
EP 0 383 789 B1 Description FIELD OF THE INVENTION 5      The present
invention relates to a process for in situ biodegradation of hydrocarbon
contaminated soil. More specifically, the present invention is a process
for drawing oxygen into a contaminated zone to stimulate microbial
biodegradation of hydrocarbons. BACKGROUND OF THE INVENTION 10 Hydrocarbons
may contaminate both soil and ground water as a result of accidental
spillage from storage tanks or pipes; accidents with transport vehicles; or
even by intentional acts such as dumping. Typically, some hydrocarbon
biodegradation occurs in the first three feet below the earth's surface.
However, that portion of the spill below three feet largely remains In the
soil. If the hydrocarbons are not Isolated or removed, the spill 15  can
spread beyond the original area. Various procedures have been proposed to
address soil and ground water contamination by spilled hydro- carbons. Some
systems require physical containment or removal, while others treat the
spilled hydrocarbon in place. When the hydrocarbons are treated in place,
they may be evaporated or biodegraded under specific conditions. 20
Underground evaporation of spilled hydrocarbons may be achieved by forced
venting. See U.S. Patents Nos. 4,593,760, issued June 10, 1986 and
4,660,639, issued April 28, 1987, both to Visser et al; 4,183,407, issued
January 15, 1980 and 3,980,138, issued September 14, 1976, both to Knopic.
However, this process is limited by the vapor pressure of the spilled
hydrocarbons and the amount that can be evaporated. Since there is a limit
on the amount of hydrocarbon that can be evaporated by venting, there is no
incentive to go 25  above that flow rate that provides the maximum
evaporation. Biodegradation has also been disclosed for underground
hydrocarbons. U.S. Patent No. 4,401,569 issued August 30, 1983 to Jhaverl
et al discloses a method and apparatus for treating hydrocarbon
contaminated ground and ground water. Patentees discloses adding nutrients
and gases to water that is flowed through the contaminated soil. A process
of this type can be disadvantageous because: the irrigation water washes
some 30  hydrocarbons orothercontaminants (toxic metal salts, etc.) into
the water table; watercarries a limited amount of oxygen (8 ppm) into the
soil which limits the amount and the rate of degradation that may take
place; irri- gation can limit biodegradation by physically channeling
oxygen-carrying fluids away from the hydrocarbon contaminated (oily) dirt;
and, water and oil are Immiscible so that biodegradation is limited to
water/oil surfaces. Accordingly, there Is the need for a process that will
rapidly decontaminate hydrocarbon contaminated soil 35  in an efficient and
an environmentally acceptable manner. The need has now been satisfied by
the invention that is described below, and defined in the claims. SUMMARY
OF THE INVENTION 40     According to the present invention, a process is
provided for biodegrading hydrocarbons by drawing oxy- gen into a
hydrocarbon contaminated zone. The process comprises establishing a
borehole in a hydrocarbon contaminated zone having hydrocarbon degrading
microbes; fluidly connecting a source of negative pressure to the borehole;
evacuating gas out of the borebole to draw oxygen through the hydrocarbon
contaminated zone; monitoring the evacuated gas; and adjusting the flow
rate of oxygen into the hydrocarbon contaminated 45  zone to above the flow
rate for maximum hydrocarbon evaporation, whereby a substantial amount of
hydro- carbons are biodegraded. Among other factors, the present invention
is based on ourfinding that an unexpectedly effective process for in situ,
underground hydrocarbon biodegradation is provided by drawing atmospheric
oxygen into a con- taminated zone at high flow rates. Surprinsingly, the
carbon dioxide concentration In the evacuated gas (as a 50  measure of
biodegradation) remains high even at the high flow rates. At the same time,
the process is sur- prisingly advantageous because It also evacuates
volatilized hydrocarbon vapor without the danger of deto- nation. The
process is further advantageous over many prior processes because it
rapidly biodegrades hydro- carbons in situ without being limited by their
vapor pressure; incurring additional expenses for nutrients, irri- gation,
etc.; being limited by the equilibrium limits imposed by dissolving [err]
and [err] into irrigation water, or 55  dispersing of hydrocarbons and
other contaminants either into the water table or beyond the spill area.
While the instant invention employs a flow rate above the maximum
hydrocarbon evaporation flow rate, this maximum hydrocarbon evaporation
flow rate is governed primarily bythetype of hydrocarbon being evapo- rated
as well as the soil type involved in the contamination and therefore the
maximum hydrocarbon evapor- 



2    EP 0 383 789 B1 ation flow rate will vary from site to site. The soil
type's role in the maximum hydrocarbon evaporation flowrate results from
the surface area of the hydrocarbon in the soil's pores which can be
exposed to the oxygen-con- taining gas flowing to the borehole. In soils,
such as clays and, of course, depending on the hydrocarbon being
evaporated, the maximum hydrocarbon evaporation flow rate can be less than
0.14 [err]/min (5 standard cubic 5   feet per minute (SCFM)) per well. In
view of the above, as used herein, the term "flow rate for maximum hy-
drocarbon evaporation" or "maximum hydrocarbon evaporation flow rate" means
the flow rate at which no sub- stantial additional amounts of hydrocarbon
can be removed by evaporation for that particular hydrocarbon or
hydrocarbon mixture and that particular soil type. As depicted graphically
in FIG. 4 which is discussed hereinbelow, the total amount of hydrocarbon
evapo- 10  rated by increasing the gas flow to the bottom of the borehole,
asymptotically approaches its theoretical max- imum and at a certain point,
no substantial additional amounts of hydrocarbon can be practically removed
by increasing the gas flow. Accordingly, for the purposes of this
application, the term "substantial additional amounts of hydrocarbon" means
less than ten percent (10%) and preferably less than five percent (5%) of
ad- ditional hydrocarbons can be evaporated by increasing the gas flow. 15
In a preferred embodiment, the present invention comprises establishing a
borehole from the earth's sur- face through a hydrocarbon contaminated zone
having hydrocarbon degrading microbes, which borehole ter- minates in the
ground water; establishing a fluid impermeable lining, coaxially spaced and
sealingly connected to the inside surface of the borehole, extending from
the earth surface to the hydrocarbon-contaminated zone; establishing a
fluid permeable lining, coaxially spaced within the inside of the borehole,
fixedly connected to, 20  and extending from, the end of the fluid
impermeable lining;fluidly connecting a source of negative pressure
tothefluid impermeable lining; evacuating gas from thefluid
permeablesection ofthe boreholeto draw oxygen through the
hydrocarbon-contaminated zone; monitoring the oxygen, total hydrocarbon,
