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Evaporators have been used extensively in the mining and pulp and paper industries as means of
concentrating solids into a brine or recovering water from waste streams. In these applications,
the solid contaminants are generally soluble in water. However, the SAGD process can introduce
contaminants that are not normally present or in different concentrations as a result of injecting
steam into an underground reservoir that is recovered as hot water with the production fluids.
Oil and water soluble solids present in the reservoir may cause variances in produced water

quality at any given time, which can lead to operating problems in standard evaporator designs.
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too hlgh above the draw point, oil will accumulate and if falls below the draw nozzle, no liquid
flow will be drawn off and again oil will accumulate. The oil accumulated in the evaporator
sump causes excessive foaming. Antifoam chemicals are added to the feed water but it is not

adequate to deal with excessive foam caused by oil accumulation in the sump.

Evaporator internals consist of a demister pad between the evaporator sump and the compressor
inlet to remove fine water droplets, which is water washed with product distilled water on an
intermittent basis. Without the water washing, brine accumulates on the surface of the demister
pad resulting in excessive pressure drop at the compressor suction. A stream of distilled water

sprays on the top and the bottom of the demister to dissolve deposited scale.

KemeX has made an improvement in handling accumulated oil in the evaporator, in prior filed
United States provisional patent application 61/376,301 entitled A Water Evaporator for a Steam
Assisted Gravity Drainage (SAGD) Central Processing Facility (CPF) System the contents of

which is hereby incorporated by reference herein as if it was fully included hereinwith. This
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There are also some operational and safety opportunities for adapting the old technology to the

relatively new SAGD application. These opportunities include reducing the entrainment,
reducing the foaming and scaling, improving the oil skimming, and reducing the maintenance

and unexpected shutdowns.
Further and other aspects and objectives of the invention will become apparent to one skilled in
the art from a review of the detailed description of the preferred embodiments of the invention

illustrated and claimed herein

SUMMARY OF THE INVENTION

According to a primary aspect of the invention there is provided an evaporator system which is
specifically designed for oil sands service and is well suited to be modularized and portable for
use in one embodiment in Steam Assisted Gravity Drainage (SAGD) systems (or in any other

system requiring water treatment).

First Embodiment — Single Exchanger Configuration

This first embodiment of the system having:

A compact evaporator system for Steam Assisted Gravity Drainage (SAGD) systems

comprising:



d) a distillate tank collecting hot distilled water, e) a recircul ation
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According ty asdidhidmthardiaptiraBidystein fifiier congritiigon there is provided a
conpact evaporator system preferably for SAGD systens having: a) A first
heat exchanger i-havi S9HPEIEAT AeCting stegh dEe the b ckfiBRgEonventi on for reduced
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heat exchanger jii.b)a feciredaiim henp texiotiedvgerthhgontery ehdier summigfoviheldicat ube

t han convention for redéjced vapori zation rate per tube pass, having a sunp
. . . xchanger . . . ; ;

i ncl uding an oil §k|nn$ng weir and a recirculation punp recycling brine

f r om t hBusingrpperation, thé evapeaandyduaateceixeshaodyeed water fomahmppressoand makeadp ng
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collecting hot distilled water. During operation, the evaporator system
recei ves produced water fromthe process intqQ the su of the first
evapor attierabinthe sy$ay @E@‘%‘Paéf 018 ekiginalgrogkout gﬁumf wddge ng*tetr l'ﬂ?taﬂf)‘? {’eef?r.e tlf’ni S
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fed to Baﬁg Sfhed foy Ttﬁ%%eﬁ%‘%ﬂéjsu%%d%ﬁ&%ﬁ%h the evaporator system for disposal or
feed to another purification process. Preferably the silica level in the system is controlled by
means known in the art such as by pH adjustment or by addition of chemical solvents. Still

preferably the liquid hardness in the system is controlled by the brine blowdown rate.

