instrument for measuring one or more
components or combinations of components of the gravitational gradient,
moving said instrument over said terrain in a selected pattern to measure one or
more components or combinations of components of the gravitational gradient
at each of a plurality of points on said terrain to produce a measurement thereof
at each point and recording the measurements at said points, to produce a
gravitational gradient record, and analyzing said record to determine the

presence or absence of said deposit.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Preferred embodiments of the invention will be described in

connection with the accompanied drawings. In the drawings:

[0011] Fig. 1 is a cross-sectional view showing typical geology in which oll

sand deposits are found;

[0012] Fig. 2 is a diagrammatic cross-sectional view showing a SAGD

installation for in situ extraction of bitumen from olil sands;

[0013] Fig. 3 is a cross-sectional view of a simplified model terrain

showing sedimentary layers and a clean channel sand;

[0014] Fig. 4 is a plot showing the response of a gravity gradient

instrument to the terrain of Fig. 3;

[0015] Fig. 5 is a plot similar to that of Fig. 4 but using a less sensitive

gravity gradient instrument;

[0016] Fig. 6 shows a cross-section of another simplified model terrain,
having topographical features in the limestone basement shown therein and a

channel sand that has sections of clean sand and sand containing shale;

[0017] Fig. 7 is a plot showing the response of a gravity gradient

instrument to the Fig. 6 model;

[0018] Fig. 8 is a plot similar to that of Fig. 7 but showing the response of

a gravity gradient instrument with a higher intrinsic noise level; and

[0019] Fig. 9 I1s a cross-sectional view showing another model terrain

having topographical features in its upper surface, namely rolling hilis.
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DETAILED DESCRIPTION

[0020] Oil sand deposits are typically found in ancient fluvial estuarine
systems. Over time river systems frequently formed over lows in a limestone
basement, meandered, cut channels, rose and fell, flooded and deposited layers
of sand and shale, creating geology similar to that shown in Fig. 1. In Fig. 1, the
limestone basement is shown at 12, while a riverbed channel iIs shown at 14.

The channel 14 contains an oil sand deposit 16.

[0021] The channel 14 can vary in width (e.g. from 100 m to 2 km) and
can extend in length for many kilometers. The thickness of the stacked
channels 16 can vary greatly. The thickness of the McMurray formation in
northern Alberta, where these stacked channels often occur, varies from 0 m to
approximately 100 m. The formation and oil sand channels can be located near

ground surface, or can be at depths of several hundred meters.

[0022] As shown In Fig. 1, there may be sedimentary layers
18,20,22,24 26 of sand and shale and glacial till located above the channel

sand. These layers are shown only by way of example and may vary.

[0023] Because the layers 18-26 are formed by a deposition process,
they are usually stratified, i.e. they form a set of generally parallel layers. These
layers may be tilted due to geological forces, thus causing the formation
containing the oil sand channels to be buried in some areas and to outcrop the

ground surface In other areas.

[0024] Reference is next made to Fig. 2, which shows schematically a
SAGD production system 30 in common use today for in situ extraction of
bitumen from a clean oil sand deposit 32. As shown, two horizontal wells 34, 36
are drilled in the clean oil sand deposit 32. The horizontal wells are separated
by a small vertical distance 38 and are near the bottom of the clean oil sand
deposit 32. The top horizontal well 34 is used to inject high pressure steam

from a source 40. The steam rises to form a high temperature steam chamber
-5
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42 above the top well 34. Within the steam chamber 42, the heated bitumen
becomes less viscous and flows by gravity to the lower horizontal well 36 where

it is collected, along with the condensed water from the steam.

[0025] The SAGD process is currently becoming the method of choice for
in situ production in the Athabasca oil sands. Another well-known recovery
process is called "Cyclic Steam Stimulation” (CSS). CSS is a process in which

steam is injected and bitumen produced in alternating sequences from the same

well.

[0026] Both the SAGD and the CSS processes require clean oil sand
deposits of sufficient volume. As previously noted, "clean sand" refers to sand
without shale (or at least without any significant quantity of shale). If sufficient
shale is present, it acts as a barrier to the flow of steam and oil and severely
restricts the volume of oil that can be recovered. There must be enough clean
sand to justify the costs of drilling, and of obtaining, installing and operating

bitumen extraction equipment above the oil sand deposit.

[0027] As also previously noted, the minimum size of a clean oil sand
deposit considered to be economically viable is approximately 500 m wide x 500
m long x 30 m deep. Larger deposits would of course also be suitable, and In

fact are preferable and make the method more attractive.