and carbon dioxide content of the evacuated gas; and adjusting the flow
rate of oxygen into the hydrocarbon contaminated zone to achieve within 50%
of the maximum hydrocarbon biodegration and to maintain an oxygen and total
hydro- 25  carbon concentration outside the explosive range. In hydrocarbon
contaminated zones where there is a high ground water table and/or the soil
type is less porous, the negative pressure necessary to generate the
required flow rate may in factcause the ground water and other fluids, such
as hydrocarbons, possibly contained therein ortherewith (collectively
"ground fluid) to locally be drawn up in the direction of the borehole
thereby creating an inverted cone of ground fluid. In the 30  extreme case,
the inverted cone of ground fluid can be drawn up the fluid impermeable
lining to the earth's surface. Inverted cones of ground fluid are to be
anoided because in addition to restricting the flow rate of gases through
the hydrocarbon contaminated zones, these inverted cones could In fact
spread the hydrocar- bon contamination to zones not previously
contaminated. Accordingly, in a preferred embodiment, the process of the
instant invention includes the additional step of establishing means to
remove ground fluid from or near 35  the bottom of the borehole. Suitable
means to remove ground fluid include employing pumps either at the earth's
surface or in the borehole, employing vacuum eitherthrough the fluid
impermeable lining wherein the gases are flowing or or via a separate
conduit, employing a sufficiently high flow rate of gas to remove ground
fluids entrained in aerosols and in some cases employing a siphon.
Preferably, the ground fluid is removed by placing a pump ator near the
bottom of the borehole and internally in the fluid permeable lining; said
pump 40  being fluidly connected to as conduit which leads from the pump to
the earth's surface so as to remove the ground fluid. Said conduit is
preferably placed within the fluid permeable and impermeable lining and has
an external diameterless than the internal diameter of the fluid permeable
and impermeable lining. Preferably,the external diameter of the conduit is
sufficiently small so as to avoid undue restrictions on the gas flowing
through the fluid permeable and impermeable linings. The conduit is made of
material sufficiently capable of 45  transporting ground fluid under the
operating conditions of the process of this invention without undue wear.
Suitable materials include engineered plastics [(such as polyvinylchloride
(PVC), polyethylene, etc.] flexible rubbertubing and metals tubing. The
majorcriteria being thatthe material be stable to the differential pressure
between the pressure of the fluids inside the conduit and the pressure
inside the fluid permeable and imperme- able linings outside the conduit. 



50    The ground fluid so removed may or may not be contaminated with
hydrocarbons. If the ground fluid is contaminated with hydrocarbons, then
itis preferably placed in suitable holding meansforsubsequentcleanup. The
amount of ground fluid removed should be sufficient to keep the ground
fluid substantially level across the hydrocarbon contaminated zone to be
treated. In some cases, it may be preferable to remove sufficient ground
fluid so as to create depression the ground fluid. Such a cone of dpression
would allow hydrocarbons 55  floating on the ground water to flow into the
cone of depression which has the effect of localizing the concen- tration
of liquid hydrocarbons and which can then be removed as part of the ground
fluid (creating cones of depressions in ground fluids is well known to
environmental and ground water hydrologists). Moreover, since the cone of
depression would be near the borehole and therefore near the point of entry
of the oxygen-con- 3    EP 0 383 789 B1 taining gases, hydrocarbons
contained in such a cone of depression should be removed, either by
evaporation or biodegradation, fasterthan without such a cone of
depression. Most preferably, the amount of ground water removed is that
amount which permits optimal gas flow through the borehole. The pump which
removes the ground fluid may be any pump capable of removing ground fluid
at the de- 5   sired rate. Preferably, the pump isa submersible Injector
pump which can be lowered into the fluid Impermeable and permeable lining.
BRIEF DESCRIPTION OF THE DRAWINGS 10      FIG. 1 is a schematic diagram of
an apparatus useful in the present process. FIG. 2 is a schematic diagram
of a well configuration useful in the present invention. FIG. 3 is a graph
showing the relationship between flow rate and [err]% in the evacuated air
for site 1. FIG. 4 is a graph showing the total hydrocarbon recovery for
site 1. FIG. 5 is a graph comparing the biodegradation and evaporation for
sites 1, 2 and 3. 15 DETAILED DESCRIPTION OF THE INVENTION The present
Invention is useful for in situ biodegradation of hydrocarbon contaminated
soil. The term hy- drocarbon includes organic molecules that are commonly
found in oil, such as aromatics, alkanes, olefins, va- 20 rious complex
heterocyclic molecules, and various derivatives of these molecules, such as
alcohols, esters, ketones, carbonates, acids, some halogenated compounds,
complex heterogeneous hydrocarbon molecules, as well as the more specific
decomposable compounds listed in Amdurer et al, Systems to Accelerate In
Situ Stabilization of Waste Deposits (Report No. EPA/540/2-86/1002) which
Is hereby incorporated by reference In its entirety. However, the term
hydrocarbon only includes those compounds which are biodegradable and 25
which reach their maximum evaporation point before theirmaximum
biodegradation point. These hydrocarbons typically have vapor pressures
less than 0.014 MPa (2 psia) at[err]. Reference will now be made to FIG. 1
to provide an example of the present process. A hydrocarbon contaminated
zone 10 can be contained within a vadose zone 2. The vadose zone 2 is de-
fined by the earth's surface 1 and the ground water level 4. There is also
a capillary zone 6 just above the 30 ground water level 4 where oil can be
supported on soil capillaries In top of the water. It is contemplated that
hydrocarbons are biodegraded when they are in the hydrocarbon contaminated
zone 10, the capillary zone 6, or are washed into either two zones by the
rise and fall of the ground water. As shown in FIG. 1, a borehole 8 Is
established in the hydrocarbon contaminated zone 10. The borehole 8
essentially extends from the earth's surface 1 and provides vapor access to
the contaminated zone 10. The 35 borehole 8 can extend into the hydrocarbon
contaminated zone 10, the capillary zone 6, or preferably further downward
below the ground water level 4. The borehole 8 preferably includes a fluid
impermeable lining 18 and a fluid permeable lining 20. The fluid
impermeable lining 18 is preferably positioned within the borehole 8,
typically adjacent to the earth's surface 1. The fluid permeable lining 20
is also preferably positioned within the borehole 8, but in a position that
en- 40  sures oxygen flow through the hydrocarbon contaminated zone 10.
