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Water treatment process for heavy oil recovery

(57) The invention relates to an efficient water distillation process and apparatus used in thermal recovery of
heavy oil which minimizes fouling and scaling in said equipment. In one embodiment of the invention steam
generator 125 feed water is collected in tank 110. Conditioned water from tank 110 is pumped by feed pumps
115 to steam generator 125. Steam separator 130 may be provided to separate saturated steam 135 from liquid
phase 140. Waste energy stream is delivered to water distillation unit 180. High pressure steam 135 is injected
into reservoir 145 through bore 150.Production fluids are transferred from the surface to oil recovery facility
165. Heavy oil is removed. Produced water 175 is treated in unit 180 which recovers 80-100% of water 175 as
pure distilled water 100.

Also disclosed are variations on the above process.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

This print takes account of replacement documents submitted after the date of filing to enable the application to comply
with the formal requirements of the Patents Rules 1995
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WATER TREATMENT PROCESS
FOR THERMAL HEAVY OIL RECOVERY

The present invention is directed to a highly efficient
water distillation process and an apparatus thereof and
more particularly, the present invention is directed to a
highly efficient water distillation process used in the
thermal recovery of heavy o©il which minimizes fouling and
scaling of operating equipment over 1long periods of

operation.

Throughout the many regions in the world, heavy oil, a
hydrocarbon material having much higher viscosity or lower
API gravity (less than 20°API, typically 7° to 12° API)
than convenﬁional petroleum crude, is more difficult to
recover and reguires enhanced thermal stimulation
techniques of the subsurface reservoir to produce. More
particularly, in areas of Western Canada heavy oil
producers use a technique of injecting high pressure steam
into the reservoir at typical pressures of about 1,500 to
3,000 psig, and in some cases as low as 150 psig. The
steam heat energy is generated by an apparatus known as a
steam generator to a 60 to 80% steam quality and injected
into vertical or horizontal well arrangements to reduce
the heavy o0il viscosity. The flowable heavy o0il is
collected in adjacent producing wells and a combination of
heavy o0il, oil/water emulsion, condensed steam and
formation brackish water (known as produced water) is
produced to the surface. Using surface facilities, heavy

0il is separated from the production fluids and recovered

for commercial sale. The produced water, typically

3 May, 2001
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recovered at water/oil ratios of 2 to 5, is currently
disposed of in subsurface disposal wells. Makeup water
from an authorized ground water source is used to makeup
the steam generator feed water demand. Typically the
makeup water receives minimum treatment to reduce hardness
and silica compounds to avoid scaling of the steam
generator heat exchange surfaces and prevent a safety
hazard. In some facilities, the concentrated brine water
from the steam generator discharge is separated from the
reservoir injection steam and disposed of in suitable deep
disposal wells. This concentrated brine water can also be
referred to as high pressure blowdown. This prevents
excess and unnecessary hot water from being injected into
the reservoir during the steam stimulation operation.
Typical current heavy o0il recovery practices using the
steam injection technique are referred to as Cyclic Steam
Stimulation (CCS or Huff n= Puff) and Steam Assisted
Gravity Drained (SAGD) methods.

Public and regulatory pressures require that heavy oil
producers implement water recovery and reuse practices and
in some facilities a zero effluent discharge is required.
This means that 100% of the water used be recovered and
reused and the elimination of offsite disposal of effluent
streams. The produced water, recovered from the oil
separation facility and the HP (high pressure) steam
separators, contains hardness components, dissolved and
suspended silica and colloidal compounds (clay) and
dissolved solids such as sodium chloride. If this brackish
water is recycled without treatment, the operation of the

steam generators is at risk due to fouling and scaling.

3 May, 2001
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A further problem encountered with the current heavy oil
recovery practices using steam injection, is that as the
operating temperatures of producing reservoirs are
increased from 230 °F to greater than 400 °F to enhance
the heavy oil recovery, the temperature of the recovered
production fluids (ocil and water) increase. To facilitate
the common practice of atmospheric o©il and water
separation, significant quantities of steam is created
when the fluid pressure is reduced. This steam is
typically condensed by an external means, such as an air
cooler to recover the condensed water. The heat energy of
the condensing steam is discharged to the atmosphere and

wasted.

Until the advent of the present invention combining the
recovery of waste heat energy with a highly efficient and
non-scaling water distillation process, the recycle of
heavy oil produced water and concentrated brine disposal

streams has been technically and commercially restricted.

Generally speaking, water distillation is a highly
effective method of vaporizing a pure water distillate and
recovering a concentrated liquid or solid containing a
large quantity of non-volatile components. This process
method can be an effective means to recover clean pure
water from contaminated sources. However, water
distillation processes typically have several problems not
the least of which can be fouling or scaling of the
apparatus with minerals or other components from the fluid

being distilled. Common scaling compounds consist of

3 May, 2001
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calcium, magnesium and silicon. Fouling, or to a greater
extent, scaling of the heat transfer surfaces have a
detrimental effect on the capacity of the heat transfer
components, causing conventional distillation processes to

become inoperable.

In the prior art, Tsuruta, in United States Patent No.
4,566,947, issued January 28, 1986, taught a general
distillation process, but did not recognize the key
factors necessary for the prevention of fouling or the
applicability of the process for treating produced water
from heavy oil recovery. The most important passage in the
Tsuruta reference is at column 7, beginning at line 55,

with respect to Figure 4, which states:

The method which employs a vapor compressor 307
in this manner is advantageous in a case where
the feed liquid gives rise to precipitation of
solid upon condensation of its volatile
component or clogging with pitch-like material
which would <cause dangerous accidents or
troublesome maintenance and service of the
compressor. With the above-described
arrangement, only the vapor from the evaporator
passes the compressor 307, thus preventing the
occurrence of such troubles. The interiors of
the 1line 350 and the reboiler 352 can be
maintained in a clean state by the use of a
suitable washing means. The foregoing method is
advantageous especially when the bottom liquid

is water, since it 1is possible to replenish

3 May, 2001
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5

through the line 353 cheap process water which
does not require recovery. When the water which
is collected at the tower bottom of 306 does not
contain substances which foul the inside of the
compressor 307, it may be fed to the evaporator
through the line 353 to keep the liquid level in
the evaporator constant. (Emphasis Added)

Figure 4 of Tsuruta has been reproduced hereinbelow as
well as an additional figure, (Revised Fig. 4), which
substantially corresponds to Figure 4 of Tsuruta, which

incorporates Applicants' apparatus to effect its method.

As is evident from a review of Figure 4 from. the Tsuruta
reference and Applicants apparatus as overlayed onto the
schematic illustration of  Tsuruta, if the forced
circulation reboiler circuit is added to U.S. >947 and a
specific vapor ratio defined, the bottom liquid water can
contain fouling substances and operate without fouling or

scaling the heated surfaces.
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In the Figure 4 illustration of Tsuruta, lines 340 and
353 are not connected. There is no connection from
bottom 306 to line 353. Section 306 in the tower is
defined as the tower bottom containing bottom 1liquid
with a predetermined ammonia concentration. Tsuruta
highlights the fact that the method is advantageous
especially when the bottom liquid is water. It is
submitted that these figures do not suggest or define

the nature of circulation of the tower bottoms.

- Evidence of the lack of applicability of Tsuruta is

further seen with respect to Figure 1 of the patent.

5
DISTILLING )’E
§ ——
=T
4 -
347 38
9 -
FEED s~
LIQuID .
345
20
L~30  LIGHT
R

In the disclosure, streams 34 and 35 are only generally
mentioned in column 3, lines 19 through 23. It is stated
that the bottom liquid in the tower 1 is sent to the
reboiler through line 34 and the heated bottoms liquid
through line 35. Further still, line 20 indicates that the
bottoms liquid is heated by receipt of the heat of

3 May, 2001
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condensation of the compressed vapor. After an extensive
review of the disclosure, there does not appear to be any

mention of a vapor or vapor liquid ratio.

Tsuruta clearly states, in the passage noted above and to
which emphasis has been added, that as long as the water
which is collected in the bottom of the tower does not
contain substances which foul, the water may be fed to the
evaporator. The instant application is unconcerned as to
the nature of the feed stream for fouling the evaporator.
The water contaminated with contaminants can be fed
directly to the evaporator without any fear or fouling or
other damage to the heat exchanger. in effect, this is an
exact opposite to what Tsuruta teaches. By consideration
of the circuit loop in Figure 4 of Tsuruta, all of the
heated surfaces related to the Dbottoms 1liquid in the
apparatus never come in contact with anything other than
water substantially free of fouling contaminants, which
water is used as the primary medium for stripping ammonia
out of a mixture of ammonia and water. There is a teaching
in Tsuruta in column 3, at line 19, where it is stated

. the bottom liquid in the tower 1 is sent to the reboiler
8 through a line 34, where it is heated by receipt of the
heat of condensation of the compressd [sic] vapor from the
compressor 7, the heated bottom liguid being circulated to

the tower bottom 6 through a line 35.

If one combines the teachings from column 7, outlined
above together with those in column 3, the only result is
that the apparatus will foul. Tsuruta, by the combination

of these teachings presents information which can only

3 May, 2001
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lead to the apparatus fouling. By contrast, the
technologies herein effectively provides for a system
which can take a contaminant loaded feed stream containing
water and deliver this to the apparatus without any fear

of fouling the exchanger surface.

This is possible in view of the recognition of nucleate
boiling and the importance of this physical phenomenon in
maintaining a wetted surface in a circuit containing a
heat exchanger. As is known, the nucleate boiling regime
for a pool of water at atmospheric pressure is a fairly
specific area where individual bubbles form. This has been
established in the references Principles of Heat Transfer,
Third Edition, Frank Kreith; and, and Heat Transfer,
Seventh Edition, J.P. Holman.