Second Embodiment — Parallel Dual Exchanger Configuration

A second embodiment of the invention there is provided a compact evaporator system for
preferable use in SAGD systems. The compact evaporator system having:
A compact evaporator system for use in SAGD systems comprising:
a) two vertical heat exchangers including tubes with shorter length and larger diameter
then convention each equipped with a sump comprising an oil skimming weir;
b) acompressor circulating steam from each evaporator sump into both heat exchangers,
c) a compressor suction drum protecting the compressor from entrained liquid
contaminations,
d) adistillate tank collecting hot distilled water,
€) a recirculation pump circulating brine from the sumps of the evaporators to the heat

exchangers of the compact evaporators.
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b) A second heat exchanger having shorter and wider tube than convention for reduced

vaporization rate per tube pass, having a sump including an oil skimming weir and a
recirculation pump recycling brine from the sump into the second heat exchanger;

c) a compressor injecting steam into the first and second heat exchangers, a knock out
drum protecting the compressor from liquid contaminations and a distillate tank

collecting hot distilled water.

During operation, the evaporator system receives produced water from the process into the sump
of the first evaporator, and produces cleaned hot water for feed to the boiler. This way, the sump
of the first heat exchanger having a lower concentration of impurities and the sump of the second
heat exchanger having a higher concentration of impurities, with the blowdown from the first

sump being fed to the sump of the second heat exchanger.

Preferably the contaminants skimmed from the first sump are transferred into the sump of the
second heat exchanger, therefore keeping the impurities' concentration in the first heat exchanger
lower than the impurities' concentration in the second heat exchanger, to reduce the fouling in
the low concentration heat exchanger and reduce the boiling temperature of the brine in the first

heat exchanger and reducing the total power required for the evaporator compressor.
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bri ne toWOian/manage tank for offsrf’e di sposal or furrheErcAaOmeessng, i)

Using t . ' . cle
pack ¢ o heHeRy s sFnlebrihe oot ol B SRS PO BBRGEHRIL RERYC T 1
a scherrﬁt orc ainlddulstthatchiobe biulddnley pudicand sraflérofinr iranspbrtatiou ap e reth@e operatprg or

art. g)gre 2 is a schematic process flow diagramof the first enbodi ment

of the BG#%%nt invention. WD 2012/100319- 8 - PCT/ CA2011/ 000436 Figure 3 is
a schematic process flow diagramof the second enbodi rrent of the current

I nvention providing a conbination of two evgl orators, %ure 4 1is

schenat P8Il prederally. fe SRMPRtGVAPRTEPT SYRiem [HFSCH Frﬁ?ﬁ‘tg it 9L 3 W\?g‘ﬂi‘i on

provi degaWhkhbtughGeV @ﬁ%@kﬁ}fabl@' bhbélh@laseRBRENtisakimbled @Rd Fehssehmiblddr B 5 1S a
schematic Isonetric illustration of a nodul ar nobil e conpact evaporator

syst em smdahlecaivasnd enbodi nent i n nodul es.

According to another aspect of the invention there is provided a method for purification of water
using a compact evaporator system of claim 1, 6 or 8 comprising the steps of:

a) Introduction of produced water and make-up water into a sump of the compact
evaporator system,

b)  Collecting the residual water from the falling film heat exchanger into the sump,

¢) Pumping the liquid from the sump of the evaporator into the top of the tube side of
the falling film heat exchanger,

d) Collecting steam created in the evaporator sump on the tube side of the falling film
heat exchanger and routing this steam into the compressor suction drum and as
necessary a demister to collect all liquid contaminations into the sump,

e) Compressing the steam from the compressor suction drum and routing this higher
temperature and pressure steam to the shell side of the evaporator falling film heat
exchanger,

f)  Collecting the condensed steam from the shell side of the falling film heat exchanger
into the distillate tank,

g)  Skimming the top layer of the brine comprising oil and other impurities via the weir
positioned in the evaporator sump,

h)  Transfer of the skimmed brine to brine storage tank for offsite disposal or further
processing,

i) Using the distilled water tank to feed water to the boiler or to recycle back to the

evaporator sump.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of the process flow in the evaporator in prior art.

Figure 2 is a schematic process flow diagram of the first embodiment of the current invention.
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Figure 6 is a schematic illustration of a single module of a mobile evaporator unit positioned on a

truck.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Key Features
The key features to proposed KemeX’s solution include:

*  Using a compact modular evaporator design for small facilities, and suitable for
larger facilities.

*  For smaller facilities, capable of being transported and potentially relocated by truck.

*  Higher capacity for a given module size constraint.

= Ability to increase the diameter of the shells and shorten the tube length for a given
capacity. The resulting higher water circulation rate per tube reduces the potential of
silica and hardness precipitation.