[0028] Until now, the exploration process to delineate buried economically
viable clean oil sand deposits has, as mentioned, required the costly, difficult
and time-consuming process of drilling test wells, along with some seismic
exploration. However the inventors have realized that even though sand and
shale have essentially the same density (2.6 for each, relative to the density of
water, which i1s 1), nevertheless clean sand (with Iittle shale) can be

distinguished from sand with lots of shale by gravity gradient measurements.

[0029] More specifically, it is found that in an oll sand deposit, clean oll

sands have a porosity of approximately 30-35%, with a bitumen saturation of
-6 -
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about 85% and a water saturation of about 15%. Thus the bulk density of
bitumen saturated clean sand is approximately 2.05 to 2.13 (rather than 2.6 for
the sand with significant shale).

[0030] In contrast, shales found with oil sands typically have a porosity of
about 20%, with a water saturation of about 75%, resulting in a bulk density of

approximately 2.28 (rather than 2.6 for the shale alone).

[0031] The difference in density between the bitumen saturated clean oll
sand (2.13) and the bitumen containing shale (2.28) is approximately 0.15.
When this difference in density is multiplied by the minimum volume of the clean
oil sand deposit required for economic viability, (the minimum size being taken
as 500 m x 500 m x 30 m, or 7.5 million m°), the result is a difference in mass of
more than one million tons. Depending on the background noise, this difference
in mass can be detected by a gravity gradient instrument of suitable sensitivity,
particularly since the oil sand deposits tend to be located at relatively shallow
depths (e.g. not deeper than about 500 m), and gravity gradiometers excel at
locating anomalies at shallow depths. (This is because gravitational gradient
falls off with the third power of the distance between the instrument and the
mass in question, while gravitational acceleration falls off only with the second

power of that distance.)

[0032] Reference is next made to Fig. 3, which shows a simplified model
cross-section of a terrain. For greater clarification, terrain refers to an area of

ground and the geology below.

[0033] In Fig. 3, a gravity gradiometer instrument 50 is shown as being
located in an aircraft $2 which flies in a selected pattern 54. In the example
shown in Fig. 3, pattern 54 is a rectangular grid in which measurements are
made every 50 m along the aircraft's path, typically one measurement per
second (depending on the aircraft's speed), while the parallel traverses of the

aircraft 52 (i.e. the grid lines along which it is flying) may typically be 100 m
.7 -
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apart and at an altitude of 100 m. The measurements can be made of various
(one or all) of the gravity gradient components or combinations of them, but for
llustrative purposes used here, calculations are performed from the
measurements to determine the component of the gravitational gradient
corresponding to the gradient in the vertical direction of the vertical component
of the gravitational force vector. This component (which for purposes of brevity
may be referred to in this description and in the claims as the "vertical
component of the gravity gradient") is used for producing plots (since plots thus
produced can be easier to interpret than plots made using other components of
the gravity gradient). While the entire mass below the aircraft contributes to
each measurement, in fact the mass directly below the aircraft contributes most
significantly, and deeper portions of such mass contribute less than shallow
portions, since the instrument response drops off with the third power of the

distance between the instrument and the portion in question of the mass.

[0034] Beneath the aircraft 62 is located a layer $6 of air (density 0 g/cc),
a layer 88 of glacial till (density 2.1 g/cc), a layer 60 of mixed sand and shale
(density 2.6 g/cc), a bitumen-filled clean sand channel 62 (density 2.13 g/cc), a
limestone "basement” 64 (density 2.5 g/cc), and further basement material 66

shown as having a density of 2.7 g/cc.

[0035] The gravity gradient signature of the clean sand channel 62 as
measured by a gravity gradiometer 50 having a sensitivity during flight in the
order of 1 Eotvos (this will be discussed in more detail shortly) and a response
time of 1 second, is shown at 70 in Fig. 4. In Fig. 4 the meandering line 70
represents the clean sand channel 62, having a bulk density of approximately
2.13, while the remainder of the image in Fig. 4 represents the signature of the
various layers, including particularly the sand and shale layer 60 (bulk density
2.6 g/cc), with only a much diminished influence from the bitumen-filled clean

sand channel 62.
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[00306] Fig. 5 shows a plot similar to that of Fig. 4 but taken with a gravity
gradiometer having a sensitivity of approximately 7 Eotvos. It will be seen that
with the higher noise level of the instrument used in Fig. 5, identification of the
clean sand channel 62 is difficult or impossible, since the sand channel

response line is largely obscured by noise.