Agas exhaust line 12 is fluidly connected to the borehole 8 at the earth's
surface 1 (which includes a submerged connection as shown in FIGS. 1 and 2)
and then to a vacuum source 14 and a gas processing means 16. The vacuum
source 14 creates negative pressure to draw oxygen into the hydrocarbon
contaminated zone 10 along the flow lines shown by the arrows 



in FIG. 1. Starting from the vacuum source 14, the gas is evacuated in this
sequence, through the: vapor car- 45 rying line 12; the fluid impermeable
lining 18; the fluid permeable lining 20; the hydrocarbon contaminated zone
10; the vadose zone 2; and the earth saurface 1. Gas exhaust line 12can be
fluidly connected to a single borehole 8 or multiple boreholes (not shown).
The evacuated gas is preferably monitored for the flow rate, the oxygen
concentration, the total hydrocar- bon concentration, and the carbon
dioxide concentration. Monitoring equipment for these purposes are known 50
in the art. However, an example of a monitoring system is shown in FIG. 2.
Flow rates can be measured by inserting a device such as an anemometer into
a flow measurement port 30. Total hydrocarbon concentration can be measure
by a system which includes a multimeterwith a resistivity sensor, both of
which can be attached to a well cap 34. A total organic analyzer (e.g.,
Model 401 manufactured by Byron instruments) can also be used to determine
the hydrocarbon and [err] concentrations. Oxygen and carbon dioxide
concentrations can 55  be measured by sampling the evacuated gas through
sampling port 36 and passing the sample to an oxygen analyzer such as Model
320p-4 manufactured by Teledyne Analytical Instruments. In the process of
the present Invention, the flow rate of the evacuated gas is adjusted to
achieve the ob- jective of a rapid and high amount of hydrocarbon
biodegradation. Additionally, It is an objective to insure that 4    EP 0
383 789 B1 the mixture of oxygen and hydrocarbon vapor in the evacuated gas
is outside the explosive range. We have discovered that the first objective
is achieved at surprisingly high flow rates and the second objective is
ach- ieved by adjusting the concentrations of oxygen and hydrocarbon vapors
at these high flow rates. The flow rates (per borehole) in the process of
the present invention are preferably above the flow rate for maximum 5
evaporation of the hydrocarbon that is to be biodegraded; preferably in
certain porous soils, the flow rates per well are between 0.85 and 7.1
[err]/min (30 and 250 SCFM) and in non-porous soils, such as clays, the
flow rates per well can be as low as 0.14 [err]/min (5 SCFM) and preferably
greater than 0.14[err]/min (5 SCFM) and more preferably between 0.14 and
2.1 [err]/min (5 and 75 SCFM); most preferably the flow rates are adjusted
to achieve within 50% of the maximum hydrocarbon biodegradation. 10     As
used herein, the term "non-porous soils" means soils which have a
permeability to water below [err]/sec and includes soil types, such as
clays, silts, fractured rocks, etc.; whereas "porous sols" mean soils which
have a permeability to water greater than [err]/cm/sec and includes soil
types such as sands, sandy loams, gravel, etc. Hydrocarbons can be removed
by several mechanisms at these high flow rates. They are: evaporation; 15
biodegradation; and bythe creation of a hydrocarbon aerosol. Some
hydrocarbons are removed by evaporation when gas is drawn out of the
borehole 8 and oxygen is drawn through the hydrocarbon contaminated zone
10. For biodegradable hydrocarbons this evaporation typically Increases as
the flow rate Increases, but will asymptotically approach its theoretical
maximum and at a certain point, no substantial additional amounts of
hydrocarbon can be practically removed by increasing the airflow. In
hydrocarbon evaporation systems it is 20  unnecessary and inefficient to
increase the flow rate above this point because no substantial additional
amounts of hydrocarbon will be evaporated. For purposes of the present
Invention It Is preferable to go beyond that level to reach high
hydrocarbon biodegradation rates. Surprinsingly, biodegradation occurs at
the high flow rates beyond the point of maximum evaporation.
Understandably, these high biodegradation rates increase as the flow rate
increases, but stop Increasing at some flow rate, depending on the
hydrocarbon and the soil 25  conditions (i.e., depth, permeability, etc.).
The hydrocarbons can also be removed by the third mechanism; the creation
of a hydrocarbon aerosol. These aerosols can form due to very high flow
rates or a large pressure drop across the fluid permeable lining 20.
Depending on the hydrocarbon and the particularities of the hydro- carbon
contaminated zone 10, it may be desirable to increase the flow rates to
remove hydrocarbons by this additional method. 30    It is preferable to
achieve the maximum hydrocarbon biodegradation that Is possible. For
measurement purposes, hydrocarbon biodegradation is assumed to be equal
to[err] removal because the hydrocarbons are converted to [err] (even
though some hydrocarbons are initially incorporated into biomass). To
calculate the maximum hydrocarbon biodegradation rate, the evacuated gas is
monitored for [err] concentration. Then [err] removed per unit time is
calculated from the flow rate and [err] concentration. Flow rate is
increased until the 



35  total [err] removed no longer increases. At the flow rates of the
present invention the [err] concentration in the evacuated gas is
preferably between 1 and 14%, more preferably between 6 and 14%. Also, the
oxygen and total hydrocarbon concentrations are monitored and are adjusted
to outside the ex- plosive range. Preferably, the [err] concentration is
limited to below 10% to reduce the possibility of explosion when the total
hydrocarbon vapor is above 1%. However, this oxygen limit may be exceeded
if it is preferred 40  to increase the flow rate. When the oxygen
concentration is equal to or greater than 10%, diluent gas is pre- ferably
introduced into the evacuated gas to reduce the total hydrocarbon
concentration to below the lower explosive limit. The present invention is
operable on virtually all varieties of biodegradable hydrocarbons within
the boiling range of 32 to [err] (90 to [err]) at atmospheric pressure.