. Using a highly functional oil skimmer design to eliminate oil build-up and reduce the
number and severity of foaming incidents.

*  Circulating the saline water in higher rate through shorter tubes.

*  Utilizing a standard compressor knock-out drum to prevent contaminated water
carryover entering the compressor (standard design and use for protecting large and
small compressors from liquid carryover). This also minimizes the distilled water
wash on a demister pad and hence increases the net production of distillate.

. Enlarging the distillate tank.

*  Constructing the unit of more standard equipment types.
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*  The design overall is more easily modularized than typical designs.

General Description-Single Exchanger Configuration

A preferred solution is to use a shorter heat exchanger, a smaller evaporator vessel, an external
demister vessel, an effective oil skimmer and a bigger flash drum. The distilled water will be

obtained with a smaller modularized and portable evaporator as seen in Figure 2.

The feed water, consisting of produced water and make-up water, flows to the sump of the
Evaporator. Brine is re-circulated from the Evaporator sump by the Recirculation Pumps
through the tube side of a falling film Evaporator. The vaporization rate per tube pass due to the
shorter tubes shorter relative to typical falling film evaporators in SAGD water treatment service,
which will reduce the likelihood of scaling on the tube surface. A small portion of the water will

evaporate in the tubes.

In the proposed design, an external Compressor Suction Drum is used to remove any entrained
water droplets in the steam drawn from the evaporator sumps before the vapours enter the
Compressor. This suction drum is a standard suction drum common to compressors. This

design replaces the current combined falling film evaporator with an integrated large diameter
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Gener a Cripti - Parall el Dual Exchanger Design
Ifoulaﬁg, overflowHhe weir and are rf:move(i?l by the brine p?umps. Brine can also be removed at the

discharge of the Brine Recirculation Pumps if necessary on an intermittent basis.

One of the unique problems associated with SAGD evaporators is the high level of silica and
hardness in the feed water resulting from the steaming of bitumen from oil sands, and the
resulting tendency for the silica and other dissolved solids to precipitate and foul the heat transfer

surface in the evaporator. The KemeX evaporator design will use an integrated pH control and
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The effective oil skimmer design, using a weir in the Evaporator Sump, eliminates oil
accumulation and excessive foaming. This will dramatically reduce the probability of foam
overflowing or being entrained into the Evaporator Compressor where it could cause vibrations,
scaling and eventually damage to the compressor. As a result, the KemeX design will reduce the

number of unexpected shutdowns and the inherent risk of the design will decrease.
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brine in the sunp conprises accunul ated oil and inpurities is being skimred
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the distilled water can be directly pumped to the downstream consumer (the boiler). Moreover,

the heat in the water can be conserved. If there is a decrease in the boiler rate, there is more
capacity to temporarily hold up distillate in the Distillate Tank and adjust the evaporator
throughput rather than diverting produced distillate to a storage tank while the Evaporator is

adjusted. This will increase the overall efficiency of the system.

Overall this design will be more easily modularized and transported for small scale SAGD
facilities. The use of relatively shorter tubes in the Evaporator Exchanger reduces the height of
the exchanger bundle. Together the Evaporator Exchanger and Evaporator Vessel will be a
smaller diameter and height than typical evaporator exchanger and sump vessel designs. This
will facilitate the construction of a module that can be shipped on its side to a remote site. The
other pieces of equipment, including the Evaporator Vapour Compressor, the Distillate Vessel
and the Evaporator Demister Vessel, can be included on other modules with other SAGD system

equipment to achieve an optimal modularized layout.

The current design is based on the design of falling film exchangers. In this case, maximum
height is set by the need to not precipitate out solids when evaporating water from the brine in
each tube. As the tube gets longer, one need more water per tube to ensure the concentration of
dissolved solids (silica and hardness) at the bottom of the tube wouldn’t precipitate out. With a
given diameter of tube, there is a practical limit where the vapour flow down the tube will cause
dry areas and precipitation inside the tubes. We are using the existing design to set the
maximum height of a tube. The minimum height of the tube is set by the ability to evenly
distribute brine to each of the tubes, the maximum diameter the exchanger can be made, and the

transportable diameter that can be transported.

