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(57) Abréegée/Abstract:

The present method produces treated water from a direct steam generator. The method begins by injecting water into a direct
steam generator. The Injected water Is then vaporized with the direct steam generator to produce steam and an effluent stream.
The combustible water impurities in the water are then combusted inside a chamber In the direct steam generator and the solid
particles are removed from the effluent stream to produce a treated stream.
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O solid particles are removed from the ef’

into a direct steam generator. The injected water 1s then vaporized with the direct steam generator to produce steam and an eftluent
stream. The combustible water impurities m the water are then combusted mside a chamber mn the direct steam generator and the
Tuent stream to produce a treated stream.
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WATER TREATMENT USING A DIRECT STEAM GENERATOR

FIELD OF THE INVENTION

[0003] A method for removing contaminates from a direct steam generator.
BACKGROUND OF THE INVENTION

[0004]  Conventional, oil recovery involves drilling a well and pumping a mixture of oil
and water from the well. Oil is separated from the water and the water is usually injected into
a sub-surface formation. Conventional recovery works well for low viscosity oil. However,

conventional oil recovery processes do not work well for higher viscosity, or heavy, oil.

[0005] Enhanced oil recovery processes employ thermal methods to improve the
recovery of heavy oils from sub-surface reservoirs. The injection of steam into heavy oil
bearing formations is a widely practiced enhanced oil recovery method. Typically, several
tonnes of steam are required for each tonne of oil recovered. Steam heats the oil in the
reservolr, which reduces the viscosity of the oil and allows the oil to flow to a collection
well. After the steam'fully condenses and mixes with the oil the condensed steam is classified
as produced water. The mixture of o1l and produced water that flows to the collection well is
pumped to the surface. Oil is separated from the water by conventional processes employed

in conventional oil recovery operations.
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[0006] For economic and environmental reasons it 1s desirable to recycle the water used
in the steam injection. This 1s accomplished by treating the produced water and directing the

treated feedwater to a steam generator or boiler.

[0007] Several treatment processes are used for converting produced water into steam
generator or boiler feedwater. These processes typically remove constituents which form
harmful deposits in the boiler or steam generator. These water treatment processes used in
steam injection enhanced oil recovery typically do not remove all dissolved soﬁds, such as

sodium and chloride.

[0008] Water freatment 1s a necessary operation 1n heavy oil recovery operations. This 1s
because 1n order to recover heavy oil from certain geologic formations, steam is required to
increase the mobility of the oil in the formation. Traditionally, heavy oil recovery operations
have utilized "once through" type steam generators. The steam is injected via injection wells
to fluidize the heavy oil. Different percentages of water and steam can be 1njected into the
injection wells. The decision to vary the percentages of water and steam to be injected into
the injection well depend a variety of factors including the expected output of oil and the
economics of imjecting different water/steam mixtures. An oil/water mixture results, and the
mixture is pumped to the surface. Then, the sought-after oil is separated from the water and

recovered for sale.

[0009] The produced water stream, after separation from the oil, is further de-oiled, and
is treated for reuse. Most commonly, the water 1s sent to the "once-through" steam generators
for creation of more steam for o1l recovery operations. The produced water stream is
typically required to have less than about 8000 PPM TDS (as well as meeting other specific
constituent requirements) for re-use. Thus, in most cases, the recovered water must be treated
before it 1s sent to the steam generators. Normally, such treatment 1s initially accomplished
by using a warm lime softener, which removes hardness, and which removes some silica.
Then, an "after-filter" is often utilized, to prevent carry-over of any precipitate or other
suspended solids. For polishing, in a hardness removal step, a weak acid cation (WAC)

system 1s often utilized to simultaneously remove hardness and the alkalinity associated with

the hardness.
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[0010] A relatively new heavy oil recovery process, referred to as the Steam Assisted
Gravity Drainage heavy oil recovery process (the "SAGD" process), ideally utilizes 100%
quality steam for injection into wells (i.e., no liquid water). Initially, water utilized for
generating steam in such operations can be tréated much the same as in the just discussed
traditional heavy oil recovery operations. However, in order to produce 100% qualify steam
using a once-through type steam generator, a series of vapor-liquid separators are required to
separate the liquid water from the steam. The 100% quality steam 1s then sent down the well

and injected into the desired formation.