This Includes: heavy oils, such as asphalt, gas 46  oils, or fuel oils; and
light oils, such as gasoline, jet fuel, diesel, turbine fuels, or light gas
oils, as well as the compounds listed in Amdurer et al. The process is not
limited by low hydrocarbon vapor pressures. Some bio- degradable inorganics
might also be biodegraded, such as sulfides, phosphorus, and nitrogen
compounds. Additionally, the process can be operable on a variety of soils.
Examples are: sands; coral; fissured vol- canic rock; carbonaceous deposits
(i.e., limestone); gravel; silts; clays; and mixtures thereof. More densely
50  packed soil can decrease the oxygen transport as well as the flow rate
and can require closer well spacing when multiple wells are used. However,
the present process will continue to be effective In such more densely
packed soils because oxygen will contact the microbes, either by convection
or by diffusion, to stimulate hy- drocarbon biodegradation and further
because the lower gas flow rates will still be above the maximum hy-
drocarbon evaporation flow rate for these soils. 55      The microbes that
biodegrade hydrocarbons are typically bacteria. Many bacterial genuses
adapt to this task and are known to those skilled in microbiology.
Representative bacterial include gram-negative rods such as: Pseudomonas;
Flavobacterium; Alcallgenes: and Achromobacter; orgram-positive rods and
cocci such as: Brevibacterium: Corynebacterium: Arthrobacter, Bacillus; and
Micrococcus; and others such as Mycobacteri- 5    EP 0 383 789 B1 urn;
Nocardia; and Streptomyces. These bacterial are preferably indigenous
although they may be added to the hydrocarbon contaminated zone 10. Other
hydrocarbon degrading microbes are fungi, algae, actinomy- cetes, etc. (see
also Appendix A of Amdurer et al.). The borehole 8 is another feature of
the present invention. Preferably, the diameter of the borehole is be- 5
tween 20.3 and 102 cm (8 and 40 inches), more preferably between 30.5 and
82 cm (12 and 32 inches). Pre- ferably, the borehole 8 extends into the
hydrocarbon contaminated zone 10. In some instances it is preferable to
extend the borehole 8 into the capillary zone 6 just above the ground water
level 4 or even below the ground water level 4. Preferably, a lower depth
ensures that air is drawn along the capillary zone irrespective of the
fluctuations in the ground water level. 10     The borehole 8 can be
drilled to absolute depths in excess of 46 m (150 feet). For a deeper
borehole a higher flow rate is typically required for more biodegradation.
The borehole 8 can be vertical , diagonal, or lat- erally oriented and can
be drilled into the hydrocarbon contaminated zone 10 byanywell drilling
method known in the art that is suitable for penetrating the particular
contaminated soil. Also, if it is preferable to laterally vent a
contaminated zone, a trench may be excavated, a fluid permeable lining
inserted into the trench, and then 15  the soil back filled over the
lining. However, care should be taken not to use a method that would reduce
the permeability of the soil around the fluid permeable lining 20 of the
borehole 8, I.e., by compaction or by using too much drilling muds or
fluids. Typically, the fluid impermeable lining 18 is coaxially spaced
within the borehole 8. The lining 18 has an internal diameter between 5.1
and 41 cm (2 and 16 inches), more preferably between 5.1 and 30.5 cm (2 and
20  12 inches). This lining 18 may be well casing or a conduit which is
smaller in diameter than the borehole 8. Preferably, a portion of the fluid
Impermeable lining 18 at the earth's surface 1 (or a minor depth below the
surface) is sealed off and attached to the vacuum source 14. Afluid
permeable lining 20 is coaxially positioned at the end of fluid impermeable
lining 18. This lining 20 may be well casing having holes, screens, or
other means to permit a gas, an aerosol, orliquid flowtherethrough.
Preferably, both linings 18 and 20 are substan- 25  tially the same
diameter. It Is intended that both linings direct the vacuum induced
airflow through the hydro- 



carbon contaminated zone 10. To achieve this goal, air infiltration between
the lining 18 and the borehole 8 is preferably minimized. To prevent air
from being drawn down from the earth's surface and along the lining 18, a
low permeability material is preferably inserted between the lining 18 and
the borehole 8. Preferably, this material is compacted soil, clay, grout,
or cement 30     Additionally, the pressure drop between the fluid
permeable lining 20 and the borehole 8 can be adjusted. A higher pressure
drop Is preferable because high flow rates of this invention can form
aerosols of hydrocar- bons orcontaminatedwater. The aerosol is carried out
of the borehole with the evacuated gas thereby Increas- ing contaminant
removal. In this instance it is not necessary to provide a fill material
for the lining 20. However, if a low pressure drop is preferred, then the
space defined by the borehole 8 and the outer diameter of the 35  fluid
permeable lining 20 can be packed with a loosefluid permeable material,
such as gravel, sand, orcrushed rock. This material prevents fine
particles, such as silts, from plugging the fluid permeable lining 20. The
particular characteristics of the contaminated area may suggest that one or
more boreholes be es- tablished to carry out the present process. Some
relevant factors for this determination are: the amount of spilled
hydrocarbon; the depth of the hydrocarbon contaminated zone 10; the type of
soil; the ground water 40  level 4, etc. If multiple boreholes are
necessary, then they are preferably spaced between and 1,5-9[err] [6 and
300 feet] apart. Preferably, these boreholes are all vacuum wells although
air inletwells can be used fordeeper hydrocarbon contaminated zones 10. The
vaccum source 14 evacuates gas through the fluid permeable lining 20 and
passes this evacuated gas to the processing means 16. The vacuum source 14
may be any means capable of establishing negative 45  pressure within the
borehole to cause a flow of oxygen through the hydrocarbon contaminated
zone 10. Pre- ferably, the vacuum source 14 is a pump or an aspirator (see
Knopic, U.S. Patent No. 3,980,163). Preferable pumps are rotary and liquid
ring pumps. Exemplary liquid ring pumps are manufactured by Sullair and
Nash, and have a capacity to pull between 2 and 71 [err]/min (70 and 2500
SCFM) and preferably between 3.1 and 71 [err]/min (110 and 2500 SCFM).
