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A method for real time on-stream analysis of oll sands composition Is disclosed comprising the steps of detecting a moisture
content of an oll sands stream using a microwave transmission analyzer, and detecting an elemental composition of the oil sands
stream using a prompt gamma neutron activation analyzer for calculating a content of hydrocarbons, clays and sands in the oll
sands stream. The total clay amount in the oill sands stream Is based on the detected gamma spectra of several elemental
components of the oll sands stream, such as sodium, magnesium, potassium, calcium and iron.
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Abstract

A method for real time on-stream analysis of oil sands composition is
disclosed comprising the steps of detecting a moisture content of an oil sands
stream using a microwave transmission analyzer, and detecting an elemental
composition of the oil sands stream using a prompt gamma neutron activation
analyzer for calculating a content of hydrocarbons, clays and sands in the oil
sands stream. The total clay amount in the oil sands stream is based on the
detected gamma spectra of several elemental components of the oil sands

stream, such as sodium, magnesium, potassium, calcium and iron.
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SYSTEM AND METHOD FOR REAL TIME ON-STREAM ANALYSIS OF OIL
SANDS COMPOSITION

Technical Field

[0001] The present invention relates to a system and a method for real time on-
stream analysis of oil sands composition, more specifically to a system and a
method for analyzing in real-time the content of an oil sands stream in regards to

its four main components (water, clays, sands and hydrocarbons).

Background

[0002] Oil sands are mined from the ground and fed to conveyors forming a
stream thét Is processed downstream for extracting bitumen to produce oil. The
stream of oil sands Is composed of four main components. sands (e.g. quariz
sand), water, clay and heavy oil or hydrocarbons (called bitumen). Caiculating
accurately the amounts of each of these components present in the oll sands
stream is important because it can help predict and improve the extraction
recovery of oil sands and control the oil production process. For example, ciay
seams are common and interfere with the conventional extraction methods and it

would useful to measure more accurately the amount of clays in the oil sands

stream extracted from the ground.

[0003] Among the known methods used for analyzing the composition of the
extracted oil sands are near infrared (NIR) and radio spectrometry. Both are used

to assess the concentration of constituents in oil sands where the reflectance
spectra range from 1100 nm to 2500 nm and the specific oil sands components
have specific wavelengths, for example 1400 nm for water, 1720 nm for oil, 2200
nm for kaolinite. Canadian patent application number 2834980 describes, for
example, a method for analyzing a bitumen-containing process stream including
directing a beam of infrared light at the stream, capturing the light corresponding

to the infrared light after its interaction with the bitumen-containing process
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stream, and analyzing the captured light to obtain a spectrum. The composition
estimate can be generated based on the obtained spectrum and a calibrated
model. The disadvantage of the NIR and radio spectrometry methods is that they
do not measure the actual amounts of the elements present in the oil sands, but
rather estimate the amounts of some individual oil sands components such as oll,

water and some clays using their associated wavelengths.

[0004] Another method used in the mining industry is the spectroscopic analysis
of oil sands, which uses the signals containing information about the images of
the ore sample to create a real time ore grade visualization including a composite
overiay image of the ore sample, as described, for example, in United States
patent application number 20140347472. This technology does not measure any

oil sands components, but rather estimates the grade of the oil.

[0005] Furthermore, nuclear magnetic resonance pulse spectrometry can be

used to analyze oil sands composition by initially saturating the magnetization of
the oll sand sample and then subjecting the samples to a sequence of radio-
frequency pulses optimized for the measurement of bitumen and water in the
sample, as described in United States patent number 8547096. The amount of
bitumen and water is determined based on a partial least squares optimization
based chemometric model. This technology can not be used to obtain information

about certain components that might be present in the oil sands, for example the

amounts of different clays.

[0006] The oil content in oil sands can also be measured using an acoustic
technique, by observing the nonlinear dissipation phenomenon that is generatea
by the sound wave spreading in the oil sands. The oil saturation degree of the oll
sands sample can be determined from the relative growth factor G and the

nonlinear dissipation factor Alpha through a backward deduction method as
described for example in the Chinese patent application number 101334380.