From the reference Principles of Heat Transfer, page 498
provides a discussion concerning stable film and nucleate
boiling. In this passage, Figure 10-2 is referenced as
illustrating nucleate boiling. It 1is evident that
individual bubbles are formed on the wire illustrated in
the figure. This phenomenon is also illustrated in Figure
9-5 on page 520 of the second reference, Heat Transfer. In
this reference, the author actually acknowledges on page
519, that there is considerable controversy concerning the
mechanism of nucleate boiling. It has been recognized in
the instant case the importance of maintaining nucleate
boiling. This concept is important to retain a wetted
surface on the heat exchanger and this is what facilitates
a feed stream containing any fouling contaminants £rom

coming into contact with the heat exchange surface without

3 May, 2001
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any risk of fouling. At vapor fractions of greater than

50%, the heat exchanger will effectively become clogged.

The technology set forth herein provides for treatment of
a feed stream containing fouling contaminants. The fouling
contaminants in the feed stream can come in direct contact
with the heat exchanger surface without any fouling. This
latter feature is not ©possible by Tsuruta=s own
admissions. This passage has been set forth above. It is
the recognition of the aforementioned principles involved
that allows this method to achieve desirable results.

Tsuruta is simply not applicable to this invention.

Another common problem with typical water distillation
processes is that of the high energy input requirements.
Without a source of waste heat energy and a means toO
effectively recover this input energy, the energy required
is equivalent to the latent heat of vaporization of water
at a given pressure/temperature. Water distillation, under
this condition is not commercially viable for water
remediation applications. Heavy o0il producing facilities
commonly consist of high energy related fluid streams

suitable as sources for waste heat energy recovery.

geveral variables must be considered to overcome the
problems with conventional distillation methods. The
following three eguations describe the basic heat transfer

relationships within a water distillation system:

Q (total) = U * A * ILMTD (1)

3 May, 2001
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10

Q (sensible heat) = m *CP * (Tl - T2) (2)
Q (latent heat) = m * L (3)
where

Q = quantity of heat transferred (BTU hr?!)

4] = overall heat transfer coefficient or ability
of system to transfer heat
(BTU hr™' £t72 °F™?)

A = heat transfer surface area (ft?)

LMITD = log mean temperature difference or the
thermal drive of the system (°F)

m = mass flow of fluid in liquid or vapor state
(1b hr?)

Cp = fluid specific heat (BTU hr™! °F?)

T1,T2 = temperature of fluid entering or exiting
system (°F)

L = latent heat of vaporization or condensation

(BTU 1b™1)

In order to have an efficient distillation system, the
quantity of heat exchanged and recovered, Q, expressed by
the above stated equations, must be maximized, while at
the same time obeying the practical 1limits for the
remaining variables and preventing scaling and fouling.
For a given fluid and fluid dynamics within a given heat
exchange apparatus, the variables, U, Cp and L are
relatively non-variable. Therefore, careful consideration
must be given to the variables A, Q/A, LMTD, m, and Tl &
T2 to overcome the problems associated with distillation

of contaminated water.

3 May, 2001
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To fully overcome the problems related to distilling
contaminated water from a heavy oil thermal recovery
facility and eliminate scaling, other essential factors

must be considered beyond the basic equations stated

above:
$ transforming effective sources of waste heat
energy;
S the rate by which the heat is transferred

within the distillation system, known as heat
flux or QA™' (Btu hr™* ft™?)

s " the level of contaminates in the concentrate;
$ the final boiling point of the concentrate
relative to the saturation temperature of the
vapor stream;

$ the degree of supersaturation and level of
precipitation of the concentrate; and

S level of vaporization of the evaporating stream.

Until the advent of the present invention, effectively
recovering waste heat energy from a heavy oil facility and
maximizing the quantity of heat transferred and recovered
with a water distillation process, without the tendency of
fouling or scaling, could not be realized over a long term

continuous period.

A process has been developed which 1is both energy
efficient and eliminates the problems of scaling
previously encountered in the distillation of contaminated
water, contaminated with organics, inorganics, metals,

inter alia.

3 May, 2001
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The invention further advances the concepts established in
the initial application. Former concepts linked two
distinct concepts, consisting of distillation or multiple
effect water distillation using vapour recompression and
waste heat recovery in combination with a unique heat
recovery circuit. It has been found by further combining
the recovery of a low grade heat energy source from a
heavy oil thermal recovery unit together with a uniquely
configured forced convection heat recovery and transfer
circuit, that very desirable results can be obtained in
terms of maximizing Theat transfer, eliminating or
minimizing compression power requirements and maintaining
the desired forced convection circuit non-conductive to
scaling exchangers, which is typically encountered by

practicing standard distillation methods.

It has now been found that the use of the waste steam
energy from the heavy o0il recovery unit can be recovered
in the heat transfer circuit and this source of low grade
energy, most commonly discharged as excess energy or
unrecoverable energy, is employed to reduce or eliminate
the quantity of requisite compression to treat waste water
and significantly reduce the commercial benefits of the

process.

By this methodology, a source of waste energy is available
in the HP blowdown liquid from the HP steam separator,
which is flashed to low pressure to form low grade steam
and hot brine water at about 10 to 15 psig. The LP (low
pressure) steam is used in the heated separator as the

thermal source to evaporate off distilled water, which

3 May, 2001
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further condenses to high quality boiler feed water. The
hot concentrated blowdown is used to preheat the inlet
produced water feed stream prior to entering the heated

seqpaJ:ai:ozr.

Further, a significant source of waste energy is available
from the depressurizing of production fluids returning
from the heavy oil reservoir. The production fluids
returning from the reservoir at, typically 50 to 300 psig,
are depressurized to near atmospheric in a degassing
separator. The oil/water production fluids are transferred
to the conventional atmospheric oil/water separation
facility, commonly known to those skilled in the art.
Waste energy can be extracted by two methods. If 1lift gas
is not used in the heavy oil recovery operation and only a
minimal quantity of associated gas is present in the
production fluids after the well head, waste steam is
separated off the degassing vessel and delivered to the
high efficiency distillation unit for waste heat energy
recovery. If lift gas is used in the well bore to assist
with the production of the heavy oil, and/or there is a
relatively high level of associated gas present in the
production fluids, then the waste heat energy can be
recovered using any suitable heat exchange means and
transferred by way of a heat medium fluid to the high
efficiency distillation unit for waste heat recovery. In
this example, the cooled production fluids are degassed in
the degassing vessel without appreciable steam losses. The
current state of the art for thermal stimulation
techniques is to drive the reservoir harder to enhance

heavy oil recovery, thereby resulting in higher production
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fluid temperatures at the producing well heads. These
temperatures are reaching levels beyond the typical 230 °F
to 400 °F and even 500 °F. Therefore, significant
recoverable waste heat energy is available as a source for

the high efficiency water distillation unit.

One object of the present invention is to provide an
improved efficient produced water recovery process for
distilling water containing organic, inorganic, metals or
other contaminant compounds with the result being a
purified water fraction devoid of the contaminants which
additionally does not involve any scaling of the

distillation apparatus.

A further aspect of one embodiment of the present
invention is to provide a method of recovering energy for
treating water used in heavy o0il recovery in a reservoir
containing heavy o0il and water comprising in combination,
the steps of:

a) providing a water feed stream;

b) treating the water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating the

steam fraction and the liquid fraction;

d) separating the steam fraction and the 1liquid
fraction;
e) providing an oil-water separator and a water

distillation apparatus;
f) injecting the reservoir with the steam fraction;
g) collecting heavy o0il and produced water from the

reservoir in the oil-water separator;
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h) separating the heavy oil and produced water from
the separator;

i) providing thermal energy contained in the liquid
fraction to the water distillation apparatus; and

j) treating the produced water with the water

distillation apparatus.

An even further aspect of one embodiment of the present
invention is to a method of recovering energy for treating
water used in heavy oil recovery in a reservoir containing
heavy oil and water, comprising in combination, the steps
of:

a) providing a water feed stream;

b) treating the water feed stream to dgenerate a

steam fraction and a liquid fraction;
c) providing a steam separator for separating the

steam fraction and the liquid fraction;

d) separating the steam fraction and the liquid
fraction;
e) providing an oil-water separator and a water

distillation apparatus;

f) injecting the reservoir with the steam fraction;

g) depressurizing heavy oil, produced water to form
steam exiting from the reservoir;

h) transferring energy contained in the steam to
the water distillation apparatus; and

i) separating the heavy oil and produced water.
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An even still further aspect of one embodiment of the
present invention is to a method of recovering energy for
treating water used in heavy oil recovery in a reservoir
containing heavy oil and water, comprising in combination,
the steps of:

a) providing a water feed stream;

b) treating the water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating the
steam fraction and the liquid fraction;

d) separating the steam fraction and the 1liquid
fraction;

e) providing an oil-water separator and a water
distillation apparatus;

£) injecting the reservoir with the steam fraction;

g) recovering heat energy from the heavy oil and
produced water exiting the reservoir with heat exchange
means;

h) separating the heavy oil and produced water;

i) providing thermal energy from the heat exchange
apparatus to the distillation apparatus

3) providing thermal energy contained in the liquid
fraction to the water distillation apparatus; and

k) treating the produced water with the water

distillation apparatus.

A still further aspect of one embodiment of the present
invention is to provide a method of recovering energy from

a heavy o0il recovery facility where the heavy oil is
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contained in a reservoir, the energy for the treatment of
water produced from heavy oil recovery, the method
comprising, the steps of:

a) providing a source of steam having a steam
fraction and a liquid fraction;

b) providing an oil-water separator and a water
distillation apparatus;

c) injecting the reservoir with at least one
fraction of the steam fraction and the liquid fraction to
recover the heavy oil;

d) collecting heavy oil and water _from the
reservoir in the oil-water separator;

e) separating the heavy oil and produced water from
the separator;

£) providing thermal energy contained in the liquid
fraction to the water distillation apparatus; and

g. treating the produced water with the water

distillation apparatus.