Preferably, these pumps have a capacity to pull either at least 0.25
[err]/min 50  (30 SCFM) through porous soil from at leastone borehole,
preferably multiple boreholes, orat least 0.14 [err]/min (5 SCFM) through
non-porous soils from at least one borehole, preferably multiple boreholes.
Preferably, they have a means for flame suppresion to prevent explosions.
The processing means 16 may comprise a means to vent the evacuated gas to
the atmosphere, a means for filtering the gas, a means for compressing the
evac- uated gas, ora means for incinerating the evacuated gas. The
evacuated gas contains: oxygen, carbon dioxide 55  as a biodegradation
product, water vapor, and hydrocarbon vapor due to evaporation. These
components of the evacuated gas may be useful for a variety of purposes
outside of the present invention. For example, the high amount of [err]
that is produced by this process can be recovered and used in tertiary oil
recovery or used as a refrigerant. The hydrocarbon vapor can be recovered
and further refined or sold. 6    EP 0 383 789 B1 A variety of other
factors contribute to the efficiency of the present invention. For example,
the soil tem- perature, the soil humidity, the nutrients, and the pH are
all variables that affect the growth of the microbial population. The soil
temperature is difficult to regulate, but temperature above [err] ([err])
are preferable to promote microbiological growth. Additionally, humidity is
preferable to foster growth. Water may be introduced 5   Into the air that
is flowed through the hydrocarbon contaminated zone 10 by Irrigation or
steam injection, for example. Additionally, organic and inorganic nutrients
are essential to microbial growth may be added to the
hydrocarbon-contaminated zone 10 by means known in the art. These nutrients
can be alkali metals (such as potassium), phosphates, and nitrates.
Furthermore, pH may be manipulated by the addition of basic or acidic
compounds if It is incompatible with microbial growth. 10     The present
Invention will be more fully understood by reference to the following
examples. They are in- tended to be purely exemplary and are not Intended
to limit the scope of the Invention in any way. EXAMPLES 15     Tests were
conducted on systems Installed at four sites where various oil products had
been spilled In soil and ground water. The systems had different depths to
the top and bottom of the fluid permeable lining 20 (well screen) and each
site involved different hydrocarbon contaminants as shown below: 20
Depths to  the 



Top and Bottom Site           Type of oil               of the Well Screen
1        70%  gasoline                      4.6 to 9.2 m 25
30% diesel                      (15 to 30 feet) 2        gasoline  blending
40 to 44.2 m component                       (130 to 145 feet) 30
3         heavy fuel oil                    3.1 to 27.5 m (10 to 90 feet) 4
asphalt diluted  with              1. 2 to 4 .6 m kerosene
(4 to 15 feet) 35      The tests are described below in each of the
examples. In each example no nutrients (fertilizers) or bacteria were added
to the sites to stimulate biodegradation. Soil moisture was not Increased
by irrigation above normal levels. Example 1 40 Six test wells wee drilled
near 10 existing wells. Each borehole has an internal diameter of 10.2 cm
(4 in- ches) and an outside diameter of 20.3 cm (8 inches). PVC pipe was
used as a fluid impermeable lining and a PVC screen was used as a fluid
permeable lining. The soil was sandy loam. After evacuating and testing,
gas from the borehole was subsequently Incinerated. 46      The soil around
the spill had been vented for about two years to control migration of oil
vapors into nearby buildings. The venting rate for those two years was
below 0.85 [err]/min (30 standard cubic feet per minute (SCFM)) per well.
In the test the vented gas was kept below the lower flammability limit (1%
oil vapor) by diluting it near the well head with air. An example of the
undiluted vent gas had the following composition: 50 well  Flow
oil in [err]/min [SCFM]                [err]           [err]      vapor
Methane 0,85     [30]              7.5%         8.5%         1%
0% The atmospheric oxygen that was pulled into the ground stimulated
significant biodegradation. There was 7    EP 0 383 789 B1 enough
biodegradation to deplete the oxygen concentration to below 10% and to make
the vented gas non- flammable regardless of the oil vaporconcentration. The
lackof methane indicated insignificantanaerobic bio- degradation. Theflow
rate of the evacuated airwas increased in steps and held constantforseveral
days between each 5   step, then samples of gas were analyzed for oil vapor
and [err] concentration. The [err] levels remained nearly constant until
the flow was increased above 0.85 [err]/min (30 SCFM), then it declined
slowly as shown in FIG. 3. The [err] and[err] concentrations were sustained
throughout several months of tests which indicated that bio- degradation
was not temporary or limited by soil moisture or nutrients. The oil
biodegradation rate was calcu- lated by assuming that  oil was converted
directly into [err] (which is conservative since as much as half of the 10
oil is initially converted to biomass). Total removal rate was the sum of
the biodegradation and evaporation rates as shown in FIG. 4. FIG. 4 shows
that biodegradation increases even after the evaporation rate has reached a
plateau. Example 2 15 The carbon dioxide, oxygen, and total hydrocarbon
concentrations were measured as in Example 1 and a well outside the spill
area was monitored to determine the background levels for each of these
components. These wells were drilled as in Example 1. At 30 SCFM the
following data was generated for both wells: 20
Well Flow                               Oil Site       in [err]/min(SCFM)
[err]         [err]        Vapor    Methane Spill Area           0.85  (30)
11%        2.3%      4.9%         1. 3% 



Background           0.85  (30)       1.0%      18. 3%      0%           0%
(Non-Spill) The flow rate was increased to 5,1 [err]/min [180 SCFM] which
increased the biodegradation. At this flow 30  rate, the gas velocitywas
high enough tocreate an aerosol of liquid gasolineandwaterdropletswhich
indicated that the invention can be designed to also remove some liquids.