[0011] Another method for generating the required 100% quality steam involves the use
of packaged boilers. Various methods are well known for producing water of sufficient water
to be utilized in a packaged boiler. One method which has been developed for use in heavy
oil recovery operations involves de-oiling of the produced water, followed by a series of
physical-chemical treatment steps. Such additional treatment steps normally include such
unit operations as warm lime softening, after-filtration, organic traps, pre-coat filters or
ultrafiltration, reverse osmosis, and mixed bed demineralization. Such a physical-chemical
treatment system may have a high initial capital cost, and generally involves significant
ongoing chemical costs. Moreover, there are many waste streams to discharge, involving a
high sludge disposal cost. Further, where membrane systems such as ultrafiltration or reverse
osmosis are utilized, relatively frequent membrane replacement 1s encountered, at significant
additional cost. Also, such processes can be quite labor intensive to operate and to maintain.
Therefore, it 1s clear that the development of a simpler, more cost etffective approach to

produced water treatment as necessary for packaged boiler make-up water would be

desirable.

[0012] In summary, the currently known and utilized methods for treating heavy oil field
produced waters in order to generate high quality steam for down-hole are not entirely
satisfactory because: most physical chemical treatment systems are quite extensive, are
relatively difficult to mainfain, and require significant operator attention; they often require
liquid-vapor separation equipment, which adds to equipment costs; a large quantity of
unusable hot water 1s created, and the energy from such water must be recovered, as well as

the water itself, in order to maintain an economic heat and material balance in plant
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operations; they require large amounts of expensive chemicals, many of which require
special attention for safe handling, and which present safety hazards if mishandled; the
treatment train produces fairly substantial quantities of undesirable sludges and other waste
streams; the disposal of waste sludges and other waste streams i1s increasingly difficult, due

to stringent environmental and regulatory requirements.

[0013] Thus, it can be appreciated that it would be advantageous to provide a new
process which minimizes the production of undesirable waste streams, while minimizing the
overall costs of owning and operating a heavy oil recovery plant by eliminating the water

treatment system and conventional boilers with a single system.
SUMMARY OF THE INVENTION

[0014] The present method produces treated water from a direct steam generator. The
method begins by injecting water into a direct steam generator. The 1njected water 1s then
vaporized with the direct steam generator to produce stecam and an effluent stream. The
combustible water impurities in the water are then combusted inside a chamber in the direct

steam generator and the solid particles are removed from the effluent stream to produce a

treated stream.

[0015] In an alternate embodiment the present method also begins by injecting water into
a direct steam generator. The injected water is then simultaneously vaporized with the direct
steam generator to produce steam and an effluent stream while combusting the combustible
water impurities in the injected water inside the direct steam generator. Additional water is
then sprayed into the direct steam generator such that the effluent stream 1s oversaturated to
produce a two-phase effluent stream comprising a gaseous phase and an aqueous phase that
contains the water-soluble impurities in the effluent stream. The aqueous phase containing
the water-soluble impurities are then separated trom the effluent stream of the direct steam

generator 1n a phase separation vessel to produce a treated stream.
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In accordance with one aspect of the present invention, there 1s provided a method
comprising: a)injecting water nto a direct steam generator; b) simultaneously
vaporizing the injected water with the direct steam generator to produce steam while
combusting combustible water impurities in the injected water inside the direct steam
generator; ¢) spraying additional water into the direct steam generator without prior
removal of solid particles such that output is oversaturated to produce a two-phase
effluent stream comprising a gaseous phase and an aqueous phase that contains
water-soluble 1mpurities 1n the etfluent stream; and d) separating the aqueous phase
containing the water-soluble impurities from the effluent stream of the direct stcam

generator in a phase separation vessel to produce a treated stream.

4a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention, together with further advantages thereof, may best be understood
by reference to the following description taken in conjunction with the accompanying

drawings.

[0017] Figure 1 depicts an application of the direct steam generator in a heavy oil

extraction.
[0018] Figure 2 depicts a flow diagram depicting the steps of the direct steam generator.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present method produces treated water from a direct steam generator. The
method begins by injecting water into a direct steam generator. The injected water is then
vaporized with the direct steam generator to produce steam and an effluent stream. The
combustible water impurities in the water are then combusted inside a chamber in the direct
steam generator and the solid particles, suspended 1n the original water stream and formed
from the dissolved water-soluble impurities, are removed from the effluent stream to produce

a treated stream.