A further aspect of one embodiment of the present
invention is to provide a method of recovering energy from
heavy oil treatment for treatment of water produced from
the heavy oil recovery, comprising the steps of:

a) providing a high pressure blowdown stream;

b) flashing the high pressure blowdown stream to
form low pressure waste energy stream and concentrated
blowdown;

c) vaporizing produced water with low pressure
waste energy stream;

d) preheating the produced water feed stream with

concentrate blowdown stream;
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e) providing a fluid circulation circuit including
a heated separator and a reboiler exchanger in fluid
communication;

f) passing preheated produced water feed stream
into the heated separator;

g) passing the waste energy into the reboiler for
recovery of heat energy;

h) vaporizing the produced water stream with the
waste energy in the reboiler exchanger to generate a vapor

fraction and a concentrate liquid contaminant fraction;

i) circulating at least a portion of the
concentrate liquid fraction through the reboiler exchanger
and the heated separator to maintain a ratio of mass of
concentrate to vapor fraction of between 300 and 2 to
result in a vapor fraction of about 1% by mass to less
than 50% by mass exiting the reboiler exchanger to prevent
fouling and scaling in the reboiler;

3) condensing the vapor fraction with an external
condensing means; and

k) collecting condensed vapor fraction and waste

energy stream substantially devoid of contaminants.

It has been found that by precisely controlling the ratio
of circulating mass in a range of less than 300 to near
two times that of the vapor fraction exiting the reboiler,

several desirable advantages can be realized:

1. The circulating concentrate through the

evaporating side of the reboiler will contain a
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precisely controlled vapor fraction near 1% to

50% of the mass of the circulating concentrate;

2. By precisely controlling this vapor
fraction, the temperature rise of the
circulating concentrate remains very low (about
1 °F) and reboiler heat exchange surfaces remain
wetted, at a temperature near that of the
circulating concentrated fluid. This reduces the

risk of fouling of these surfaces;

3. With this controlled low vapor fraction,
the concentrated fluid within the exchanger is
subjected to a greatly reduced localized
concentration factor of less than 1.1, avoiding
localized precipitation of scaling compounds on

the exchanger surfaces;

4. As the vapor mass is formed toward the exit
of the reboiler, the stream velocities within
the exchange passages increase significantly
promoting good mixing and thus reducing the risk

of fouling;

25

30

5. By allowing a controlled vapor fractiom in
the evaporating fluid, significant heat transfer
can be realized through the means of latent
heat, without scaling and causing a temperature

cross within the heat exchanger;
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6. Because the temperature rise of the
evaporating side of the reboiler is kept very
low, the LMTD of the reboiler is maintained,
thereby keeping the input energy requirement

very low;

7. By adjusting the heat flux, the temperature
of the wet surfaces for condensing and
evaporating are maintained near that of the
saturated steam condition at the evaporating and
condensing conditions. The type of Dboiling
experienced will range from primarily forced
convection to stable nucleate boiling off the

wetted surfaces; and

8. By providing a reboiling means to absorb
low grade waste heat energy from a heavy oil
recovery facility, the power required for
compression is eliminated, provided sufficient

high pressure blowdown is available.

A further aspect of one embodiment of the present
invention is to provide a method of recovering energy from
heavy o0il treatment for treatment of water produced from
the heavy oil recovery, comprising the steps of:

a) providing a high pressure blowdown stream;

b) flashing the high pressure blowdown stream to
form a low pressure waste energy stream and concentrated
blowdown stream;

c) vaporizing at 1least a portion of the produced

water with the low pressure waste energy stream;
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d) preheating the produced water with the
concentrated blowdown stream;

e) providing a fluid circuit including a heated
separator and a reboiler exchanger in communication;

£) providing a vapor circuit including the heated
separator, compressor means and the reboiler exchanger in
communication;

g) passing preheated produced water into the heated
separator;

h) vaporizing the preheated produced water with the
low pressure waste energy and a compressed vapor stream in
the reboiler exchanger to generate a vapor fraction and
concentrate liquid fraction;

i) treating the vapor fraction formed by the low

pressure waste energy with an external condenser means;

j) recovering any remaining portion of the wvapor
fraction by the compressor means;

k) circulating at least a portion of the
concentrate liquid fraction through the reboiler exchanger
and the heated separator to maintain a ratio of mass of
concentrate to vapor fraction of 300 to near 2 to result
in a vapor fraction of near 1% by mass to less than 50% by
mass exiting the reboiler exchanger to prevent fouling and
scaling in the reboiler exchanger; and

1) collecting the condensed vapor fraction and the

waste energy stream substantially devoid of contaminants.

An even still further aspect of one embodiment of the
present invention is to provide a method of recovering

energy from heavy oil treatment for treatment of water
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produced from the heavy oil recovery, comprising the steps
of:

a) providing a high pressure blowdown stream;

b) flashing the high pressure blowdown stream to
form a low pressure waste energy stream and concentrated
blowdown stream;

c) vaporizing the produced water with the low
pressure waste energy stream;

d) preheating the produced water with the
concentrated blowdown stream;

e) providing a fluid circulation circuit including
a heated separator and a reboiler exchanger in fluid
communication;

f) - passing the produced water feed stream into the
heated separator;

g) passing the low pressure stream waste energy
into the reboiler;

h) vaporizing the pfoduced water with the low
pressure waste energy in the reboiler exchanger to
generate a first vapor fraction and a concentrate liquid
contaminant fraction;

i) circulating at least a portion of the
concentrate liquid contaminant fraction through the
reboiler exchanger and the heated separator to maintain a
ratio of mass of concentrate to vapor fraction of 300 to
near 2 to result in a vapor fraction of near 1% by mass to
less than 50% by mass exiting the reboiler exchanger to
prevent fouling and scaling in the reboiler;

3) providing crystallization means and a reboiler

exchanger in communication with the vapor fraction;
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k) removing a portion of the concentrate liquid
contaminant fraction for feed to the crystallization
means;

1) passing the vapor fraction into the reboiler for
providing heat energy for precipitating solids from the
concentrate liquid contaminant fraction;

m) creating a second vapor fraction from the
crystallization means and a substantially solid fraction
stream;

n) condensing the second vapor fraction with
condenser means; and

o) collecting a condensed first wvapor fraction, a
condensed second vapor fraction and a condensed waste

energy stream.

As further advantages to this methodology, the input costs
are effectively zero. This is due to the fact that if
sufficient low grade waste energy can be made available,
there is no requirement for a compressor to treat the
produced water. Further still, the method protocol
facilitates 100% water recovery and results in a zero
waste water effluent solution since the contaminants are

converted to solid waste.

Broadly, in one possible embodiment, distilled water is
evaporated and passed through a mesh pad to remove any
entrained droplets, where it is externally condensed. The
waste energy stream enters the reboiler where it 1is
condensed to distillate. The heat energy is transferred to
the circulating concentrate from the heated separator

where, by way of controlling the mass of circulating
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concentrate to wvapor stream, to a range of less than 300
to near 2, less than 50% vapor or more precisely less than
10% vapor, is generated in the circulating concentrate
stream. This vapor formed in the circulating concentrate
stream absorbs the transferred heat by latent heat of
vaporization, while at the same time not allowing the
temperature rise on the circulating concentrate to
increase greater than about 1°F. The clean distillate
water, collected from the external condenser and the
reboiler exchanger at condensing temperature and pressure,
is returned as high quality steam generator feed water.
Simultaneously, a portion of the concentrate stream is
removed from the heated separator to control the desired
concentration of the non-volatile contaminants. This
concentrate blowdown stream at the heated separator
temperature and pressure is passed through a preheater to
impart the remaining sensible heat energy to the produced
water feed stream. Additional pre- and post-treatment
techniques can be employed as batch or continuous process
methods to remove or contain contaminants, prior to, after
or during the distillation operation. Methods of pH
control or other chemical additions can be used to ionize
volatile components or alter solubility conditions in the
concentrate to further enhance the subject distillation
process. A substantially high level of distilled water can
be recovered, typically in excess of 90% of the water feed
stream. With the further addition of a crystallization

means, 100% water recovery can be achieved.

In terms of the breadth for this process, the same could

be easily employed to any heavy o0il recovery operation
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using steam for thermal stimulation, such as conventional
steam flood, cyclic steam stimulation (CSS or Huff
n=Puff), steam assisted gravity drain (SAGD) and steam and
gas pushed (SAGP). This listing is by no means exhaustive,

but rather exemplary.

According to a further aspect of one embodiment of the
present invention there is provided a method of recovering
energy for treating water used in heavy oil recovery in a
reservoir containing heavy o0il and water comprising in
combination, the steps of:

a) providing a water feed stream;

b) treating the water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating the
steam fraction and the liquid fraction;

d) separating the steam fraction and the 1liquid
fraction;

e) providing a degassing separator;

£) providing an oil-water separator;

g) injecting the reservoir with the steam fraction;

h) generating heavy oil, produced water and waste
steam;

i) flashing the waste steam in the degassing
separator;

3) collecting the heavy oil and produced water in
the oil-water separator;

k) separating the heavy oil and produced water from
the oil-water separator;

1) providing thermal energy contained in at least

one of the produced water and waste steam from step h),
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the liquid fraction from step b) or the waste steam from
step i) to a distillation apparatus;
m) conditioning produced water from step h); and

n) storing conditioned and distilled water.

