
WO 98/55240PCT/EP98/03488 BEEN  REMEDIATION METHOD FIELD OF THE INVENTION
The invention relates to an in situ thermal desorption process for
remediation of volatile contaminates. 5BACKGROUND TO THE INVENTION
Thermal desorption methods to remove volatile contaminates from soils in
situ are suggested in, for example, U.S. patents Nos. 4,973,811, 5,076,727,
5,152,341, 5,190,405, 5,193,934, 5,221,827, and 105,271,693. Methods of
applying heat include microwave and radio frequency electrical power along
with resistance heating between electrodes; injection of hot gases, and
conduction of electricity through the soil. Conductive heat transfer from
heat injection wells are 15suggested in, for example, U.S. patents Nos.
5,190,405 and 5,271,693. U.S. patent No. 5,271,693 suggests a heater well
through which vapours are extracted from the formation. These methods
generally rely on maintenance of a low 20pressure at the surface or at a
vapour extraction wellbore to control movement of contaminates from their
initial position to a point where they can be recovered. Because of the
relatively large pressure differential needed to cause flow of a
significant flux of vapours 25through soil, only low heating rates can be
applied by these methods or pressure will be created at the point where
vaporized contaminates exist sufficient to cause the vaporized contaminates
to move away from the initially contaminated soil in directions other than
the 30 direction in which removal of contaminates is provided 



for. It is therefore an object of the present invention  TH:3 SHEET HAS
BEEN WO 98/55240REPLACEDPCT/EP98/03488 - 2 - to provide a method to remove
contaminates from a contaminated soil by in situ heating wherein the
vaporized contaminants do not move downward from the contaminated soil.
5SUMMARY OF THE INVENTION  This and other objects are accomplished by a
method to remove volatile liquid contaminates from a contaminated volume of
earth, the contaminated volume lying above a non-contaminated layer of
earth, the method 10comprising the steps of: penetrating the contaminated
volume with at least one wellbore so that a wellbore penetrates the
contaminated volume and at least one wellbore penetrates the
non-contaminated layer; applying heat from the wellbore within the
non-contaminated layer . 15to the non-contaminated layer until the
temperature of a substantial portion of the non-contaminated layer that is
contiguous with the contaminated layer is at least the boiling point
temperature of contaminated liquids; and applying heat from the wellbore
within the contaminated 20volume to the contaminated volume wherein the
temperature of the contaminated volume rises to the boiling point of
contaminated liquids after a substantial portion of the non-contaminated
layer that is contiguous with the contaminated layer is about the boiling
point of the 25contaminated liquids.      The wellbores preferably
vertically penetrate the contaminated soil and are perforated to provide
for removal of vapours generated within the contaminated soil through the
wellbores. It has been surprisingly found 30that when a layer of soil below
the contaminated volume is heated to prevent condensation of contaminates
below the contaminated soil, when the contaminates in the contaminated
volume are vaporized, they do not move downward, but are forced toward the
surface or perforated 35wellbores for recovery.  WO 98/55240PCT/EP98/03488 



- 3 - DESCRIPTION OF A PREFERRED EMBODIMENT       This invention addresses
a problem of containment of contaminants that are vaporized in thermal
remediation processes. It has been found that heating a layer of 5soil
below the contamination prior to elevating the temperature of the soil to
be decontaminated to about the boiling point of liquids in the contaminated
soil, effectively blocks movement of vapours downward. The volatile
contaminates which may be removed from 10contaminated soils by the method
of the present invention are a wide variety of contaminates. Contaminates
that are typically considered to be volatile, such as gasoline, can be
remediated by the present invention, but much heavier hydrocarbons and
higher temperature boiling 15point materials can also be volatilized and
removed by the present invention. For example, polyclorinated biphenyls
("PCBs"), mercury, and heavy oils produced by manufactured gas plants can
be removed as vapours by the present invention. Even where temperatures do
not reach 20the normal boiling points of these materials, water vapour will
be generated and even a limited vapour pressure of the contaminate will
result in removal of the contaminate with sufficient amounts of steam. The
wellbores of the present invention can be cased 25and cemented wellbores
such as are utilized in the oil industry, but such elaborate wells may not
be justified in most applications. A shallow casing to ensure that clean
overburden is not contaminated by vapours being removed from the formation
may be provided. When the 30wellbore is cased to the bottom of the
borehole, it may be perforated according to methods well known in the oil
industry. Wellbores may be vertical, horizontal, or angled between vertical
and horizontal.                 Heat can be imparted to the contaminated
volume, and 35preferably to the layer of non-contaminated soil below
W098/55240PCT/EP98/03488 