However, this method also fails to measure the information related to certain
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components that might be present in the oil sands, for example information

related to the amount of clay material.

[0007] There are also other methods for analyzing materials extracted from an
earth formation. Prompt gamma neutron activation analysis (PGNAA) is one such
method that is generally used to determine metal contents of ores. PGNAA has
also been used to detect a clay parameter indicating, for example, a weight
percentage of clay particles in an oil sand tailings stream, as described for

example in Canadian patent application number 2509029.

[0008] In another method which involves using pulse neutron spectroscopy, the
composition of the hydrocarbon material in the material extracted from an earth
formation can be calculated based on the at least one gamma ray spectrum
detected at the pulse neutron spectroscopy tool which emits a plurality of pulses
of high-energy neutrons into the portion of the hydrocarbon material diverted and

stored into a container, as described in Canadian patent application 2672018.

[0009] The known methods for analyzing the oil sands compaosition, described
above, are only estimating certain components of oil sands or can only be used

for detecting the composition of oil sand samples.

(0010] Therefore, there is still a need for a system and a method for real time, on-

stream analysis of oil sand composition that can measure all the components of
an oil sand stream (water, sand, hydrocarbon and clay) more accurately and in a

continuous manner.

sSummary of the Invention

[0011] The present invention describes a method for real time on-stream analysis

of oil sands composition comprising the steps of:

a. detecting a moisture content of an oil sands stream using a microwave

transmission analyzer, and
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b. detecting an elemental composition of the oll sands stream using a prompt
gamma neutron activation analyzer and calculating a content of

hydrocarbons, clays and sands in the oil sands stream.

10012] The step of detecting the moisture content of the oil sands stream comprises
transmitting a microwave signal from a microwave transceiver through an oil sands
stream to a receiver antenna and comparing the microwave signal transmitted by
the microwave transceivér to a microwave signal received by the receiver antenna.
In preferred embodiments, the step of detecting the moisture content of the oil
sands stream can further comprise weighting the oil sands stream and factoring in
a weight of the oil sands stream when comparing the received microwave signal
to the transmitted microwave signal to calculate the moisture content in the oill

sands stream.

[0013] The step of detecting the elemental composition of the oil sands stream
comprises generating neutrons from a neutron source and detecting a series of
gamma spectra by a gamma detector, each detected gamma spectrum

corresponding to an element present in the oil sands stream.

[0014] For example, for obtaining the total hydrocarbon amount in the oil sands
stream, the method comprises detecting a sulphur content in the oll sands stream
as indicated by a sulphur gamma spectrum detected by the gamma detector ana
calculating a total hydrocarbon amount in the oil sands stream based on the

detected sulphur content.

[0015] The present method also comprises detecting a total clay amount in the oll
sands stream based on the detected gamma spectra of several elemental

components of the oil sands stream.

[0016] Generally, the total clay amount in the oil sands stream (s the sum of the
total amount of illite, the total amount of vermiculite, the total amount of chlorite,

the total amount of montmorillonite and the total amount of kaolinite.
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[0017] For obtaining the total amount of illite in the oil sands stream, the method
comprises detecting the potassium content in the oil sands stream as indicated by
a potassium gamma spectrum detected by the gamma detector and calculating
the total amount of illite in the oil sands stream based on the detected potassium

content.

[0018] Furthermore, for obtaining the total amount of vermiculite in the oil sands
stream, the method comprises detecting the total iron content in the oll sands
stream and calcul'ating the total amount of vermiculite in the oil sands stream by
subtracting the amount of iron found in the total amount of illite from the total iron

content in the oil sands stream.

[0019] For obtaining the total amount of chiorite in the oil sands stream, the method
comprises detecting the total magnesium content in the oil sands stream and
calculating the total amount of chlorite in the oil sands stream by subtracting the
amount of magnesium found in the total amount of illite and in the total amount of

vermiculite from the total magnesium content in the oil sands stream.