According to yet another aspect of one embodiment of the
present invention there is provided a method of recovering
energy for treating water used in heavy oil recovery in a
reservoir containing heavy o0il and water comprising in
combination, the steps of:

a) providing a water feed stream;

b) treating the water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating the

steam fraction and the liquid fraction;

d) separating the steam fraction and the 1liquid
fraction;
e) providing an oil-water separator and a water

distillation apparatus;

f) injecting the reservoir with the steam fraction;

g) collecting heavy o0il and produced water from the
reservoir in the oil-water separator;

h) separating the heavy o0il and produced water from
the separator;

i) providing thermal energy contained in the steam
fraction to the water distillation apparatus;

3) recirculating excess thermal energy from step i)
for injection into the resevoir; and

k) treating produced water with the water

distillation apparatus.
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Yet another aspect of one embodiment of the present
invention there is provided a method of removing
contaminants from a feed stream containing contaminants
used for heavy o0il in a reservoir containing heavy oil,
comprising the steps of:

a) providing a water feed stream;

b) preheating the water feed stream in a first step
to at least partially remove somevof the contaminants from
the water stream and recover energy from a concentrate and
distillate;

c) heating the preheated water feed stream in a
second heating step in a heated separator to generate a
vapor fraction and a concentrate liquid contaminant
fraction;

d) compressing, in a compressor, the vapor fraction
to generate a temperature differential in a reboiler

exchanger;

e) controlling the temperature differential within
the reboiler exchanger and the concentrate temperature to
maintain nucleate boiling whereby a wetted surface is
maintained within the reboiler exchanger;

£) circulating at least a portion of the
concentrate through the reboiler exchanger and the heated
separator to maintain a ratio of mass of concentrate to
vapor fraction of between 300 and 2 to result in a vapor
fraction of less than 1% by mass to less than 50% by mass
exiting the reboiler exchanger;

g) condensing the vapor fraction and collecting a
distillate;

h) providing a steam generator;
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i) generating high pressure steam in the steam
generator with the distillate;

3) providing a steam turbine in operative
connection with the compressor for driving the compressor;

k) injecting exhaust steam from the steam turbine
into the reservoir;

1) collecting heavy oil and produced water from the
reservoir; and

m) separating heavy o0il and produced water.

It has been found that the antifouling circuit can be
directly linked to be driven by a high pressure steam
supply by making use of a turbine or turbines driven by
the steam which in turn drive the compressor for the
antifouling circuit. As set forth herein above, high
pressure steam can be sourced from a SAGD operation as set

forth herein previously.

By providing a circuit having a turbine and crystallizer,
with an antifouling circuit, the result is advantageously
a circuit capable of generating substantially 100% water
recovery, self containment and further a circuit which
significantly reduces the dissolved compounds inherent in
such a series of unit operations to solids. As a further
major advantage, such a circuit or combination of these
circuits can be amalgamated with a heavy oil recovery
operation to result in enhanced heavy oil recovery with
reduced power requirements, antifouling and significantly

improved economics.
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Having thus described the invention, reference will now be
made to the accompanying drawings illustrating the

preferred embodiments and in which:

The invention will now be described by way of example,

with reference to the accompanying drawings, in which:

Figure 1 is a schematic illustration of the overall
process according to one embodiment of the described

invention;

Figure 2 is a schematic illustration of the overall
process according to a further embodiment of the

described invention;

Figure 3 is a schematic illustration of the water
treatment unit contained within the embodiment of

the described invention;

Figure 4 is an alternate embodiment of Figure 2;

Figure 5 is a further alternate embodiment of Figure

3;

Figure 6 illustrates, in a schematic form, the
typical pressure and temperature conditions around

the evaporation components;

Figure 7 is a process condensing/evaporating curve

for the system reboiler exchanger;
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Figure 8 illustrates the schematic of the flow

pattern for the reboiler plate/plate heat exchanger;

Figure 9 is a chart illustrating the 1level of
vaporization in the reboiler, occurring in the
circulating fluid with relation to the ratio of

circulating fluid mass to vapor mass;

Figure 10 is a chart illustrating the resulting
localized concentration effect in the reboiler with

varying vapor fractions;

Figure 11 is a chart showing the test data obtained

from a distillation unit pilot;

Figure 12 is a schematic illustration of the overall
process according to a further embodiment of the

described invention;

Figure 13 is a schematic illustration of the overall
process according to a further embodiment of the

described invention;

Figure 14 illustrates a further variation of the

process shown in Figure 1 and 2;

Figure 15 is a schematic illustration of a further

variation of Figure 14;
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Figure 16 is a still further variation of the

process according to a further embodiment; and

Figure 17 is a still further embodiment of the
present invention according to yet another

embodiment.

Similar numerals employed 1in the text denote similar

elements.

Referring now to Figure 1, shown is an example of one
embodiment of the present invention. Steam generator 125
feed water is collected in a feed water tank denoted as
110. The water is sourced from a -suitable ground water
source 105, recycled from or is makeup water from
conventional treatment methods at 100, such as lime and
caustic softening, ion exchange softening or distillation.
Primarily, the feed water must have the hardness
components, such as calcium, magnesium and silica, removed
to prevent scaling of the high pressure steam generators
125. As an additional consideration, the dissolved solids
must be less than 8,000 ppm (w) to produce the desired 80%
quality high pressure steam. The total dissolved solids
(TDS) primarily consists of sodium chloride. The volumes
of water can range from as low as 10,000 barrels per day
(BPD) for piloting heavy oil thermal facilities, to rates
exceeding 100,000 BPD for commercial heavy o0il thermal

facilities.
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The conditioned water from 110 is pumped by a series of
feed pumps 115 to the high pressure steam generator 125.
The typical steam generator 125, generates a 60 to 80%
steam quality at pressures ranging from 1,000 psig to
3,000 psig or greater depending on the nature of the oil
reservoir. This type of oilfield steam generator, familiar
to those skilled in the art, is limited to less than 100%
steam quality due to the inherent design and restriction
related to tube scaling. Other boilers, conventional steam
boilers and cogeneration heat recovery boilers can be used
to generate saturated steam or 100% gquality steam or
superheated steam if high quality water, such as distilled

water could be commercially made available.

Certain heavy oil reservoirs, for example, the heavy oil
reservoirs using the SAGD technique, cannot transfer 1less
than 100% quality steam to the reservoir without affecting
0il recovery performance. For these operations, a high
pressure steam separator, denoted as 130, is provided to
separate the saturated steam 135 from the HP liquid phase
140, also referred to as the superheated brine. Some
facilities use a portion of the energy available in 140 by
exchanging at 120 with the steam generator feed water 115
before releasing the pressure. The amount of heat energy
recovered varies on the level of steam pressure at 135,
but generally is limited to a small portion. Therefore,
most SAGD heavy oil facilities have a significant quantity
of waste heat energy available in stream 140, which has
limited use and is typically rejected to a cooling tower
or in a cooler as waste heat. This waste energy stream can

be delivered to a high efficiency water distillation unit
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180 for treatment of the produced water 175 and have
significant impact on lowering the commercial cost of
water treatment and improving the production cost of heavy
oil. The most significant impact, however, is the
environmental benefits in that the makeup water and
contaminated water for disposal can be eliminated and a
significant portion of the waste energy can be recovered,
resulting in a reduction of consumed fuel gas and overall

air emissions.

High pressure steam 135 is injected into the reservoir 145
through well bore 150. Depending on the type of heavy oil
recovery technique used, the well configuration will vary.
Figure 1 illustrates a typical SAGD arrangement where the
steam is injected in a horizontal well bore and the heavy
0il production fluid is recovered in an adjacent
horizontal well bore 155. The production fluids are
received at the surface and transferred by production
lines 160 to the oil recovery facility 165. Heavy oil,
typically less than 20 API and greater than 7 API is

removed and commercially sold for petroleum refining.

The produced water 175, received at a typically water to
oil ratio of 2 to 5, is transferred to the water treatment
unit generally denoted as 180. The produced water will
contain sodium chloride, silica, dissolved organic
hydrocarbons, calcium and magnesium, primarily originating

from the oil reservoir and initial makeup water source.

The concentrated brine wastewater or solids can be

extracted from the water treatment unit 180 as stream 185.
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This stream typically has no commercial value and requires
disposal on site or offsite, depending on the heavy oil

facility location.

Generally, the high efficiency distillation water
treatment unit noted as 180 will recover greater than 80%
to 100% of the produced water in the form of pure

distilled water at stream 100.

Referring now to Figure 2, shown is an example of a
further embodiment of the present invention. This example
represents a heavy oil recovery facility where the thermal
conditions of the production fluids after the producing
well bore 155 and well head 160 are required to be greater
than the conventional 230 °F, approaching 400 °F to
500 °F, in order to enhance the performance of the heavy
0il recovery. The hot production fluids pass through the
degassing separator 161 as the pressure is reduced at 162
to feed the oil/water separation unit 165. Steam 163 is
created at typical pressures of 40 to 60 psig (generally
less than 100 psig) from the degassing separator 161. This
low grade steam 163 is transferred to the high efficiency
water distillation unit, commonly denoted as 180, for use
in evaporating distilled water from the produced water.
This technique of heat recovery can be used if the
quantity of associated and/or injected 1lift gas is low
relative to the steam produced in the production fluids

160.

If there is fairly high associated gas content in the

heavy oil, not typically encountered, and/or 1lift gas is
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artificially injected in the production well bore 155,
then an alternate heat energy recovery technique is
required. The hot production fluids will transfer through
any suitable heat exchange means to drop the temperature
before entering the degassing separator 161. The waste
heat energy is extracted from 164 using a suitable heat
transfer medium and transferred by 165 to the high
efficiency water distillation unit 180 to produce water to

distilled water.

As shown in Figure 2, both heat recovery methods using
streams 140 and 166 can be used independently or combined
depending on the operating conditions of the heavy oil

reservoir 145 and the benefits gained by each method.

Referring now to Figure 3, shown is an example of one
embodiment of the high efficiency distillation unit

generally denoted as 180.