[0037] Reference is next made to Fig. 6, which shows a model of another
highly simplified terrain example. In Fig. 6, primed reference numerals indicate
parts corresponding to those in the previous figures. In Fig. 6, the clean oil sand
deposits have the form of distinct sand pockets 76 (rather than a continuous
channel of sand). The clean sand pockets 76 each have a length and width of
about 500 m x 500 m. In addition they are assumed to be overlaid on a
imestone basement 64' having topographic relief, as shown at 78 in Fig. 6. The
varying topography of the limestone basement 64 complicates the gravity
gradient plot as shown in Fig. 7, but it will be seen that when the gravity
gradiometer 50 has a sensitivity of 1 Eotvos (or better), the clean sand deposits
or pockets 76 can still be detected, as shown at 70°. This contrasts with Fig. 7,
modeled using a gravity gradiometer having a sensitivity of 7 Eotvos. In Fig. 7

the 7 Eotvos system was not able to identify the clean sand deposits.

[0038] Although the 7 Eotvos system referred to above was not able to
identify clean sand deposits because of its high noise level, the results could be
improved by flying the 7 Eotvos gravity gradiometer 50' very slowly over the
terrain being surveyed (e.g. by placing it in a helicopter) and then repeating the
survey at least once and, if desired, several times. The multiple signal traces
obtained from the multiple slow passes over the terrain can be combined to
reduce the noise level, which will in some cases make it possible to see the
clean sand deposits 76 using even a low sensitivity gravity gradiometer such as
a / Eotvos instrument, or by using an instrument of sensitivity between 1 and 7

Eotvos. However where an instrument having sensitivity of 1 Eotvos or less is

_ 9.
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used, with a one second determination time for measuring and recording
appropriate components or combinations of components of the local gravity
gradient, so that the vertical component can be calculated, and if the instrument
Is flown at a speed of about 50 m per second, then multiple passes are normally

unnecessary.

[0039] A number of groups are developing 1 Eotvos gravity gradiometers
which may be suitable for practicing the methods of the invention. These
companies include Gedex of Ontario, Canada; Arkex of the United Kingdom; the
University of Western Australia, located in western Australia; Gravitec, of
Australia, and others. Less sensitive instruments are currently available from
companies including BHP Billiton of Australia and ArkeX of the United Kingdom.
Both these companies are flying versions of a gravity gradiometer produced by
Lockheed Martin.

[0040] Gravity gradiometers produced by various companies typically
measure various components or combinations of components of the local
gravitational gradient. For example, an instrument being developed by the
applicant measures the following combinations of components of the
gravitational gradient: Gzz - Gxx, or Gzz - Gyy, or Gxx - Gyy. One or more of
these combinations of components are transformed (with some inherent error)

to the vertical component Gzz, which is the easiest to interpret and is therefore

the component of choice for interpretation.

[0041] The sensitivity of a gravity gradiometer can be specified in at least
two somewhat different ways. In one such specification, a 1 Eotvos gravity
gradiometer I1s taken to mean a gravity gradiometer in which the noise in the
Instrument has a root-mean-squared value of 1 Eotvos when filtered by a low-
pass filter with a bandwidth of 1 hertz. A second definition or specification of a 1
Eotvos gravity gradiometer is an instrument in which a signal of 1 Eotvos

produced by the instrument in response to the instrument's exposure to a

- 10 -
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subterranean density anomaly may readily be distinguished from the
background noise (so that the background noise is much less than 1 Eotvos).
Either of these specifications may be used In the present case, so long as the
instrument generates a signal which is sufficiently distinguished from the
background noise so that a subterranean deposit of Interest can be
distinguished from other deposits when the instrument is used In a survey, with

appropriate survey methods.

[0042] It will be noted that sand channels tend to typically form over lows
in the limestone basement 64 (since rivers cut into their beds), so variations In
the limestone basement topography can reinforce rather than reduce the signal
from the clean sand channel (since the contribution to the gravity gradient of the
basement is lower at these greater distances from the instrument 50). In
addition, natural gas may migrate to the upper layers and Is often present above
bitumen-filled sands. This will also contribute to a lower gravity gradient above

the clean sand channel, although the gas may also migrate to and be located In

other areas which will complicate interpretation.