[0020] For obtaining the total amount of montmorilionite in the oil sands stream,
the method further comprises detecting the total sodium content in the oil sands
stream and calculating the total amount of montmorillonite in the oil sands stream
by subtracting the.amount of sodium found in the total amount of chlorite from the

total sodium content in the oill sands stream.

[0021] In other embodiments, the total amount of montmorillonite is obtained by
detecting the calcium content in the oil sands stream as indicated by a calcium
gamma spectrum detected by the gamma detector and calculating the total amount

of montmorillonite in the oil sands stream based on the detected calcium content.

[0022] For obtaining the total amount of kaolinite in the oil sands stream, the
method further comprises detecting the total aluminum content in the oll sands
stream and calculating the total amount of kaolinite in the oil sands stream by

subtracting the amount of aluminum found in the total amounts of illite,
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montmorillonite, chlorite and vermiculite from the total aluminum content in the ol

sands stream.

[0023]In some embodiments, the total amount of hydrocarbon is obtained by
detecting the total hydrogen content in the oil sands stream as indicated by a
hydrogen gamma spectrum detected by the gamma detector and calculating the
tfotal hydrocarbon amount in the oil sands stream by subtracting the amount of
hydrogen found in.water and the amount of hydrogen found in the total clay amount

from the total hydrogen content in the oil sands stream.

[0024] For obtaining the total amount of sand in the oil sands stream the method
comprises detecting the total silicon content in the oil sands stream as indicated
by the silicon gamma spectrum detected by the gamma detector and calculating
the total amount of sand by subtracting the amount of silicon found in the total clay

amount from the total silicon content in the oil sands stream.

[0025] A system for real time on-stream analysis of oil sands composition is also
disclosed, the system comprising a conveyor belt on which an oil sands stream is
fed, a microwave transmission analyzer for detecting the moisture content in the
oll sands stream and a prompt gamma neutron activation analyzer for detecting an
elemental composition of the oil sands stream, wherein the microwave
transmission analyzer and -the prompt gamma neutron activation analyzer are

connected in series.

[0026]In some embodiments, the microwave transmission analyzer Is located
downstream of the prompt gamma neutron activation analyzer relative to the all

sands stream flow.

[0027] In other embodiments, the microwave transmission analyzer is located
upstream of the prompt gamma neutron activation analyzer relative to the oil sands

stream flow.

[0028] The microwave transmission analyzer comprises a microwave transceiver

and a receiver antenna.
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[0029] The prompt gamma neutron activation analyzer comprises a neutron source

and a gamma detector.

[0030] A method is also disclosed for controlling the oil sands extraction process
wherein the moisture content and the elemental composition of the oil sands
stream detected according to the method described here is used for tonnage, water

and middlings flowrate optimization and for controlling slurry temperature.

Brief Description of the Drawings

[0031] The drawing illustrates a specific preferred embodiment of the invention,
but should not be considered as restricting the spirit or scope of the invention In

any way.

[0032] Figure 1 shows a schematic view of a system for real time on-stream
analysis of oil sands composition according to a preferred embodiment of the

invention.

Detailed Description

[0033] Certain terminology is used in the present description and is intended to
be interpreted according to the definitions provided below. In addition, terms such

as “a” and “comprises” are to be taken as open-ended.

[0034] Figure 1 shows a schematic view of a system 1 for real time on-stream
analysis of oil sands composition according to a preferred embodiment of the
present invention. System 1 comprises a conveyor belt 2 which carries a stream
of oil sands 3 mined from the ground, in a direction A, from the extraction site 10 a

processing site (not illustrated).