[0020] The direct steam generator is able to produce high quality steam with lower
quality water since combustible water impurities in the water are combusted and the solid
particles can be removed from the effluent. Therefore the direct steam generator when used
in combination with heat-assisted heavy oil production can replace both the water treatment
and steam generation systems resulting in substantial cost savings compared to conventional

heavy oil facilities.

[0021] As known to those skilled in the art a variety of different direct steam generators
can be utilized for this method. One example of a direct steam generator that can be utilized
is an oxycombustion device that burns natural gas and oxygen in a pressurized chamber, with
water injected into the system to cool the chamber as it vaporizes to steam. The products of a

direct steam generator are primarily water, both from the combustion of natural gas and the
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vaporization of the injected cooling water, and CO, from the combustion of natural gas.
Another type of direct steam generator that can be used i1s one that has an oxycombustion
device that burns a hydrocarbon fuel with oxygen at pressurized conditions, with water
injected into the device to cool the combustion chamber and the effluent gas. The injected
water vaporizes to steam which adds significantly to the combustion water vapor created, and
the total effluent stream is about 80-95 wt % steam with the balance being primarily

carbonaceous combustion products such as carbon dioxide.

[0022] In one embodiment the direct steam generator i1s used during heavy oil extraction.
During heavy oil extraction steam is required to increase the mobility of the sought after oil
within the formation. Figure 1 depicts an embodiment wherein the direct steam generator i1s
used in conjunction with heavy oil extraction. In this figure high quality steam is injected
downhole 14. The quality steam i1s at least 80% but can be as high as 100% steam. The
steam is then injected downhole via steam injection wells 16 to fluidize as indicated by
reference arrows 18, along or in combination with other injections, the heavy oil formation

20, such as oils 1n tar sands formations.

[0023] Figure 1 only depicts the typical vertical design of the steam injection well 16

however different commonly known designs for the steam injection well can be used.

[0024] In this embodiment steam 14 eventually condenses and an oil/water mixture 22
results that migrates through the formation 20 as indicated by reference arrows 24. The
oil/water mixture 22 is gathered as indicated by reference arrows 26 by oil/water gathering
wells 30 and i1s pumped to the surface. Then, the sought-after o1l 1s sent to an oil/water
separator 32 in which the oil product 34 separated from the water 35 and recovered for sale.
The produced water stream 36, after separation from the oil, can be further de-oiled in a de-
oiling process step 40, normally by addition of a de-oiling polymer 42, which de-oiling
process usually results in waste oil/solids sludge 44. The de-oiled produced water stream 46

would then be further treated for reuse.

[0025] The direct steam generator 48 can receive the produced water stream 46, either
with or without the de-oiling step, and external water 50. In an alternate embodiment the

water stream can be produced water from the reservoir, or external water, or water from
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another stream in the SAGD facility. The external water can be either salt water or desalted
water. When the water 1s injected into the direct steam generator it 1s vaporized to produce
steam 14 and an effluent stream 54. Inside the direct steam generator 48 the combustible
water impurities are combusted inside a chamber and the solid particles 58 are removed from
the effluent stream to produce a treated stream 56. This treated stream 56 can be optionally

used 1n the direct steam generator 48 to produce steam 14.

[0026] The combustible water impurities that can be combusted inside the direct steam
generator include all typical types of combustible impurities typically found in heavy oil such

as tar, gas, oil, dioxins, nitrogen and organometallic compounds.

[0027] In one embodiment the removal of the solid particles from the effluent stream are

done by spraying additional water into the direct steam generator such that the effluent .
stream is oversaturated to produce a two-phase effluent stream comprising a gaseous phase
and an aqueous phase that contains the water-soluble impurities in the effluent stream. A
phase separation vessel 1s then used to remove the impurities in the aqueous phase to produce

a treated stream.

[0028] A variety of different phase separation vessels can be used to remove the solid
particles, one particular embodiment involves a cyclone or a cyclonic type device. The
cyclone used can be any conventional known cyclone wherein use is made of the difference
in specific gravity between the various parts forming the mixture. As the effluent stream
enters the cyclone the swirling of the cyclone gradually imposes rotation to the multi-phase
mixture. The heavier contaminates are flung from the cyclone as waste material while the

lighter fluid flow out of the cyclone to become treated water.