[004 3] If desired, additional information can be used to help in identifying
the clean sand deposits or channels. For example (see Fig. 9), if the surface or
topography 82 of the terrain being explored varies (e.g. rolling hills), as shown at
84 in Fig. 9, then the aircraft 52 can be fitted with a LIDAR or laser altimeter 90
which provides a measurement of the topography 82. The contribution of the
topography can be subtracted from the gravity gradient signal during
processing. (IThe use of LIDAR to measure altitude has been described In a
number of patents, including U.S. patent 6,804,608 B2 issued October 12,
2004.) Similarly, if seismic or other data Is available, it may be used to further
assist In interpretation and identification of gravity gradients associated with

clean oil sand deposits.

- 11 -



10

15

20

25

CA 02636180 2008-06-26

[0044] Although the SAGD extraction process has been referred to in the
preceding description as a preferred method for in situ production in the
Athabasca oil sands, various other production techniques are known and/or are
being developed. One well-known technique, as previously mentioned, is Cyclic
Steam Stimulation (CSS), which involves injecting very high pressure steam and
producing bitumen in alternating sequences from the same well. CSS Is less
sensitive then SAGD to layers of shale in the sand, since the mechanical forces
produced by the high pressure steam can cause gaps to form in the shale
layers. The steam can penetrate through these gaps, and heat the bitumen
which then also flows through the gaps. The steam pressure used in SAGD is
lower than that used in CSS, so that SAGD does not have this capability. In the
SAGD process, a layer of shale as thin as about 1 cm can seriously obstruct the
flow of steam and bitumen and can prevent recovery of the bitumen above such

layer.

[0045] While the interfering material referred to in the prior description
has been described as "shale”, it will be understood that there are different kinds
of shale, depending on the constitution of the particles forming the shale. In
addition, in its early stages (before the water has been compressed out of it), the
shale may be referred to as mudstone or even simply as "mud”. All of these

variations and materials are intended to be included in the meaning of the word

"shale” as used In this application.

[0046] While typical figures for the bulk porosity, bitumen saturation and
water saturation of clean oil sands, and for the porosity and water saturation of
shale have previously been provided in this description, it will be realized that
these figures can vary. However, provided that the mass difference between
the two sets of materials is still sufficient to be detected by the gravity

gradiometer, then the methods of the invention may still be used.

- 12 -
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[0047] SAGD and CSS are production methods which belong to the
general category of "Thermal Methods". Other methods of production available

include "Flame Front Methods", also called "Fire Flood Methods".

[0048] One typical fire flood method is known as "Toe-to-Heel Air
Injection” (THAI). THAI involves injecting oxygen or air from one ventral well at
the toe of a horizontal well, into bitumen-containing sand deposits, then igniting
the resulting oxygen/bitumen mixture to generate heat In situ, resuiting In
heating of the remaining bitumen, facilitating its flow and recovery. THAI and
other flame front or fire flood methods (which are still experimental) may be less
sensitive then the SAGD process to horizontal shale layers, because by
iInjecting oxygen at various depths through a hole in the injection well, THAI may
be able to inject oxygen between the shale layers, so that each bitumen layer

can be separately oxygenated and ignited.

[0049] Another fire flood method available is solvent injection (SOLVEX).
SOLVEX involves augmenting the steam injected in the SAGD and/or CSS
processes, with a solvent that can dissolve bitumen, such as liquid propane or
butane. The resulting solution has a reduced viscosity, aiding in flow of the
bitumen solution to the recovery well, and thus assisting recovery of the
dissolved bitumen. In addition, iIf the solvent vaporizes in part and if the vapors

are ignited, the heat generated will further lower the bitumen viscosity so that

the bitumen can flow to the recovery location.

[0050] As Indicated above, the CSS, THAI and SOLVEX processes are
inherently less sensitive to shale layers between the bitumen bearing sands
then is the SAGD process. Nevertheless the CSS, THAI and SOLVEX
processes still perform better (i.e. they achieve a higher yield of bitumen
extraction) for "clean sand"” deposits then they do for deposits with extensive
shale layering. It is therefore economically advantageous for operators to know

In advance which area of their deposit has the cleanest sand, since extraction

- 13 -
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from areas of cleaner sand (as contrasted with areas having substantial shale
layering) will tend to have a lower cost for a given bitumen yield. It will be
realized that it 1s preferable to achieve higher yields as early as possible in the
extraction process. By using the exploration methods disclosed In this
application, operators may determine which areas of a deposit contain the
cleanest sand. They can then begin the production process by first extracting
bitumen from the cleanest sand using lower cost production methods
appropriate to that type of deposit, while planning to subsequently use other
extraction methods for areas of the deposit with higher shale concentrations. In
that way, the operator can more quickly recover his investment with less
likelihood of leaving "stranded bitumen", i.e. bitumen which is between layers of

shale and cannot be recovered easily or at all.