[0035] The oil sands are composed of four main components: sand, water, clay
and hydrocarbons. The sand can be quartz sand and the hydrocarbons are

generally composed of heavy oll called bitumen.
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[0036] As further illustrated in Figure 1, the present system comprises a
microwave transmission analyzer 4 and a prompt gamma neutron activation
(PGNA) analyzer 5, which are connected in series along the conveyor beit, the
microwave transmission analyzer 4 followed by the PGNA analyzer 5. In other
embodiments, the microwave transmission analyzer 4 can be placed on the other
side of the PGNA analyzer 5, more specifically downstream of the PGNA

analyzer with respect to the moving direction A of the conveyor belt 2.

[0037] The microwave transmission analyzer 4 comprises a microwave
transceiver 6 which emits a signal, a low frequency beam 7 which is transmitted
through the oil sands stream carried on the conveyor belt to a receiver antenna 8
which receives a signal 9 and compares it to the transmitted signal 7 to detect the
change in phase and amplitude. The digital measurements of the microwave
transmission analyzer 4 in regards to the change in phase and amplitude of the
transmitted signal 7 as it passes through the oil sands stream allow a real-time,
accurate measurement of the moisture in the oil sands stream passing through

the microwave transmission analyzer.

[0038] The PGNA analyzer 5 comprises a neutron source 10 which generates
neutrons 11 which are absorbed by the elemental nuclei in the oil sand stream
carried on the conveyor belt and each of the excited elemental nuclei releases a
gamma ray having an energy level related to the respective element. The PGNA
analyzer further comprises a gamma detector 12 positioned above the conveyor
belt 2 which records the received gamma rays 13 and displays the
measurements over time as a series of spectra where the different peaks

represent the different elements present in the oil sands stream carried on the
conveyor belt and. passing through the PGNA analyzer. In this process, the
PGNA analyzer utilizes an appropriate radioisotope (e.g. Californium —252) to

conduct the thermal neutron capture and gamma ray production.

[0039] The system further comprises a computation unit 14 which communicates

with the microwave transmission analyzer 4 and the PGNA analyzer 5 for
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analyzing the oil sands composition of the oil sand stream 3 according to the

method of the present invention.

[0040] The method for real time, analysis of oil sands composition comprises
calculating the amounts of the main components (water, clays, hydrocarbons,
and sands) in the oil sand stream carried by the conveyor belt 2, using the

readings from the.microwave transmission analyzer 4 and the PGNA analyzer 5.

[0041] The method comprises the steps of detecting the moisture content of the
oil sands stream using the microwave transmission analyzer and detecting the
elemental composition of the oil sands stream using the PGNA analyzer for

calculating the content of hydrocarbons, clays and sands in the oil sand stream.

[0042] The step of detecting the amount of water in the oil sands stream is
determined using the microwave transmission analyzer 4. The digital
measurements of the microwave transmission analyzer 4 in regards to the
change in phase and amplitude of the transmitted signal 7, as it passes through
the oil sands stream, allow a real-time, accurate measurement of the moisture in
the oil sands stream by the computation unit 14. The change in phase and
amplitude of the transmitted signal 7 is influenced by the amount of material
measured and therefore the weight of the material on the conveyor belt, passing
through the microwave transmission analyzer, is also measured and factored in

the measurement of the moisture in the oil sands stream.

[0043] The step of detecting the elemental composition of the oil sands stream
using the PGNA analyzer comprises generating neutrons from a neutron source
and detecting a series of gamma spectra by the PGNA analyzer, each gamma
spectrum correspbnding to an element present in the oll sands stream. The
amount of clays in the oil sands stream is then calculated based on the elemental
composition indicated by the series of spectra displayed by the PGNA analyzer
which represent the different elements in the material on the conveyor passing

through the analyzer. A variety of clays are present in the oil sands and each

type of clay is determined by the method described here. Some common clays
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found in oil sands include illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4010[(OH)2,(H20)],
kaolinite Al2Si205(0OH)4, and montmorillonite Nao.2Caoe.1Al2Si4010(OH)2(H20)10.
Some less common clays include chlorite Nao.sAlsMg2SizAIO18(OH)12 « 5(H20)

and vermiculite Mg1.sFe?*0.9Al4.3Si010(OH)2 - 4(H20).