[0029] In another embodiment the phase separation vessel can be a knock-out pot for
removing the liquid from the two-phase effluent stream. The knock-out pot can have a

demister pad to remove entrained liquid droplets from the two-phase effluent stream.

[0030] The contaminates that can be removed from the effluent stream includes but is not
limited to NaCl, Ca, Mg, Na, K, Fe", Mn", Ba™, St™%, SOQs, Cl, F, NO3;, HCO;, CO3, POy,

Si0,.. A typical untreated concentration total for all the above contaminates is 1,000 to
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10,000 mg/liter. The two dominant contaminates are typically Na+ and Cl-, which would

form solid NaCl crystals after complete vaporization of all the water inside the direct steam

generator.

[0031] Figure 2 depicts a flow diagram of one embodiment of the method. In this flow
diagram the first step is to inject water into a direct steam generator 100. The rate of flow

into the direct steam generator would be dependent upon the untreated water needing to be

filtered. Within operational range of the direct steam generator the effectiveness would not

depend upon the amount of untreated water injected into the direct steam generator.

[0032] The second step involves simultaneously vaporizing the injected water with the

direct steam generator to produce steam an effluent stream while combusting the combustible

water impurities in the injected water inside the direct steam generator 102.

[0033] The third step involves spraying additional water into the direct steam generator
such that the effluent stream is oversaturated to produce a two-phase effluent stream

comprising a gaseous phase and an aqueous phase that contains the water-soluble impurities

in the effluent stream 104.

[0034] The tourth step involves separating the water-soluble impurities from the effluent

stream of the direct steam generator in a phase separation vessel to produce a treated stream

106.

[0035] The preferred embodiment of the present invention has been disclosed and
tHustrated. Those skilled in the art may be able to study the preferred embodiments and
identity other ways to practice the invention that are not exactly as described herein.
The scope of the claims should not be limited by the preferred embodiments set forth in

the examples, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS:

1. A method comprising:
a) 1njecting water into a direct steam generator;

b) simultaneously vaporizing the mjected water with the direct steam generator
to produce steam while combusting combustible water impurities in the injected

water inside the direct steam generator;

¢) spraying additional water into the direct steam generator without prior
removal of solid particles such that output is oversaturated to produce a
two-phase effluent stream comprising a gaseous phase and an aqueous phase that

contains water-soluble impurities in the effluent stream; and

d) separating the aqueous phase containing the water-soluble impurities from the
effluent stream of the direct steam generator in a phase separation vessel to

produce a treated stream.

2. The method of claim 1, wherein the separating the aqueous phase from the

two-phase etfluent stream 1s performed by a cyclone or a cyclonic device.

3. The method of claim 1 or 2, wherein the treated stream is recycled as spraying
water.
4. The method of any one of claims 1 to 3, further comprising vaporizing the treated

stream that has had solids removed and injecting resulting steam 1n a steam

injection well of a steam assisted gravity drainage system.

5. The method of any one of claims 1 to 4, wherein the combustible water

impurtties comprise oil impurities, natural gas and combinations thereof.
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The method of any one of claims 1 to 3, further comprising injecting the gaseous
phase from the direct steam generator in a steam injection well of a steam gravity

drainage operation.

The method of any one of claims 1 to 6, wherein the phase separation vessel 1s a

knock-out pot for removing liquids from the two-phase effluent stream.
The method of any one of claims 1 to 6, wherein the phase separation vessel 1s a
knock-out pot with a demister pad to remove entrained liquid droplets from the

two-phase effluent stream.

The method of any one of claims 1 to 8, further comprising removing sohds from

the aqueous phase.

10
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INJECTING WATER INTO A DIRECT
- STEAM GENERAIOR

SIMULTANEOQOUSLY VAPORIZING THE
INJECTED WATER TO PRODUCE
STEAM AND EFFLUENT STREAM

WHILE COMBUSTING THE

COMBUSTIBLE WATER IMPURITIES

IN THE INJECTED WAITER

SPRAYING ADDITIONAL WATER INTO
THE DIRECT STEAM GENERATOR
SUCH TO PRODUCE A TWO-PHASE
EFFLUENT STREAM COMPRISING A
GASEOUS PHASE AND AN
AQUEOUS PHASE

SEPARATING THE WATER—-SOLUBLE

IMPURITIES FROM THE EFFLUENT

STREAM TO PRODUCE A TREATED
STREAM
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