- 4 - the volume of contaminated soil, by conduction from the wellbore.
Wellbore heaters useful for heating the wellbore to provide heat for
conduction into the formation are known. For example, gas fired wellbore
5heaters are taught in U.S. patents Nos. 2,902,270, and 3,181,613,
incorporated herein by reference. Electrical wellbore heaters are disclosed
in, for example, U.S. patent No. 5,060,287, incorporated herein by
reference. A preferred gas fired wellbore heater is disclosed in, 10for
example, U.S. patent No. 5,255,742, incorporated herein by reference.
Heat is applied to the contaminated volume by conduction, and is preferably
applied from a wellbore which also serves as a source of suction to remove
. 15contaminate containing vapours from the wellbore. In this preferred
embodiment, vaporized contaminates are therefore transported from the
formation directly to the wellbore for recovery without the possibility
that they are transported to cooler soil where the contaminates 20could
condense, causing an increased concentration of contaminates where
condensation occurs.      The non-contaminated layer can optionally be
heated by injection of hot fluids such as steam, combustion gases, or
heated nitrogen. 25As heat is applied to the soil, little generally happens
until vapour is generated by the heat. If the contaminates are light
volatile components (normal boiling points less than the boiling point of
water), such as gasoline, the vapours initially generated will 30contain
relatively high concentrations of contaminates. Heavier contaminates will
be vaporized as steam is generated from water present in the soil due to
the vapour pressure of the heavy contaminates in the steam. The lower the
pressure can be maintained in the 35contaminated soil, the higher the
concentration of the  - 5 - heavy contaminants in the vapour will be, thus,
less heat will need to be injected to vaporize the contaminates. If the
contaminates are immiscible with water, then steam will be generated at
about the boiling point of water at 5the pressure within the soil at that
point. Contaminated 



soil can be heated prior to the non-contaminated layer reaching a
temperature of the boiling point of contaminated liquids, but the
temperature of the contaminated volume should remain below the boiling
point 10of the liquids in the contaminated zone in order to prevent
vaporization (and therefore movement) of contaminates prior to the layer of
non-contaminated soil reaching such a temperature. Wells according to the
present invention can be 15horizontal or vertical wells. Vertical wells
preferably extend through the contaminated volume and into a
non-contaminated layer below the contaminated volume. The depth below the
contaminated volume is selected considering the distance between the wells.
Typically,  20 about one third of the distance between the wells will
provide sufficient wellbore below the contaminates to provide for heat
injection to the non-contaminated layer.  In a preferred embodiment of the
present invention, the wells provide a conduit for removing vaporized
material 25from the formation, and as a location for the heaters. A
negative pressure is preferably maintained within the casing to evacuate
the contaminants from the soil. Two heater elements can be provided in each
casing, one within the contaminated volume and one within the layer 30below
the contaminated volume. Heater elements can provide heat through the
contaminated volume and can optionally extend into the non-contaminated
layer below the contaminated volume. Optionally, a second heater element
can provide heat in the portion of the wellbore 35below the contaminated
volume. One heater element could  WO 98/55240PCT/EP98/03488 - 6 - be
provided if the element is designed to provide greater heat release
(typically about 50% more heat per unit length) below the contaminated
volume so that a temperature of about the boiling point of the liquids in
5the layer below the contaminated volume is reached in the contaminated
volume prior to such a temperature being reached in the contaminated
volume. This may be accomplished by providing a heater element having
different element diameters. For example, a nicrome wire 10heating element
could be used, the element having a 0.32 cm diameter in the contaminated
zone, and a 0.26 cm diameter in the non-contaminated zone. It is preferred
that separate heaters be provided because providing such difference in heat
flux throughout the remediation would 