As many changes can be made to the preferred embodiment of the invention without departing



fromsaid sunp is controlled by pH adjustnent or by addition of chem cal
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| engt heapebnliat 8RMotlinaMBhiihg §AgN convention each equi pped with a sunp
conprising an oil skimming weir; WD 2012/100319- 16 PCT/CA2011/000436 b)

a conpressor circulating st eam from each evaporat or sunp into both heat
exchangers, c) a conpressor suction drumprotecting the conpressor from
entrained [iquid contam nations, d) a distillate tank collecting hot
distilled water, e) a recirculation punp circulating brine fromthe sunps
of the evaporators to the heat exchangers of the conpact evaporators;
wherein the conpact evaporator systemreceives produced water fromthe SAGD
process and nmake-up water into the sunps of the evaporators and provides

cl eaned hot water of suitable quality to feed a boiler.
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and produces cleaned hot water suitable for feed water to a boiler.

2. The compact evaporator system of claim | further comprising an external demister

located before the compressor to protect the compressor from liquid contamination.

3. The compact evaporator system of the claim 2 wherein a brine in the sump comprises
accumulated oil and impurities is being skimmed by the weir in the sump and removed from the

evaporator system for disposal or another purification process.

4, The compact evaporator system of claim 3 wherein a silica level in a circulating liquid

from said sump is controlled by pH adjustment or by addition of chemical solvents.

5. The compact evaporator system of claim 4 wherein a hardness level in the circulating

liquid is controlled by adjustment of brine blowdown rate.

6. A compact evaporator system for use in SAGD systems comprising:
a)  two vertical heat exchangers including tubes with shorter length and larger
diameter then convention each equipped with a sump comprising an oil skimming

welir;
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to feed water to the boiler or to recycle back to the evaporator sunp.

7. The system of the claim 6 wherein the brine comprising accumulated oil and impurities is
being skimmed by the weir in each sump and removed from the evaporator system for disposal

or further purification.

8. A compact evaporator system for SAGD systems comprising:

a) A first heat exchanger having shorter and wider tube than convention for reduced
vaporization rate per tube pass, having a sump including an oil skimming weir and
a recirculation pump recycling brine from the sump into the first heat exchanger;

b) A second heat exchanger having shorter and wider tube than convention for
reduced vaporization rate per tube pass, having a sump including an oil skimming
weir and a recirculation pump recycling brine from the sump into the second heat
exchanger;

¢) acompressor injecting steam into the first and second heat exchangers, a knock out
drum protecting the compressor from liquid contaminations and a distillate tank
collecting hot distilled water,

whereby the evaporator system receives produced water from the SAGD process into the sump
of the first evaporator and provides cleaned hot water to the boiler, wherein the sump of the first
heat exchanger has a lower concentration of impurities and the sump of the second heat
exchanger has a higher concentration of impurities to increase capacity of the evaporator system

or reduce compressor loading.

9. The compact evaporator system of claim 8 wherein the contaminants skimmed from the

first evaporator sump are transferred into the sump of the second evaporator, thereby keeping the
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impurities' concentration in the first heat exchanger lower than the impurities' concentration in

the second heat exchanger, to reduce the fouling in the first heat exchanger.

10.  The compact evaporator system of claims 1, 6 or 8 adapted in size to fit on modules that

can be transported by truck and trailer to a remote operating location.

11.  The compact evaporator system of claim 10 adapted to be part of a modular transportable

SAGD system capable of being assembled, disassembled and reassembled in remote locations.

12. A method for purification of water using a compact evaporator system of claim 1, 6 or 8

comprising the steps of:

a)

b)
¢)

d)

e)

g)

h)

Introduction of produced water and make-up water into a sump of the compact
evaporator system,

Collecting the residual water from the falling film heat exchanger into the sump,
Pumping the liquid from the sump of the evaporator into the top of the tube side of
the falling film heat exchanger,

Collecting steam created in the evaporator sump on the tube side of the falling film
heat exchanger and routing this steam into the compressor suction drum and as
necessary a demister to collect all liquid contaminations into the sump,
Compressing the steam from the compressor suction drum and routing this higher
temperature and pressure steam to the shell side of the evaporator falling film heat
exchanger,

Collecting the condensed steam from the shell side of the falling film heat
exchanger into the distillate tank,

Skimming the top layer of the brine comprising oil and other impurities via the weir
positioned in the evaporator sump,

Transfer of the skimmed brine to brine storage tank for offsite disposal or further
processing,

Using the distilled water tank to feed water to the boiler or to recycle back to the

evaporator sump.