The produced water feed stream, generally denoted by
numeral 175, is introduced into a pretreatment step,
generally denoted by 12, for removing insolubles,
volatiles and/or performing other pH or conditioning steps
for preparing the feed stream 175. Volatile components are
vented from the feed stream at 14, while less volatile
components are discharged from the feed stream at 16. The
pretreated feed stream exiting 12 is then passed into a
preheater 18 to elevate the temperature of the feed stream
to enhance sensible heat recovery prior to introduction
into a heated separator 20. The feed stream may be split

into multiple streams and passed through other secondary
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sensible heat secondary recovery preheaters to maximize
the full recovery potential of the unit. Such arrangements
will be appreciated by those skilled in the art. The
multiple preheaters may be configured as a single multi-
service preheater or separate units as denoted by 18 and
26. The separate feed streams are recombined and heated to
near heated separator conditions prior to entering the
heated separator 20. If desired, the feed stream can also
be introduced into the forced circulation stream to create
a local dilution effect in the reboiler. The heated
separator may comprise a multiple separation unit, such as
a cyclonic separator. The lower section, broadly denoted
by numeral 22, has cyclonic action to suspend solid
material in the concentrate and discharge what is referred
to as Ablowdown@ or concentrate as denoted by line 24. The
rate of blowdown 24, continuous or batch, controls the
concentration of components in the heated separator 20,
thereby regulating the degree of saturation of the
concentrate, the degree of supersaturation, subsequent
precipitation of solids and the boiling temperature in the
heated separator 20. The blowdown 24, at heated separator
20 temperature and concentration is passed through the
secondary preheater 26 for heat recovery to the feed
stream via line 28. The blowdown stream 24 is reduced to a
temperature within about 3 °F to approach to the feed

stream from 12 and released as stream 185.

The upper section of heated separator 20, containing
mostly saturated steam vapor, is dedicated to vapor/liquid
separation and may contain such features as a mesh pad or

vane pack (not shown) to coalesce liquid droplets from the

3 May, 2001
P2962.P3



10

15

20

25

30

37

vapor stream. Vapor exiting the heated separator 20 and
generally indicated by line 30, constitutes environmental
quality distillate and depending on the components present
in the feed stream, may comprise potable water or boiler
quality feed water. A portion of the vapor is transferred
into the compressor 32 to elevate the pressure and
temperature of the vapor stream above that of the heated
separator 20. The vapor stream can be at any pressure
leaving the heated separator, including vacuum. This vapor
is primarily saturated at the heated separator 20
conditions, however, it can become supersaturated if the
concentrate contains components at a sufficient
concentration to increase the boiling point of the wvapor.
This concept is known as boiling point rise or BPR and
shall be understood so that the compression can be
appropriately compensated. The additional energy imparted
to the vapor stream sets up the required LMTD or thermal
drive necessary to effect heat transfer in the reboiler
heat exchanger, generally denoted by numeral 34. Any
remaining portion of vapor, denoted as 46, is transferred
to any suitable external condensing device 58 to recover

vapor as distilled water in 48.

The compressor or blower, denoted by numeral 32, may be
any device known to those skilled in the art, which can
induce about 3 to 15 psi head into the vapor and flow the
desired level of vapor mass. The actual head required from
the compressor 32 is specifically determined for each unit
by the evaporating conditions in the heated separator 20
and the required LMTD for the reboiler 34. The vapor

leaving the compressor 32 is primarily superheated steam.
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The degree of superheat is dependant on the discharge
pressure and efficiency of the compressor device 32. Waste
energy in the form of 1low pressure saturated steam,
typically less than 100 psig, more specifically less than
50 psig, can be added to the compressed vapor before
entering the reboiler exchanger 34. The combined stream
will reduce the 1level of superheat imported by the

compressor.

The reboiler exchanger 34 functions to condense the
combined vapor received from compressor 32 and waste
energy source 50, to distillate draining from the reboiler
34 to a condensate receiver, denoted by numeral 36. This
step captures the superheat and latent heat of the
combined vapor stream and transfers it by means of thermal
drive into the concentrate circulating stream denoted by
numeral 38. The distillate accumulated in the receiver 36
generally is saturated liquid at a specific temperature
and pressure condition. The additional sensible heat
contained in the distillate is recovered by passing hot
distillate using pump 40 back through the preheater 18,
where the exiting stream is cooled to about 3 °F within
the incoming feed stream from 12. The distilled water from
receiver 36 and 48 can be combined to recover sensible
heat prior to entering preheater 18 and is released as

stream 100.

It has been found that by using a concentrate circulation
pump 42 to circulate a prescribed quantity of concentrate
from the heated separator 20, through the reboiler

exchanger 34, significant results can be realized without
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over concentrating the concentrate and without the risk of
fouling or scaling of the exchanger surfaces. The ratio of
circulating concentrate mass to vapor is specifically
selected to be in a range of less than 300 to at near 2,
thereby precisely generating a vapor fraction of near 1%
to less than 50% in the stream 38 exiting the reboiler
exchanger 34. This mass flow can be varied and set at the
desired parameter by using a control device generally
denoted by numeral 44. More specifically, the desired
target for vapor fraction in the exiting circulating
stream 38, when considering most contaminated feed
streams, is less than 10% vapor fraction. The wvapor
generated in the stream 38 is equivalent in mass to the
amount recovered as distillate at 100. The vapor created
in the reboiler exchanger 34, even though it is very small
in mass fraction (about 1 to 10% of the circulating mass),
absorbs the majority of heat transferred from the
condensing side of the reboiler 34. The selection of vapor
fraction and concentrate circulation rate is an important
factor in reducing fouling and scaling, and preventing
over concentrating of the fluid in the exchanger. To a
greater extent, this parameter is most important to
establish a very low temperature rise on the concentrate
circulating fluid to maintain an effective LMTD without a
temperature cross in the reboiler exchanger 34. Any
temperature rise will quickly eliminate the ILMTD and heat
transfer will stop. For example, if the pressure of the
circulating concentrate were increased in the reboiler
such that the £fluid could not create some Vapor, the
temperature would rise by sensible heat absorption until

no LMTD or thermal drive would exist and thus the heat
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transfer would decline. The back-pressure of the
concentrate circulating system, consisting of static and
friction head losses, is designed to be minimal. In fact,
the back pressure is primarily equal to the static head
loss of the vertical exchanger, as the dynamic pressure
drop of the exchanger is minimized. The circulating
concentrate flow is then selected to achieve near 1% to
10% vapor fraction in the outlet line 38. The resulting
temperature rise is very low and the LMTD remains at its

design value.

Figure 3 illustrates an example whereby saturated waste
steam. is combined with compressed steam to absorb the
waste heat energy in a single reboiler 34. The combined
steam is condensed to form a condensed distillate. If the
available waste steam pressure is not compatible or could
not be made to be compatible, then separate concentrate
circulation loops and reboiler exchangers are provided,
specifically designed to suit each heat source.
Furthermore, if waste heat was only available by means of
a non-condensing heat transfer fluid, then the waste heat
exchange is designed to extract the heat from the transfer
fluid without a condensed distillate. The key design
features of the reboiler will always be to maintain the
preferred mass liquid to vapor mass ratio to create a

vapor mass of 1% to 10% in the evaporating fluid.

Referring now to Figure 4, shown is an alternate process
scheme which allows for blowdown 24 from the heated
separator 20 to be adjusted until the overall

concentration effect or concentration factor (CF) of the
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system creates a supersaturated concentrate with respect
to one or many components to cause precipitation. As the
solids form and build in the heated separator 20, the
blowdown 24 is passed through a solid/liquid separation
device, generally denoted by numeral 50, for removal of
the solids or sludge. As an alternative, the solid/liquid
separation device 50 can be located between the reboiler
pump 42 and the exchanger 34, in a slipstream or total
flow arrangement. The recovered liquid is further recycled
back to the heated separator 20 as indicated by 52 and a
portion representing the blowdown quantity, is further
passed through the preheater 26 for heat recovery and
cooled to about 3 °F of stream 175. The solid/liquid
separation device 50 can be of any form such as filter,
hydro cyclone, centrifugal settler, gravity settler,
centrifuge, decanting separator, known to those skilled in
the art. This process is particularly attractive when the
major objective is to recover a compound as a solid or

when the compound is of significant commercial value.

Referring further to Figure 5, shown is a further process
variation by which the vapor stream may contain a portion
of a particular contaminant £rom the feed stream. The
heated separator 20 is equipped with a fractionation
column 54 ahead of the compressor 32 and excess steam line
46. The column 54 is used to fractionate and scrub out the
contaminate using multiple stages in conjunction with
clean cool water reflux, denoted by numeral 56. The reflux
can be drawn from either upstream or downstream of the
preheater 18 or a combination, depending on the required

reflux temperature. This process variation is attractive
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when the feed stream contains, for example, volatiles such

as hydrocarbons, glycols, ammonia, amines, etc.