15not be energy efficient, and could significantly limit heat flux into the
contaminated region because of casing temperature limitations. Also, when
separate heaters are utilized, the heater in the layer below the
contaminated zone could be turned on first, and then turned off at 20least
a portion of the time the other heater is utilized to reduce energy costs.
The casing could be insulated in the overburden, or could be equipped with
additional heaters to ensure that contaminants from the vapours do not
condense in the casing. 25Electrical resistance heaters are discussed, but
other heater types could also be provided. Electrical heaters are
convenient to control and because they do not require flowlines within the
casing, leaving more room for flow of vapours from the contaminated soil.
30Additional wellbores equipped to insert heat and to remove vapours are
preferably provided in soil surrounding the contaminated volume in order to
ensure that contaminates do not move away from the initially contaminated
volume.  WO 98/55240PCT/EP98/03488 - 7 -      The contaminated volume is
shown as underneath an overburden, but if the soil is to be heated to the
surface, insulation can be provided above the surface. Further, if the
contaminated volume extends to near the  5 surface, it could be beneficial
to provide a vapour seal over the surface to prevent excessive amounts of
air from being pulled into the contaminated volume and to prevent escape of
contaminated vapours to the atmosphere. If the contaminated volume extends
to the surface, surface 10heaters could be provided apply heat from the
surface.      Vapours are preferably removed through wellbores extending
into the contaminated volume, and these vapours can then be treated to
remove contaminants by methods known in the art. For example, thermal
oxidizers can be 15provided to oxidize the contaminates, and then the
remaining vapour stream could be passed through carbon beds to collect
remaining contaminants and/or the oxidation products of the contaminants. A
blower will generally be provided to maintain a low absolute pressure
20within the wellbore and formation. Lower pressures are beneficial because
lower pressures decrease the temperatures at which water and contaminates
are vaporized in the contaminated soil. Subatomspheric pressures also
prevent vapours from escaping to the 25atmosphere. 



Patterns of heater and suction wells are preferably provided to provide
uniform heat to the contaminates soil, and reduce time required to finish
remediation of the contaminated soil. Triangular or square patterns may
30conveniently be provided. Distance between wells in square or triangular
patterns can be, for example, 0.9 to 6 m. This relatively close spacing is
preferable because heat transfer by conduction through the soil is
relatively slow.  W098/55240PCT/EP98/03488 - 8 -       In a similar manner,
if a layer of non-contaminated soil lies above the contaminated volume,
extra heat could be applied above the contaminated volume as well as below
the contaminated volume. This extra heat can be applied 5from a separate
heater or from heating elements designed to provide greater heat release in
the layer of non- contaminated soil above the contaminated soil.      The
pattern of heater-suction wells preferably extends past the periphery of
the contaminated soil.  10 Like the layer below the contaminated volume,
this ring surrounding the periphery of the contaminated volume is
preferably heated to about the boiling point of liquids in that ring prior
to heating the contaminated volume to above the boiling point of the
liquids in the . 15contaminated volume. Alternatively, the contamination
could be laterally contained by barriers such as metal sheeling driven into
the ground or barriers of cement or slurry poured in narrow trenches.
EXAMPLE  20The importance of heating a contaminated soil from below the
contaminated soil is demonstrated in a sand-packed glass column, with wet
sand loaded in a clean bottom layer, and a top layer that contains varying
amounts of oil of wintergreen (methyl salicylate) to 25model a contaminate
such as a PCB. The methyl salicylate is more dense than water and tends to
sink through the water. The apparatus consisted of a 7.6 cm inside
diameter, 91.5 cm long glass column. A.vacuum could be drawn on the top. A
slight vacuum (about 2.54 cm of 30water) was maintained at the top of the
column in order 