Example 3 35      This example shows the biodegradation of heavy fuel oil.
At Site 3 the carbon dioxide, oxygen, and total hydrocarbon concentrations
were monitored. The following data was collected: Heavy Well Flow
Fuel in [err]/min        (SCFM)    [err]          [err]        oil vapor
Methane 45         0.85         (30)          6 .8%      11%             0%
2. 3% Evaporation of the heavy oil was negligible due to its low
volatility. Venting at low flow rates would be in- effective in removing
heavy, non-volatile oil spills. FIG. 5 compares the removal rates at Sites
1, 2 and 3. FIG. 5 shows that the process of the present in- 50  vention is
useful to remove a broad range of hydrocarbon contaminants from soil and
various depths. Further- more, the oxygen and oil vapor concentrations can
be controlled to safely operate outside of the explosive lim- its. Example
4 55 One test well was drilled into a non-porous sol (clay). The borehole
has an internal diameter of 30,5 cm [12 inches.] PVC pipe was used as a
fluid impermeable lining and a PVC screen was used as a fluid permeable
lining. The clay has a water permeability of from [err] to [err] cm/sec.
After evacuating and testing, gas frorn    EP 0 383 789 B1 the borehole was
subsequently treated with activated carbon. When necessary, the vented gas
can be kept below the lower flammability limit (1% oil vapor) by diluting
it nearthe wellhead with air. Examples of undiluted vent gas had the
following [err] content underthe following process conditions: 5 Estimated
oil. Vacuum              Flow           [err]        Biodegradation (inches
of water)  per well   (volume %)  (Gal/day/well) 10   Case 1
120          0.25      9        8.55 Case 2            120           0.4
(14)      6  %                5 Case 3            160          0.71    (25)
5  %                8 Case 4            180           0.88    (31)       5
%               10 15 In this example, the hydrocarbon content was
sufficiently low so as to allow oxygen concentration at levels of
approximately 17 volume percent. This example demonstrates the operability
of the process of this invention on non-porous soils contaminated with
hydrocarbons. 20 Claims 1. A process for biodegradating hydrocarbons by
drawing oxygen into a hydrocarbon contaminated zone, 25     comprising:
establishing a borehole into a hydrocarbon contaminated zone having
hydrocarbon degrading mi- crobes; fluidly connecting a source of negative
pressure to the borehole; evacuating gas out of the borehole to draw oxygen
Into the hydrocarbon contaminated zone; and 30           adjusting the flow
rate of oxygen Into the hydrocarbon contaminated zone to above the flow
rate for maximum hydrocarbon evaporation, whereby a substantial amount of
hydrocarbons are biodegraded. 



2. A process in accordance with Claim 1 wherein the hydrocarbon
contaminated zone comprises a porous soil. 35 3. A process in accordance
with Clalm 2 wherein the flow rate is between 0.85 and 7.1 [err]/min (30
and 250 SCFM) per well. 4. A process in accordance with Claim 1 wherein the
hydrocarbon contaminated zone comprises a non-por- ous soil. 5. A process
in accordance with Claim 4 wherein the flow rate is between 0.14 and 2.1
[err]/min (5 and 75 SCFM) per well. 6  A process in accordance with Claim 1
wherein the flow rate is adjusted so that the amount of hydrocarbon 45
biodegradation is within 50% of the maximum. 7. A process in accordance
with Claim 1 further comprising adjusting the oxygen and total hydrocarbon
con- centrations in the evacuated gas to outside the explosive range. 50
8. A process in accordance with Claim 7 further comprising: establishing a
fluid impermeable lining coaxially spaced and sealingly connected to the
inside sur- face of the borehole extending from the earth surface to the
hydrocarbon contaminated zone; and establishing a fluid permeable lining,
coaxiallyspaced within the inside of the borehole, fluidlycon- nected to,
and extending from, the end of the fluid Impermeable lining. 55 9. A
process in accordance with Claim 1 wherein the borehole extends into a
capillary zone. 10. A process in accordance with Claim 1 wherein the
borehole extends into the ground fluid. 9    EP 0 383 789 B1 *   C   L   M
S  * the borehole was subsequently treated with activated carbon. When
necessary, the vented gas can be kept below the lower flammability limit
(1% oil vapor) by diluting it nearthe wellhead with air. Examples of
undiluted ventgas had the following [err] content underthe following
process conditions: 5 Estimated Oil Vacuum               Flow
[err]         Biodegradation (inches of water)   per well   (volume %)
(Gal/day/well) 10   case  1            120           0.25     9)
8.5%                 5 Case 2             120           0.4      (14)     6
a                  5 Case 3            180            0.71    (25)      5
%                 8 Case 4            180            0.88    (31)      5  %
10 15 In this example, the hydrocarbon contentwas sufficiently low soas to
allow oxygen concentration at levels of approximately 17volume percent.