Figure 6 illustrates the typical pressure and temperature
relationships of the various streams around the
evaporation portion of the process. Numerical references
are made from Figures 2 through 4 for this discussion.
Although the specific process parameters are shown by way
of example, they are modifiable to suit any specific
distillation application. This schematically shows the
conditions based on a fluid with no boiling point rise and
the heated separator 20 operating at slightly above
atmospheric pressure, 16 psia and 212.5 °F, The
circulating concentrate temperature rise is about 1 °F for
a reboiler pressure drop of 2.5 psi. The vapor fraction of
the circulating stream is about 10%. The conditions around
the reboiler exchanger 34 can be represented on a
evaporation/condensing curve as shown in Figure 7. On the
condensing side of the exchanger, superheated steam from
the compressor at point Cl at about 289 °F and 21.0 psia
combines with the saturated waste heat stream source at C2
and is condensed at the saturated pressure of the vapor at
point C=, about 232 °F and 21.0 psia. This zone is
commonly referred to as the desuperheating zone and
consists of about 2% of the exchanger surface area, the
remaining zone being the area by which the latent heat of
condensation is released. The area required for
desuperheating is reduced as the ratio of saturated waste
heat to compressed steam increases. A slight drop in
pressure and temperature will occur through the exchanger

34 due to the inherent pressure drop of the heat
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exchanger. The outlet conditions become about 231.8 °F and
20.9 psia. The surface temperature, on the condensing
side, will be less than the saturation temperature of the
incoming vapor, thereby forming a condensate film on the
heat exchange surface. The heat transfer will therefore
occur off the wet wall condition maintaining the effective
temperature of the film at the vapor saturation
temperature. The distillate will drain from the exchanger
to the condenser receiver 36 at point D, keeping the
reboiler free of 1liquid and exposing all of the heat

exchanger surface to the condensing process.

On the evaporating side, concentrate enters the exchanger
counter currently' from the bottom at point A at about
212.5 °F and 18.0 psia after the circulating pump 42. The
circulation rate is adjusted so that the ratio of
concentrate mass is at least 10 times greater than the
vapor rate. The temperature of the concentrate fluid
begins to rise to point A=, and then levels off to about
213.2 °F as point B is reached, where the static head is
overcome and the pressure reduces to 15.5 psia. While the
concentrate rises up the exchanger 34, vapor begins to
form by forced convection, absorbing the latent heat
transferred. By increasing the fluid mass on the
evaporating side until the ratio of circulating mass to
vapor mass falls within the desired range, the boiling
effect is controlled within the forced convection and
stable nucleate boiling regions. Eecause of the high mass
flow of liquid, the heat transfer surface remains wetted
at a temperature equivalent to the saturated temperature

of the newly formed vapor. By further ensuring that the
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flux rate (QA™) for a exchanger is below
6000 BTU hr™! ft-2, the temperature rise for the
evaporating side can be maintained below 1 °F and the
wetted film surface is maintained, thereby eliminating the
risk of scaling. If the flux rate is too high, the
instantaneous vapor acceleration pressure drop temporarily
exceeds the available static head, resulting in unstable
temporary backflow and possible breakdown of the wetted
heat transfer surface. This may result in fouling of the
heat transfer surface. Below heat fluxes of
6000 BTU hr' ft? and within the range of circulating
concentrate mass to vapor mass less than 300, there exists
a region where the liquid and vapor can co-exist in stable
operation and maintain a fully wetted heat transfer
surface on the evaporating side of the reboiler, without

the risk of fouling or scaling.

Reference to points A through D is also found on Figure 8.

Figure 8 illustrates the elevation wview of a highly
efficient heat transfer exchanger 34, known by those
skilled in the art as a plate and frame heat exchanger,
whereby rows of vertically stacked, gasketed plates 60 are
arranged between two solid frames 62 and 64. These devices
are well known for their compact size and ability to have
very high U values or overall heat transfer coefficients.
This type of exchanger, arranged as a single pass,
countercurrent flow configuration is well suited for the
present invention and specifically offers the following

benefits to perform the present invention:
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1. The plate type exchanger offers a low,
fixed static head and very low pressure drop on
the concentrate circulating fluid or evaporating
side, while providing a relatively high heat

transfer coefficient;

2. The heat flux can be easily adjusted by
adding more surface area or plates in a given

frame;

3. The condensing side of a plate frame design
is free draining and has low pressure drop,
while maintaining a relatively high heat

transfer coefficient;

4. The highly effective heat transfer
coefficient allows the surface temperatures to
be very near to both fluid stream temperatures

reducing the risk of fouling;

5. The high turbulence and equivalent high
fluid velocities results in low fouling and
maintains the solids in homogeneous suspension

as they pass through the exchanger;

6. There are no hot or cold spots and no dead
flow regions inherent to a plate frame design

lowering the risk of fouling or scaling;

7. Plates are smooth and well finished

reducing the risk of fouling; and
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8. Low fluid residence time reduces the risk
of precipitation, as there is insufficient time
to reach equilibrium and generate scaling

contaminants.

More generically, the plate type heat exchanger is very
compact and can be provided cost effectively with exotic
alloy plates to resist fluid corrosion and stress
corrosion cracking, common to desalination type
applications. Other types of exchangers, shell and tube,
double pipe, finned tube, spiral, may also be considered
by those skilled in the art, provided the specific

requirements of the invention are maintained.

Figure 9 is a chart showing the preferred design range,
globally denoted by 66, for the ratio of circulating
concentrate mass flow in relation to the vapor mass flow.
The desired range from about 10 to 100 results in a vapor

fraction of less than 10% to near 1%.

Figure 10 is a chart showing the resulting impact on the
local concentration factor CPexcuancer in relation to the
risk of further supersaturation and precipitation within
the heat exchanger. Generally, the system concerntration

factor can be expressed as follows;

CFrotar. = CFarowpown $ CFexcuancer

The concentration which reaches steady state in the heated

separator results from the steady removal of wvapor in
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balance with a continuous blowdown from the heated
separator. The value of the CFrorar 1S typically in the
order of less than 5 to about 20 times, depending on the
level and type of contaminates in the feed stream. Also
depending on the level of vapor mass leaving the reboiler,
the resulting CFexcuancer 18 determined (between 1.0 and 1.1)
and the blowdown rate adjusted so that the desired
concentration levels are not exceeded in the reboiler. A

typical example can be shown as follows:

S Feed stream contains 20,000 TDS, and it is
desired not to exceed 100,000 TDS in the
concentrate.

$ It is determined that the most effective
mass ratio will be 20, resulting in a vapor
fraction of 5%, from Figure 7.

$ The CFrxcuancer 18 located from Figure 8 to be
about 1.07. The CFrorar is calculated to be
(100,000/20000) = 5.

$ The CFrrowpown 1S calculated to be (5/1.07) =
4.7.

$ Therefore the corrected blowdown rate shall

be (1/4.7) = 21% of the inlet feed stream.

Accordingly, by making use of a vapor recompression and
waste heat recovery process in combination with a forced
convection heat transfer system, and by following the
steps of carefully selecting the ratio of mass flow of the
circulating system to the vapor stream mass flow to be
less than 300 to about 2, more specifically a ratio of

about 10 to 100, selecting a heat flux of less than
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6000 BTU hr'* ft™?, and managing a blowdown stream to
achieve the desired concentration effect (CF), the result
is a very efficient water distillation unit which is not
susceptible to fouling or scaling over long periods of
operation. By combining the two known process schemes and
incorporating the waste heat recovery scheme with a unigque
heat exchange configuration, and more particularly,
designed with a specified concentrate circulation ratio
not previously taught by prior art, allows the present
invention to provide an effective method to distill water
free of contaminants, without the risk of fouling and

scaling.
The following examples serve to illustrate the invention.

EXAMPLE 1
This example calculation is a means of demonstrating the
heat balance around the reboiler exchanger. This example
represents a design basis of a distillation unit designed
to recover 53,000 USGPD of clean distillate from a

contaminated source.

Exchanger Information

Surface Area 3,200 ft?

Type Gasketed Plate-Frame

U 542 BTU hr™! ££2 op?

Corrected LMTD 10.40 F

Calculated Service Duty (3,200)*(542)*(10.40)
18,041,224 BTU hr?

Calculated Heat Flux (18,041,224)/(3200)

5638 BTU hr™* ft2
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Condensing Side

Inlet Conditions

Outlet Conditions
Saturated Condensing Temp.
Latent Heat of Condensing

Steam Flow

QDESUPERHEAT

Qconpense

Calculated Flow

Evaporating Side
Inlet Conditions
Outlet Conditions
Latent Heat of Vaporization
Ratio of Circulated Mass

to Vapor Mass

289 °F @ 21.0
(superheated)

231.8 °F @ 20.9 psia
232.0 °F @ 21.0 psia

psia

957.4 BTU 1lb™? @21.0 psia
36.7 USgpm=18,352 1lb hr™
(18,352) *(0.45) * (289-232)

471,131 BTU hr™

(18, 041,224-471,131)
17,570,093 BTU hr™
(17,570,093) / (957.4)
18,352 1lb hr*

212.2 °F @ 18.0 psia
213.6 °F @ 15.5 psia

968.9 BTU hr' @ 15.5 psia

10

Concentrate Circulation Rate 370 USgpm

Vapor Flow
Percent Vapor
QgvaPoRATE

QsENSIBLE

QrotaL

184,926 1b hr™
18,352 1b hr™

(18,352/184,926) = 10%

(18,352) *(968.9)
17,782,328 BTU hr™?!

258,896 BTU hr™

(184,926)*(1.0)*(213.6-212.2)

(17,782,328) + (258,896)

18,041,224 BTU hr™
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This example illustrates that the 10% vapor fraction
created in the circulating fluid will capture 99% of the
heat transferred from the condensing side and increase the
circulating £fluid temperature about 1 °F, even though

there is 10 times the mass of circulating liquid.

EXAMPLE 2

A prototype unit was fabricated designed to recover 10,000
USgpd of clean distillate from a landfill leachate lagoon.
The unit was tested over an extended period and detailed
performance test data was collected during this period.
The pilot operated successfully for an extended four month
period and upon inspection fouling was negligible in the
reboiler and heated separator. The equipment used at the
pilot test included a SpencerJ Model GF36204E Blower
Compressor providing a 3.0 psi differential pressure.
Standard single pass, plate-frame heat exchangers were

used during the test.