[0044] The amount of illite in the oll sands is calculated based on the potassium
content indicated by the potassium gamma spectrum detected by the PGNA

analyzer.

[0045] The amount of vermiculite in the oil sands stream is based on the total iron
content in the oil sands stream as detected by the PGNA analyzer and is
calculated by subtracting the amount of iron found in the calculated amount of
llite from the total iron content in the oil sands stream, since illite and vermiculite

are the only clay minerals that contain iron.

[0046] The amount of chlorite in the oil sands stream is based on the total
magnesium content in the oil sands stream as detected by the PGNA analyzer
and is calculated by subtracting the sum of the amounts of magnesiUm found in
the calculated amounts of illite and vermiculite from the total magnesium content
In the oll sands stream detected by the PGNA analyzer, since illite, vermiculite

and chlorite are the only clay minerals that contain magnesium.

[0047] The amount of montmorillonite in the oil sands stream is based on the total
sodium content in the oil sand stream as detected by the PGNA analyzer and is
calculated by subtracting the amount of sodium found in the calculated amount of
chlorite from the total sodium content in the oil sands stream detected by the
PGNA analyzer, since montmorillonite and chlorite are the only clay minerals that

contain sodium.

[0048] Alternatively, in other embodiments, the amount of montmorillonite in the
oll sands stream can be based on the total calcium content in the oil sand stream
as detected by the PGNA analyzer, since montmorillonite is the only oil sands

clay with calcium in its mineral composition.
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[0049] The amount of kaolinite in the oil sands stream is based on the total

aluminum content in the oil sand stream as detected by the PGNA analyzer and
Is calculated by subtracting the amount of aluminum found in the calculated
amounts of illite, montmorilionite, chiorite and vermiculite from the total aluminum

content in the oil sands stream detected by the PGNA analyzer.

[00501 The total amount of clays in the oil sands stream is then determined by
adding the amounts of illite, vermiculite, chlorite, montmorillonite and kaolinite,

calculated in the previous steps.

[0051] Table 1 below shows the breakdown of the composition of common clays

found in oil sands.

Table 1.
Molecular .
| Weiaht Al S| H Mg | Fe K | Ca | Na
& % % % | % % | % | % | %
[g/mol)
lllite 389.34 Q01 | 2525 (135|187 | 143 | 6.03 - -
Kaolinite 258.16 | 2090|2176 | 1656 | - - - - -
Montmorilionite | 40 97 | 983 | 2046 | 4.04 | - i . 1073|084
(Smectite)
Chlorite . 973.76 | 13.85| 20.19 | 2.28 | 4.99 _ - 1 1.18

Vermiculite | 504.19 [23.01| 551 [2.00] 8.86 | 9.97 | - - i

[0052] The amount of hydrocarbons in the oil sand stream is calculated based on

the sulphur content detected in the oil sands stream by the PGNA analyzer.

[0053] Alternatively, in other embodiments, the amount of hydrocarbons in the ol
sand stream can be based on the total hydrogen content detected by the PGNA
analyzer and is calculated by subtracting the amount of hydrogen found in water,

and in the clays from the total hydrogen content in the oil sands stream detected
by the PGNA analyzer.

[0054] Further, the amount of sand in the oil sands stream is calculated based on

the silicon content detected in the oil sands stream by the PGNA analyzer and is
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calculated by subtracting the amount of silicon found in the total clay amount
from the total silicon content detected in the oil sands stream by the PGNA

analyzer.

[0055] A person skilled in the art would easily understand that the amounts of the
different elements in the oil sands stream can be calculated differently depending
on the presence of different clay minerals in the oil sands stream and that the
steps of the method described above vary depending on the oil sands stream
composition. For example, If it i1s known that the oil sand stream does not contain
chlorite, the step of determining the amount of chlorite from the present method

will be skipped.

[0056] A method is also disclosed for controlling the oil sands extraction process
wherein the moisture content and the elemental composition of the oil sands
stream detected according to the method of claim 1 Is used for tonnage, water

and middlings flowrate optimization and for controlling slurry temperature.