to remove vaporized oil of wintergreen. Heat was applied by wrapping
flexible heaters around the outside of the glass, wrapping 3.2 cm thick
insulation around the heaters. The heaters used were 17 ohm resistance
35heaters, 43 cm wide by 30.5 cm tall, and are available  WO
98/55240PCT/EP98/03488 - 9 - from Minco Products Inc., of Houston, Texas,
USA. One heater was wrapped around the section containing the oil of
wintergreen, and another heater was wrapped around the bottom section of
the column. In the examples of the 5present invention, the bottom heater
was turned on first, and the top heater was turned on after the temperature
of the clean sand reached the boiling point of the oil of wintergreen. In
comparative examples, C1-C3, the bottom heater was not used. In each
example, clean sand was 10placed in the bottom portion of the glass column
and another portion of sand was mixed with oil of wintergreen and placed on
top of the clean sand. Heating was continued until the temperature of the
sand reached about 250 C, the column was then cooled, and the concentration
15of oil of wintergreen in the sand at the top and bottom determined.
The Table summarizes the results of the examples 1-10 and comparative
examples Cl-C3. The initial oil content is the percent weight oil of
wintergreen in the top 20 cm 20of the column. The final top oil
concentration is the oil content of a sample from the top section of the
column after the top section was heated to about 250 C, and then cooled.
The final oil content of the bottom of the column is the maximum oil
concentration found in the 25bottom section of the column after the column
had been heated and then cooled.     In each of the runs, the temperature
within the column rose steadily until the boiling point of water was
reached, and then remained constant until the water was 30vaporized. The
temperature then rose steadily again until the boiling point of the oil of
wintergreen was reached, and then remained constant until the oil of
wintergreen was essentially vaporized, and then rising again.  



- 10 - TABLE EXAMPLE NO. INITIAL OIL ppm Wt. FINAL TOP OIL CONT. ppm Wt.
FINAL BOTTOM OIL CONT. ppm Wt. 1 20,000 0 0 2 39,900 10 10 3 10,000 10 



0 Cl 20,000 330 200 C2 29,900 0 3,230 C3 39,800 20 8,940       In the
comparative examples Cl, C2, and C3, the higher the initial oil
concentration in the top section, the more contaminate condenses into the
lower clean sand. In the examples where the bottom section is heated first,
(examples 1, 2, and 3) virtually no oil condenses in the lower clean sand.
PART OF THIS SHEET HAS BEEN REPLACED CLAIMS   1. A method to remove
volatile liquid contaminates from a contaminated volume of earth, the
contaminated volume lying above a non-contaminated layer of earth, the
method comprising the steps of: 5penetrating the contaminated volume with
at least one wellbore so that a wellbore penetrates the contaminated volume
and at least one wellbore penetrates the non-contaminated layer; applying
heat from the wellbore within the non- 



10contaminated layer to the non-contaminated layer until the temperature of
a substantial portion of the non-contaminated layer that is contiguous with
the contaminated layer is at least the boiling point temperature of
contaminated liquids; and 15applying heat from the wellbore within the
contaminated volume to the contaminated volume wherein the temperature of
the contaminated volume rises to the boiling point of contaminated liquids
after a substantial portion of the non-contaminated layer that is
contiguous 20with the contaminated layer is about the boiling point of the
contaminated liquids.  2. The method of claim 1 further comprising the step
of removing vaporized contaminates from the contaminated volume through at
least one suction wellbore wherein a 25subatmospheric pressure is
maintained within the suction wellbore.  3. The method of claim 2 wherein
the suction wellbore is also a wellbore from which heat is applied to the
contaminated volume. 304. The method of claim 1 wherein at least one
wellbore penetrates the contaminated volume and extends from the  WO
98/55240PCT/EP98/03488 - 12 - contaminated volume to the non-contaminated
layer.  5. The method of claim 3 wherein a pattern of suction-heater
wellbores are provided.             6. The method of claim 5 wherein the
wellbores within 5the pattern are separated by about 0.9 to about 6 m.  7.
The method of claim 1 wherein the at least one wellbore penetrating the
non-contaminated layer is an essentially horizontal wellbore.  8. The
method of claim 1 wherein the at least one 



10wellbore penetrating the non-contaminated layer is an essentially
vertical wellbore which also penetrated the contaminated volume.        9.
The method of claim 1 wherein heat is applied to the non-contaminated layer
from the wellbore within the non-15contaminated layer.  10. The method of
claim 1 wherein the contaminated volume is below non-contaminated earth,
and further comprising the step of rising the temperature of the
non-contaminated earth above the contaminated volume to a 20temperature
that is above the normal boiling point of the contaminated liquids prior to
heating the contaminated volume to the normal boiling point of the
contaminated liquids.  11. The method of claim 8 wherein heat is applied to
the 25contaminated volume and the non-contaminated layer from an electrical
heating element, the electrical heating element extending through the
wellbore within the contaminated volume and into the wellbore within the
non-contaminated layer, the electrical heating element being 30a wire
having a greater diameter within the contaminated volume than the
non-contaminated layer. 