This example demonstrates the operabilityofthe process ofthis invention on
non-porous soils contaminated with hydrocarbons. 20 Claims 1. A process for
biodegradating hydrocarbons by drawing oxygen into a hydrocarbon
contaminated zone, 25      comprising: establishing a borehole into a
hydrocarbon contaminated zone having hydrocarbon degrading mi- crobes;
fluidly connecting a source of negative pressure to the borehole;
evacuating gas out of the borehole to draw oxygen into the hydrocarbon
contaminated zone; and 30            adjusting the flow rate of oxygen into
the hydrocarbon contaminated zone to above the flow rate for maximum
hydrocarbon evaporation, whereby a substantial amount of hydrocarbons are
biodegraded. 2. A process in accordance with Claim 1 wherein the
hydrocarbon contaminated zone comprises a porous 



soil. 35 3. A process in accordance with Claim 2 wherein the flow rate is
between 0.85 and 7.1 [err]/min (30 and 250 SCFM) per well. 4. A process in
accordance with Claim 1 wherein the hydrocarbon contaminated zone comprises
a non-por- ous soil. 40 5. A process In accordance with Claim 4 wherein the
flow rate is between 0.14 and 2.1 [err]/min (5 and 75 SCFM) per well. 6  A
process in accordance with Claim 1 wherein the flow rate is adjusted so
that the amount of hydrocarbon 45      biodegradation is within 50% of the
maximum. 7. A process in accordance with Claim 1 further comprising
adjusting the oxygen and total hydrocarbon con- centrations in the
evacuated gas to outside the explosive range. 50  8. A process in
accordance with Claim 7 further comprising: establishing a fluid
impermeable lining coaxially spaced and sealingly connected to the inside
sur- face of the borehole extending from the earth surface to the
hydrocarbon contaminated zone; and establishing a fluid permeable lining,
coaxially spaced within the inside of the borehole, fluidly con- nected to,
and extending from, the end of the fluid impermeable lining. 55 9. A
process in accordance with Claim 1 wherein the borehole extends into a
capillary zone. 10. A process in accordance with Claim 1 wherein the
borehole extends into the ground fluid. 9    *   C  L   M   S   * 11.
Aprocess in accordance with Claim 1 furthercomprising establishing multiple
boreholes which are spaced between 1.5 and 92 m (5 and 300 feet) apart from
each other. 12. A process in accordance with Claim 1 further comprising
monitoring the water content of the exhausted 5       gas. 13. A process in
accordance with Claim 1 wherein the hydrocarbons that are biodegraded have
a boiling point between 32 and [err] (90 and [err]). 10  14. A process in
accordance with Claim 8 wherein the internal diameter of said fluid
permeable and fluid Im- permeable linings Is between 5.1 and 41 cm (2 and
16 inches). 15. A process in accordance with Claim 1 further comprising
adding nutrients which promote bacterial growth to the hydrocarbon
contaminated zone, selected from the group of phosphates, nitrates, or
alkall metals. 15  16. A process in accordance with Claim 1 further
comprising removing hydrocarbons by creating an aerosol. 17. Aprocess for
biodegrading hydrocarbons by drawing oxygen into a hydrocarbon contaminated
zone, com- prising: establishing a borehole from the earth's surface,
through a hydrocarbon contaminated zone having 20      hydrocarbon
degrading microbes, and terminating in the ground fluid; establishing a
fluid impermeable lining, coaxially spaced and sealingly connected to the
inside sur- face of the borehole, extending from the earth surface to the
hydrocarbon-contaminated zone; establishing a fluid permeable lining,
coaxiallyspaced within the inside of the borehole, fixedly con- nected to,
and extending from, the end of the fluid Impermeable lining; 25
fluidly connecting a source of negative pressure to the fluid impermeable
lining; evacuating gas from the fluid permeable lining to draw oxygen into
the hydrocarbon-contaminated zone; monitoring the oxygen, total
hydrocarbon, and carbon dioxide content of the evacuated gas; and adjusting
the flow rate sothatthe amount of hydrocarbon biodegradation iswithin 50%
of the max- so      imum hydrocarbon biodegradation rate:p and maintaining
an oxygen and total hydrocarbon concentration outside of the explosive
range. 18. a process in accordance with Claim 17furthercomprising removing
hydrocarbons by creating an aerosol. 35  19. Aprocess in accordancewith
eitherClaim 0 orClaim 17furthercomprising establishing means to remove 



ground fluid from or at near the bottom of the borehole and removing said
ground fluid. 20. A process in accordance with Claim 19 wherein sufficient
ground fluid is removed to maintain the ground fluid substantially level
across the hydrocarbon contaminated zone. 40  21. A process in accordance
with Claim 19 wherein sufficient ground fluid is removed to create a cone
of de- pression in the ground fluid. 22. A process in accordance with Claim
19 wherein said means to remove ground fluid comprises a pump. 45  23. A
process in accordance with Claim 22 wherein said pump is placed at or near
the bottom of the borehole and is fluidly connected to a conduit which
leads form the pump to the earth's surface and said conduit being located
within the fluid permeable and Impermeable linings and having an external
diameter less than the internal diameter of the fluid permeable and
impermeable linings. 50  24. A process for In-situ decontamination of soil
or ground water containing hydrocarbon material wherein a borehole extends
from the earth's surface into a hydrocarbon contaminated zone, said
borehole including a fluid impermeable casing sealed to the sidewall
thereof from the earth's surface to a selected depth within said zone
traversed by said borehole, fluid passageway means communicating between
the fluid space within the lower end of said casing and said zone at said
selected depth, and gas pumping means 55      sealingly connected to said
casing for drawing air from the earth's surface through said zone to
entrain at least the volatile hydrocarbon components in said zone for flow
into said fluid space through said fluid permeable passageways by pumping
fluid vapor from the upper end of said casing to thereby extract at least
the volatile components of said hydrocarbon material from said zone, 10
EP 0 383 789 B1                      *    C   L   M  S   * said process
comprising: increasing the rate of fluid vapor pumping through said casing
from said contaminated zone in an amount and to an extent sufficient to
promote the production of carbon dioxide in the recovered fluid vapor from
said zone to a concentration above a background level of carbon dioxide
generation in said zone, said 5       concentration of carbon dioxide being
a minimum of 1% by volume, as a measure of the rate of biodegra- dation of
said hydrocarbon material by hydrocarbon degrading microbes in said zone.