[0057] The advantages of the present invention are that the method of the
present invention comprising the PGNA and microwave transmission technology
can accurately measure the main components of an oil sand stream, in a
continuous manner where the oil sand stream is carried by a moving conveyor
belt. The PGNA analyzer measures all the atomic elements present in the oll

sands and the computation unit calculates the total amount of each component of

the oil sands stream.

[0058] While particular elements, embodiments and applications of the present
invention have beén shown and described, it will be understood, of course, that
the invention is not limited thereto since modifications may be made by those
skilled in the art without departing from the spirit and scope of the present
disclosure, particularly in light of the foregoing teachings. Such modifications are

to be considered within the purview and scope of the claims appended hereto.
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What is claimed is:
1. A method for real time on-stream analysis of oil sands composition

comprising the steps of:

a. detecting a moisture content of an oil sands stream using a

microwave transmission analyzer, and

b. detecting an elemental composition of the oil sands stream using a
prompt gamma neutron activation analyzer and calculating a

content of hydrocarbons, clays and sands in the oil sands stream.

2. The method of claim 1, wherein the step of detecting the moisture
content of the oil sands stream comprises transmitting a microwave
signal from a microwave transceiver through an oil sands stream to a
receiver antenna and comparing the microwave signal transmitted by
the microwave transceiver {o a microwave signal received by the

recelver antenna.

3. The method of claim 2, wherein the step of detecting the moisture
content of the oil sands stream comprises weighting the oil sands
stream and factoring in a weight of the oil sands stream when
comparing the received microwave signal to the transmitted microwave

signal.

4. The method of claim 1, wherein the step of detecting the elemental
composition of the oil sands stream comprises generating neutrons
from a neutron source and detecting a series of gamma spectra by a
gamma detector, each detected gamma spectrum corresponding to an

element present in the oil sands stream.

d. The method of claim 4, comprising detecting a sulphur content in the

oil sands stream as indicated by a sulphur gamma spectrum detected
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by the gamma detector and calculating a total hydrocarbon amount in

the oll sands stream based on the detected sulphur content.

The method of claim 4, comprising detecting a total clay amount in the
oil sands stream based on the detected gamma spectra of several

elemental components of the oil sands stream.

The method of claim 6, wherein the total clay amount in the oil sands
stream i1s the sum of a total amount of illite, a total amount of
vermiculite, a total amount of chiorite, a total amount of montmorillonite

and a total amount of kaolinite.

The method of claim 7, comprising detecting a potassium content in
the oll sands stream as indicated by a potassium gamma spectrum
detected by the gamma detector and calculating the total amount of

lite In the oil sands stream based on the detected potassium content.

The method of claim 8, further comprising detecting a total iron content
in the oil sands stream and calculating the total amount of vermiculite
In the oil sands stream by subtracting an amount of iron found in the

total amount of illite from the total iron content in the oil sands stream.

The method of claims 8 and 9, further comprising detecting a total

magnesium content in the oil sands stream and calculating the total
amount of chlorite in the oil sands stream by subtracting an amount of
magnesium found in the total amount of illite and in the total amount of

vermiculite from the total magnesium content in the oil sands stream.

The method of claim 10, further comprising detecting a total sodium
content in the oil sands stream and calculating the total amount of
montmorillonite in the oll sands stream by subtracting an amount of
sodium found In the total amount of chlorite from the total sodium

content'in the oll sands stream.
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The method of claims 8, 9, 10 and 11, further comprising detecting a
total aluminum content in the oil sands stream and calculating the total
amount of kaolinite in the oil sands stream by subtracting an amount of
aluminum found in the total amounts of illite, montmorillonite, chiorite
and vermiculite from the total aluminum content in the oil sands

stream.

The method of claim 7, comprising detecting a calcium content in the
oll sands stream as indicated by a calcium gamma spectrum detected
by the gamma detector and calculating the total amount of
montmorillonite in the oil sands stream based on the detected calcium

content.