[0051] It will be realized that while the methods of the invention can
distinguish between sand areas which are relatively free of shale, and areas
which have a relatively substantial amount of shale layering, it is more difficult to
distinguish between sand areas which have only a small difference in the
amount of shale that they contain. The size of the difference In shale content
which can be detected will depend on the sensitivity of the gravity gradiometer

used and on the surveying methods employed.

[0052] Methods as previously described may also be used to map the
steam or other gas chambers which are formed when steam, propane or butane
(when ignited), oxygen, air or other gas is injected into the oil sand from a
configuration of injector wells. (The injector wells are usually located around the
borders of the oil sand deposit from which bitumen is to be extracted, and drive
steam toward the center of the deposit in order to leave as little stranded
bitumen as possible.) When the steam or other gas (which can be the product
of combustion) expands within the oil sand, a volume or chamber is created

having a much lower density than that of the surrounding oil sand. This density

_ 14 -
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difference can be detected by the gravity gradiometer at repeated periodic
intervals, i.e. repeated surveys are conducted at desired intervals. The results
of each survey are mapped, so that the operator can control the extraction
process. In effect, this technique allows the operator to "see" the changing
5 shape and size of the gas-containing chambers as they expand toward each
other, even though these chambers are underground. This allows better control

over the extraction process.

[0053] While preferred embodiments of the invention have been

described, it will be realized that various changes can be made within the scope

10 of the invention.

- 15 -
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CLAIMS:
1. A method of locating, in a selected terrain, a deposit of clean oil sand of a
desired size, said deposit being beneath the surface of said terrain, said method
comprising selecting an instrument for measuring one or more components or
combinations of components of the gravitational gradient, moving said instrument
over said terrain in a selected pattern to measure one or more components or
combinations of components of the gravitational gradient at each of a plurality of
points on said terrain to produce a measurement thereof at each point and
recording the measurements at said points, to produce a gravitational gradient
record, and analyzing said record to determine the presence or absence of said
deposit;

wherein said deposit contains sand of density approximately 2.6 g/cc, and

said terrain contains shale of density approximately 2.6 g/cc.

2. A method according to claim 1 wherein in the step of analyzing, the vertical
component of said gravitational gradient corresponding to the gradient in the
vertical direction of the vertical component of the gravitational force vector Is

determined for each of said points.

3. A method according to claim 1 or 2 wherein said instrument has a

sensitivity of 1 Eotvos or better.

4. A method according to claim 1 or 2 wherein said deposit is a meandering

channel of oil saturated clean sand.

S. A method according to claim 1 wherein said sand has a porosity of
approximately 30-35% with bitumen saturation of approximately 85% and water
saturation of approximately 15%, and having a resultant bulk density of
approximately 2.05 to 2.13, and said shale has a porosity of approximately 20%
with a water saturation of about 75%, having a resultant bulk density of

approximately 2.28.
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6. A method according to clam 5 and including the step of determining the
minimum size for said deposit large enough to economically justify extracting oill

therefrom, and marking such deposits.

7. A method according to claim 6 including the step of using additional

information relating to said terrain to aid in marking said deposit.

8. A method according to claim 7 wherein said additional information includes

the topography of said terrain.

9. A method according to claim 8 wherein said additional information includes
information concerning the topography of a limestone basement or other

sedimentary layers in said terrain.

10. A method according to claim 7 wherein said additional information includes

information concerning deposits of natural gas in said terrain.

11. A method of differentiating, in a selected terrain, a first deposit of clean oll
sand of a desired size from a second deposit of oil sand containing shale layering
therein, said first and second deposits being beneath the surface of said terrain,
sald method comprising selecting an instrument for measuring at least one or
more components or combinations of components of the gravitational gradient,
moving said instrument over said terrain in a selected pattern to measure one or
more components or combinations of components of the gravitational gradient at a
plurality of points on said terrain to produce a measurement thereof at each point,
recording sald measurements at said points to produce a gravitational gradient
record, the sand in said first deposit and the shale in said second deposit being
sufficiently different that the bulk porosity of each differs such that the mass
difference between said first and second deposits is large enough to be detected

by analysis of said measurements, and then analyzing said record to determine

_17 -
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the presence of and to distinguish apart said first and second deposits.

12. A method according to claim 11 wherein in the step of analyzing, the
vertical component of said gravitational gradient corresponding to the gradient in

the vertical direction of the vertical component of the gravitational force vector is

determined for each of said points.
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Cross section of channel sand, A-B
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