The leachate feed, concentrated blowdown, and treated

effluent characteristics were as follows:
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Parameter Units Leachate Blowdown Treated
Feed'?  approx 10%‘?Effluent‘®

BOD mg 1t 26 88 <10
CoD mg 17* 277 1,207 11
TOC mg 1 59 549 6

TSS mg 171t 33 145 <2
Vss mg 17! 15 29 <2
TDS mg 17 5,473 53,000 <50
Calcium mg 17 96 435 <0.05
Magnesium mg 17? 228 1,990 <0.05
Sodium mg 17t 550 4,650 <2
Iron . mg 17! 5 469 .6
Total P mg 17 1.5 1.5 <0.01
Ammonia as N mg 1* 53 124 0.38%
Total Alkalinity mg * 2,353 2,930 1 As CaCOs
Chlorides mg 17! 217 784 0.2
Sulfates mg 17! 350 20,000 <2
Total Phenols mg 17 0.08 0.45 .017
Total Coliform Col/100cc 673 <3 0
Colour TCU 166 800 <5
Turbidity NTU 131 220 0.1

Note (1) - pH pretreatment adjustment to control ammonia.

Note (2) - Values are shown as average values over the

test period.

3 May, 2001
P2962.P3



10

15

20

25

30

52

The effluent is of such quality that it can be discharged
to the surface water bodies exceeding virtually all
regulatory guidelines. The compressor power consumption
was measured and recorded for various performance points,
including compressor turndown and recycle conditions. The
measured power consumption was plotted on Figure 10 as
power ~ consumption per 1,000 USgal for the various
distillate flows. The test data curve was corrected for
the compressor inefficiencies over the range of flows and
a uniform power consumption value of 50 KW-hr/1,000 USgal
was derived. Allowing for standard compressor efficiencies
of about 77%, the required power consumption for the high
efficiency distillation wunit is about 65 KW-hr/1,000
USgal. The blowdown stream averaged about 10% of the feed
stream throughout the test period, resulting in an average
concentration factor (CF) of 10. A visual inspection was
completed after the testing, showing no signs of scaling

in the heated separator and reboiler equipment.

Turning to Figure 12, shown is a further variation of the
present invention. In this embodiment, superheated brine
blowdown 140 is received from the high pressure steam
separator 130 in Figure 1 and transferred to the high
efficiency water distillation unit, generally denoted as

180.

The blowdown stream 140 is flashed into a low pressure
separation 200 to create a low pressure (typically 10 to
50 psig) waste energy stream 203 and a low pressure
concentrated blowdown stream 235. The waste energy stream

203, 1is passed through the reboiler exchanger 205,
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condensed to distilled water and collected in the surge

tank 21S5.

The HP concentrated blowdown stream 235 is heat exchanged
with 240 to preheat the produced water 175 to 245. The
cooled concentrated blowdown is released for disposal as
stream 185. The waste energy from stream 203 is
transferred to the circulating concentrate from the heated
separator where, by way of controlling the circulating
mass to vapour stream to a range of less than 300 to near
2, less than 50% vapour or more precisely less than 10%
vapour, is generated in the circulating concentrate stream
exiting the reboiler at 230. The vapour formed in the
circulating stream absorbs the latent heat of
vaporization, while at the same time not allowing the
temperature rise on the circulating concentrate to
increase greater than about 1 °F and maintain an effective
LMTD without a temperature cross in the reboilers

exchanger 205.

The circulating concentrate is removed at a controlled
rate at 265 by a pump 270 and exchanged atv243 with a
portion of the produced feed water 241. The preheated
portion of produced water 244 is recombined with the main
preheated produced water 245 prior to entering the heated

separator 250.

If the quantity of waste energy 203 for a specific heavy
oil site is less than the energy required to distill the
desired produced water stream 245, then a separate

compressor 305 and reboiler 315 circuit is provided. The
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same circulating mass to vapour stream of less than 300 to
near 2, less than 50% vapour or more precisely less than
10% vapour, is generated in the circulating concentrate

stream exiting the reboiler at 350.

The excess steam 255 produced from the heated separator
250 is typically condensed using an external condenser
355. The energy can be transformed into building heat or
other process heating where suitable. Condensed water
streams 320 and 360 are collected in condensate surge
vessels 325 and 365 and further combined using pumps 220,
330, and 375 to form the distilled water recycle feed
water for the steam generators 125. By using the above
described method, water recovery rates of greater than &5%

can be realized.

If non-condensible volatiles are formed in the condensing
process taking place in streams 210, 320 and 360, then the
vapour can be vented automatically by means of 217, 335

and 370 respectively.

The operating pressure and corresponding temperature of
the heated separator can be selected to operate over a
wide range of full vacuum to less than 50 psig, more
typically the pressure may be selected at slightly above

or below atmospheric, 12 psia vacuum to 2 psig pressure.

Turning to Figure 13, shown is an even further variation
of the present invention. In this embodiment, a portion of
the waste heat energy from 200, denoted as 202 and/or the

excess steam 255 is used as the energy source for a
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crystallizer 405 by means of the exchanger 400 and pumping
circuit 415 and 420. The crystallizer operates at a
boiling condition of at least 10 °F and most desirably
between 20 °F and 30 °F less than the temperature of the
steam from the heated separator 250. The crystallizer may
operate at pressures at, above or below atmospheric
pressure. In the event that the energy in the waste energy
stream 202 and/or excess steam 255 exceeds the required
level for the crystallizer operation, then condensing may

be conducted by an external condensing means.

The concentrated blowdown stream 275 and heated separate
concentrate stream 265 are fed to the crystallizer feed
tank 280. The near saturated brine is transferred by a
feed pump 425 to the circulating loop of the crystallizer
410. A slip stream of the circulating slurry at 410 is
removed by pump 435 and passed through a solid/liquid
separation device 440 or transferred directly to an
evaporation pond. A typical solid/liquid separation
device, familiar to those skilled in the art, may consist
of a filter, filter press, gravity settler, clarifier,

cyclone, decanter tank and centrifuge.

The filtrate 450 is recycled to the crystallizer feed tank
280. Solid material 445, exiting the solid/liquid
separator 440, is collected in suitable storage facilities
and transported for disposal. Any excess contaminated
water collected in the storage areas 455 or evaporation
pond can be recycled by pump 460 back to the crystallizer
feed tank 280.
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Condensed water streams 210, 405 and 490 can be collected
and combined to form the distilled water recycle feed
water for the steam generators 125. By using the above
described method, water recovery rates of 100% and zero

discharge criteria can be achieved.

Referring now to Figure 14, shown is a further embodiment
of the present invention where a high efficiency water
distillation unit, denoted by numeral 180 is inserted into
the circuit and particularly positioned for treating water
from any source such as formation water, produced water or
ground source water. This variation can employ all waste -
heat sources from the SAGD circuit to match the make up
distilled water quantity required at 100. In addition,
this circuit can include a conventional water softening
unit, denoted by numeral 190 for softening the produced
water 175 received from the oil/water separator 165. The
produced water, denoted by numeral 192, having been
softened by unit 190 and therefore substantially devoid of
hardness compounds, contains an equilibrium level of TDS
or sodium chloride and is combined with the distilled
water, denoted by numeral 100, exiting the distillation
unit 180 to create boiler feed water. The distilled water
100 is substantially equal to the water losses leaving the
softener as sludge, denoted by numeral 195 from the water
softening unit 190 and any blowdown losses at 185 from the

distillation unit 180.

As an advantage of this circuit, waste heat energy can be
realized from the superheated brine at 140 from high

pressure steam separator 130, from the flashing waste
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stream 163, from the degassing separator 161 or further
from the hot production fluids 160 exiting the reservoir
as discussed previously. The waste energy can be provided
by using a suitable heat medium 166 and a suitable heat
exchange device 164. As will be appreciated, the amount of
heat energy from the brine can be adjusted by either
integrating some or all of the heat from the boiler feed
water at exchanger 120 or sending all of the heat to the
distillation unit 180. The steam generator 125 (of which
there may be several with only one shown in the Figure)
may be any suitable boiler known to those skilled in the
art, examples of which are steam drum boilers, once

through boilers, fludized bed boilers inter alia.

Turning to Figure 15, shown is a further embodiment of the
process generally set forth in Figure 14. Figure 15 should
be referenced with Figure 16 in that the two processes are

related with respect to the high pressure steam 135.

Returning to Figure 15, a portion of the high pressure
steam, globally denoted by numeral 500, is introduced into
high efficiency distillation unit 180 for purposes of
driving distillation wunit 180. The exhaust stream,
globally denoted by numeral 510, which, of course, is at a
reduced pressure relative to high pressure steam 500 can
be recirculated into stream 505 for releasing oil and

water from reservoir 145.

With respect to Figure 16, the vapour recompression
circuit which has been set forth herein previously can be

augmented with the SAGD process. This is achieved by
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making use of the high pressure steam 500 referenced in
Figure 15 to drive a turbine, denoted by numeral 525.
Turbine 525 is, in turn, particularly useful for driving
compressor 305 which has been reference herein previously

with respect to the circuit for preventing fouling.

One of the particularly desirable advantages of the
circuit shown in Figure 16, is the fact that a portion of
the high pressure steam 135, again, referenced as numeral
500 in Figure 15 is at a pressure is in excess of that
typically required for oil field injection condition
(between 19500 and 2400 psig). This pressure excess is
particularly useful for supplying driving power to a
single stage turbine 525. It will be appreciated that the

representation in Figure 16 of turbine 525 is only
indicative of a single turbine, however, those skilled
will appreciate that any number and type of turbines may
be employed to achieve this pufpose depending upon the
nature of high pressure steam 500. The exhaust stream 530
being exhausted from steam turbine 525 is at a pressure
which is suitable for oil field injection pressures,
typically acceptable at pressures of between 1200 and 1700
psig. The reduced pressure stream is indicated by numeral
510. All of their components are referenced in Figure 16
have been discussed herein previously and the point of
Figure 16 is to illustrate the adaptability of the high
pressure steam for use in driving a turbine which, has the
additional advantage of reducing the high pressure steam
such that this can be used to augment the SAGD operation
set forth not only in Figure 15 but also in the other

Figures referenced herein previously. This has, needless
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to say, significant benefits in terms of reducing the
overall cost of the operation and enhancing the efficiency

thereof.