The method of claim 7, further comprising detecting a total hydrogen
content in the oil sands stream as indicated by a hydrogen gamma
spectrum detected by the gamma detector and calculating a total
hydrocarbon amount in the oil sands stream by subtracting an amount
of hydrogen found in water and an amount of hydrogen found in the
total clay amount from the total hydrogen content in the oll sands

stream.

The method of claim 7, further comprising detecting a total silicon
content in the oil sands stream as indicated by a silicon gamma
spectrum detected by the gamrﬁa detector and calculating a total
amount of sand by subtracting an amount of silicon found in the total

clay amount from the total silicon content in the oil sands stream.

The method of claim 6, comprising the steps of:

a. detecting a potassium content in the oil sands stream as indicated
by a potassium gamma spectrum detected by the gamma detector
and calculating the total amount of illite in the oil sands stream

based on the detected potassium content;
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. detecting a total iron content In the oll sands stream and calculating

the total amount of vermiculite in the oil sands stream by
subtracting an amount of iron found in the total amount of illite from

the total iron content in the oil sands stream:

. detecting a total magnesium content’in the oil sands stream and
calculating the total amount of chlorite in the oil sands stream by
subtracting an amount of magnesium found in the total amount of
llite ana in the total amount of vermicuiite from the total magnesium

content in the oil sands stream:

. detecting a total sodium content in the oil sands stream and
calculating the total amount of montmorillonite in the oll sands
stream by subtracting an amount of sodium found in the total
amount of chlorite from the total sodium content in the oil sands

stream, or

detecting a total calcium content in the oil sands stream and
calculating the total amount of montmorillonite in the oil sands

stream based on the detected total calcium content:

. detecting a total aluminum content in the oll sands stream and
calculating the total amount of kaolinite in the oil sands stream by
subtracting an amount of aluminum found in the total amounts of
illite,' montmorillonite, chlorite and vermiculite from the total

aluminum content in the oil sands stream; and

detecting a total hydrogen content in the oll sands stream as
indicated by a hydrogen gamma spectrum detected by the gamma
detector and calculating a total hydrocarbon amount in the oil sands
stream by subtracting an amount of hydrogen found in water and an
amount of hydrogen found in the total clay amount from the total

hydrogen content in the oil sands stream, or
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detecting a sulphur content in the oil sands stream as indicated by
a sulphur gamma spectrum detected by the gamma detector and
calculating a total hydrocarbon amount in the oil sands stream

based on the detected sulphur content; and

g. detecting a total silicon content in the oil sands stream as indicated
by a silicon gamma spectrum detected by the gamma detector and
calculating a total amount of sand by subtracting an amount of
silicon found in the total clay amount from the total silicon content in

the oll sands stream.

A system for real time on-stream analysis of oil sands composition
comprising a conveyor belt on which an oil sands stream is fed and a
microwave transmission analyzer for detecting the moisture content in
the oll sands stream and a prompt gamma neutron activation analyzer
for detecting an elemental composition of the oil sands stream, wherein
the microwave transmission analyzer and the prompt gamma neutron

activation analyzer are connected in series.

The system of claim 17, wherein the microwave transmission analyzer
IS located downstream of the prompt gamma neutron activation

analyzer relative to the oil sands stream flow.

The system of claim 17, wherein the microwave transmission analyzer
IS located upstream of the prompt gamma neutron activation analyzer

relative to the oil sands stream flow.

The system of 16, 17 or 18, wherein the microwave transmission

analyzer comprises a microwave transceiver and a receiver antenna.

The system of claims 15, 16 or 17, wherein the prompt gamma neutron

activation analyzer comprises a neutron source and a gamma detector.
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A method for controlling the oll sands extraction process wherein the
moisture content and the elemental composition of the oil sands
stream detected according to the method of cilaim 1 is used for
tonnage, water and middlings flowrate optimization and for controlling

slurry temperature.
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