With respect to Figure 17, this Figure illustrates the
marriage of the antifouling circuit referenced herein
above together with the compression and turbine
arrangement and further includes a crystallization

circuit.

A portion of the high pressure steam 135, denoted by
numeral 500, as referenced above, is at a field injection
pressure of between 1200 psig and 1700 psig is reduced in
pressure and used to power turbine 525 which, in turn,
drives compressor 305. Exhaust stream 530 is controlled at
a low pressure (approximately 50 psig) to provide a heat
source for the crystallizer reboiler 400. The reduced
pressure stream 500, typically at a pressure of
approximately 300 to 800 psig is condensed to boiler feed
water 560 and returned by pump 570 to distilled water
recycle. The quantity of distilled water evaporated from
250 establishes the load of compressor 305 and
consequently the turbine power requirement and steam load
500. This results in the quantity of the concentrated
stream 265 being matched to suit the remaining water
evaporation load of crystallizer 405 at 470. The
crystallizer 405 is particularly wuseful to reduce
contamination or dissolve solids in the produced water 175
to solids at stream 445 which are separated by separator

440.
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Reboiler 400 has a duty which is matched to the condensing
duty of the steam turbine exhaust at 545. The result is a
mass and energy balance system which recovers essentially
all of the produced water 175 as distilled water 100. As a
further particular advantage, the process consumes between
20% to 30% of the normal steam demand for a conventional
distillation unit when a single stage steam turbine is
used and between 10% to 20% if a highly efficient

multistage steam turbine is used.

Figure 17 unifies the energy balance benefit of the
antifouling evaporation circuit set forth herein
previously with the multiple effect benefits of the
turbine/crystallizer «circuit to achieve .a extremely
efficient non fouling distillation unit that is self
contained and achieves substantially 100% water recovery

with reduced dissolved compounds to solids.

In terms of the apparatus employable in the system it will
be readily appreciated by those skilled in the art as to
what examples of the heated separators, preheaters,
reboiler, pumps, compressors/blowers, crystallizers, etc.,
will be most desirable. Other modifications will be
readily appreciated without departing from the scope of

the invention.

Although the embodiments of the invention have been
described above, it is not limited thereto and it will be
apparent to those skilled in the art that numerous

modifications form part of the present invention insofar
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as they do not depart from the spirit, nature and scope of
the claimed and described invention.
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Claims:

1. A method of recovering energy for treating water used
in heavy oil recovery in a reservoir containing heavy oil
and water comprising in combination, the steps of:

a) providing a water feed stream;

b) treating said water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating said

steam fraction and said liquid fraction;

d) separating said steam fraction and said liquid
fraction;
e) providing an oil-water separator and a water

distillation apparatus;

£) injecting said reservoir with said steam
fraction;
g) depressurizing heavy o0il, produced water and

steam exiting from said reservoir;
h) transferring energy contained in said steam by
flashing to said water distillation apparatus; and

i) separating said heavy o0il and produced water.

2. The method as set forth in claim 1, wherein said
water feed stream comprises ground source water, formation

water or produced water.

3. The method as set forth in claim 1, wherein said

heavy o0il has an API index of 7° to 20°.
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4. The method as set forth in claim 1, further including
the step of providing thermal energy contained in said

liquid fraction to said water distillation apparatus.

5. The method as set forth in claim 4, further including
the step of treating said produced water with said water

distillation apparatus.

6. A method of recovering energy for treating water used
in heavy oil recovery in a reservoir containing heavy oil
and water comprising in combination, the steps of:

a) providing a water feed stream;

b) treating said water feed stream to generate a
steam fraction and a liquid fractionm;

c) providing a steam separator for separating said

steam fraction and said liquid fraction;

d) separating said steam fraction and said liquid
fraction;

e) providing a degassing separator;

£) providing an oil-water separator;

g) injecting said reservoir with said steam
fraction;

h) generating heavy oil, produced water and waste
steam;

i) flashing said waste steam in said degassing
separator;

3) collecting said heavy oil and produced water in

said oil-water separator;
k) separating said heavy oil and produced water

from said oil-water separator;
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1) providing thermal energy contained in at least
one of said produced water and waste steam from step h),
said liquid fraction from step b) or said waste steam from

step i) to a distillation apparatus;

m) conditioning produced water from step h); and
n) storing conditioned and distilled water.
7. The method as set forth in claim 6, wherein said

water stream comprises ground source water, formation

water or produced water.

8. The method as set forth in claim 6, further including
the step of providing a heat exchanger means and a heat
transfer medium for heat transmission to said distillation

apparatus received from step 1).

9. The method as set forth in claim 6, wherein said

heavy oil from step h) has an API index of 7° to 20°.

10. The method as set forth in claim 6, wherein said
heavy o0il recovery comprises steam assisted gravity drain

(SAGD) recovery.

11. The method as set forth in claim 6, wherein said
heavy o0il recovery comprises cyclic steam stimulation

(CSS) recovery.

12. The method as set forth in claim 6, wherein said
heavy o0il recovery comprises steam and gas pushed (SAGP)

recovery.
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13. A method of recovering energy for treating water used
in heavy oil recovery in a reservoir containing heavy oil
and water comprising in combination, the steps of:

a) providing a water feed stream;

b) treating said water feed stream to generate a
steam fraction and a liquid fraction;

c) providing a steam separator for separating said

steam fraction and said liquid fraction;

d) separating said steam fraction and said 1liquid
fraction;
e) providing an oil-water separator and a water

distillation apparatus;

£) injecting the reservoir with said steam
fraction;

g) collecting heavy oil and produced water from the
reservoir in the oil-water separator;

h) separating said heavy oil and produced water
from the separator;

i) providing thermal energy contained in said steam
fraction to said water distillation apparatus;

3) recirculating excess thermal energy from step i)
for injection into said reservoir; and

k) treating produced water with said water

distillation apparatus.

14. The method as set forth in claim 13, wherein said
steam fraction in step i) has a pressure in eXxcess of

pressure required for injection into said reservoir.
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15. The method as set forth in claim 14, wherein said
steam fraction in step j) has a pressure suitable for

injection into said reservoir.

16. The method as set forth in claim 14, wherein said

pressure is between 1900 and 2400 psig.

17. The method as set forth in claim 15, wherein said

pressure is between 1200 and 1700 psig.

18. The method as set forth in claim 13, wherein thermal
energy from said 1liquid fraction is passed into a heat

exchanger for heating said water feed stream.

19. The method as set forth in claim 13, wherein said

heavy oil from step h) has an API index of 7° to 20°.

20. The method as set forth in claim 13, wherein said
heavy oil recovery comprises steam assisted gravity drain

(SAGD) recovery.

21. The method as set forth in claim 13, wherein said
heavy o0il recovery comprises cyclic steam stimulation

(CSS) recovery.

22. The method as set forth in claim 13, wherein said
heavy o0il recovery comprises steam ‘and gas pushed (SAGP)

recovery.
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23. A method of removing contaminants from a feed stream
containing contaminants used for heavy oil in a reservoir
containing heavy oil, comprising the steps of:

al providing a water feed stream;

b) heating said water feed stream in a heating step
in a heated separator to generate a vapor fraction and a
concentrate liquid contaminant fraction;

c) compressing, in a compressor, said wvapor
fraction to generate a temperature differential in a
reboiler exchanger;

d) controlling the temperature differential within
said reboiler exchanger and the concentrate temperature to
maintain nucleate boiling whereby a wetted surface is
maintained within said reboiler exchanger;

e) circulating at least a portion of said
concentrate through said reboiler exchanger and said
heated separator to maintain a ratio of mass of
concentrate to vapor fraction of between 300 and 2 to
result in a vapor fraction of less than 1% by mass to less
than 50% by mass exiting said reboiler exchanger;

f) condensing the vapor fraction and collecting a
distillate;

g) providing a steam generator;

h) generating high pressure steam in said steam
generator with said distillate;

i) providing a steam turbine in operative
connection with said compressor for driving said
compressor;

3) injecting exhaust steam from said steam turbine

into said reservoir;
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k) collecting heavy o0il and produced water from
said reservoir; and

1) separating heavy oil and produced water.

24, The method as set forth in claim 23, further
including the step of treating said produced water in

accordance with steps a) through f).

25. The method as set forth in claim 23, wherein said
steam fraction in step i) has a pressure in excess of

pressure required for injection into said reservoir.

26. The method as set forth in claim 25, wherein said

exhaust stream has a pressure of between 1200 and 1700

psig.

27. The method as set forth in «c¢laim 24, further
including the step of passing said exhaust stream into a
solids crystallizer for extraction of energy contained in
said exhaust stream to produce solid contaminants in said
crystallizer from non-volatile compounds present in said
concentrate liquid contaminant fraction and said vapour

fraction.

28. The method as set forth in claim 27, further
including the step of condensing volatile components from

said vapor fraction into a condenser.

29. The method as set forth in claim 27, wherein said

heavy o0il from step k) has an API index of 7° to 20°.
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30. The method as set forth in claim 23, further
including the step of reducing the pressure of said high

pressure steam prior to contact with said crystallizer.

31. A method of recovering energy for treating water used
in heavy oil recovery in a reservoir containing heavy oil
and water, substantially as Therein described, with

reference to or as shown in the accompanying drawings.

32. A method of removing contaminants from a feed stream
containing contaminants used for heavy oil in a reservoir
containing heavy oil, substantially as herein described,
with reference to or as shown in the accompanying

drawings.
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