25. A process in accordance with claim 24 wherein said fluid vapor pumping
rate is from 0.14 to 7.1[err]/min (5 SCFM to 250 SCFM). 10 26. A process in
accordance with claim 24 wherein said carbon dioxide content is
continuously monitored. 27. A process in accordance with claim 26 wherein
hydrocarbon content and oxygen content of said fluid vapor are monitored In
relation to said carbon dioxide content to confirm that the rate of
biodegradation of hy- 15      drocarbon components in said zone is above
said background carbon dioxide content of said zone. 28. A process in
accordance with claim 24 wherein the concentration of carbon dioxide in the
recovered fluid vapor is from 1% by volume to 14% by volume. 29. A process
in accordance with claim 28 wherein said concentration of carbon dioxide is
from 6% byvdume 20      to 14% by volume. 30. A process in accordance with
claim 24 wherein the hydrocarbon material in said contaminated zone in-
cludes hydrocarbon components having a low volatility for evaporation
thereof at ambient temperatures and pressures in said zone. 25
Patentanspruche 1. Verfahren zum biologischen Abbau von Kohlenwasserstoffen
durch Einziehen von Sauerstoff In eine mit 30      Kohlenwasserstoff
kontaminlerte Zone, umfassed: Einbringen eines Bohrloches in eine mit
Kohlenwasserstoff kontaminierte Zone, die Kohlenwasserstoff abbauende
Mlkroben aufwest; str5mungsmaliges AnschileBen elner Unterdruckquelle an
das Bohrloch; Evakuieren von Gas aus dem Bohrloch, um Sauerstoff in die mit
Kohlenwasserstoff kontaminierte Zone 35      einzuziehen; und Elnsatllen
der Flieggeschwindigkelt des Sauerstoffs In die mit Kohlenwasserstoff
kontaminlerte Zone auf 



oberhalb der Fliefgeschwindigkeit dermaximalen
Kohlenwasserstoffevakuierung, wodurch eine wesent- liche Menge an
Kohlenwasserstoffen biologisch abgebaut wird. 40 2. Verfahren gemiB
Anspruch I worin die mit Kohlenwasserstoff kontaminierte Zone por8sen
Erdboden um- fait. 3. Verfahren gemaS Anspruch 2, worin die
Flie~geschwindigkeit zwischen 0,85 und 7,1 m3/min (30 und 250 SCFM) pro
Bohrloch betrigt. 45  4. Verfahren gemra Anspruch 1, worln die mit
Kohlenwasserstoff kontaminierte Zone nicht-porosen Erdbo- den umfaSt. 5.
Verfahren gemrAl Anspruch 4, worin die FlleBgeschwindigkeit zwlschen 0,14
und 2,1 m3/min (5 und 75 SCFM) pro Bohrloch betragt. 50 6  Verfahren gemBil
Anspruch 1, worn die Flieigeschwindigkelt so eingestellt st, daB die
biologisch abge- baute Menge an Kohlenwasserstoff Innerhalb 50% des
Maximums liegt. 7. Verfahren gemAi Anspruch 1, ferner umfassend das
Einstellen der Konzentrationen des Sauerstoffs und 55      der gesamten
Kohlenwasserstoffe in dem evakulerten Gas in den nicht-explosiven Bereich.
8. Verfahren gemaB Anspruch 7, ferner umfassend: Einbringen einer fOr
Fluide undurchlassigen Einfassung, die koaxial angeordnet ist und mit der
EP 0 383 789 B1 *   C   L  M   S   * innenseltigen Oberfliche des
Bohrlochs, das sich von der Erdoberflache zu der mit Kohienwasserstoff
kontaminlerten Zone erstreckt, abdichtbnd angeachlossen lot und Einbringen
einer fOr Fluide durchlIssigen Einfassung, die koaxial an der Innenseite
des Bohrlochs ange- ordnet ist und str8mungsma5ig an das End. der fur
Fluide undurchlassigen Einfassung angeschlossen 5       let und sich von
diesem erstreckt. 9. Verfahren gemfil Anspruch 1, worin sich das Bohrloch
in sine Kapillarzone erstreckt. 10. Verfahren gemnl Anspruch 1, worin sich
dis Bohrloch bis in das Grundfluid erstreckt. 10   1. Verfahren gemirS
Anspruch 1, ferner umfassend das Einbringen mehrerer Bohrlocher, die
zwischen 1,5 und 92 m (5 und 300 FuB) von einander entfernt angeordnet
sind. 12. Verfahren gemaBAnspruch 1, fernerumfassend die Oberwachung des
Wassergehalts des abstrOmenden Gases. 15 13. Verfahren gemaB Anspruch 1,
worin die biologisch abgebauten Kohienwasserstoffe sinen Sledepunkt
zwischen 32 und 816C (90 und 15000F) aufweisen. 14. Verfahren gemal
Anspruch 8, worin der innere Durchmesser der fOr Fluids durchilssigen und
undurch- 20     lfssigen Einfassungen zwischen 5,1 und 41 cm (2 und 16
Zoll) Iliegt. 15. Verfahren gemraB Anspruch 1, ferner umfassend die Zugabe
von Nahrstoffen zu der mit Kohlenwasser- stoff kontaminierten Zone, die des
Bekterienwachstum f8rdern, und ausgewAhit sind aus der Gruppe Phosphate,
Nitrate, oder Alkalimetalle. 25 16. Verfahren gemaB, Anspruch 1, ferner
umfassend die Entfernung der Kohlenwasserstoffe durch Erzeu- gung sines
Aerosols. 17. Verfahren zum biologischen Abbau von Kohlenwasserstoffen
durch Einziehen von Sauerstoff in esne mit 30      Kohlenwasserstoff
kontaminierte Zone; umfassend: Einbringen sines Bohrlochs von der
Erdoberflache durch sine mit Kohlenwasserstoff kontaminierte Zone, die
Kohlenwasserstoff abbauende Mikroben enthilt, und das in dem Grundfluid
endet; Einbringen einer fOr Fluids undurchlassigen Einfassung, die koaxial
angeordnet Ist und mit der innenseitigen Oberflache des Bohrlochs, das sich
von der Erdoberfliche zu der mit Kohlenwasserstoff kontaminierten Zone
erstreckt, abdichtend angeschlossen ist; Einbringen einer fOr Fluids
durchlissigen Einfassung, die koaxial an der Innenseite des Bohrlochs ange-
ordnet und fest an das Ende der fOr Fluids undurchlassigen Einfassung
angeschlossen ist und sich von diesem erstreckt; 



stromungsmlBlges Anschlielen einer Unterdruckquelle an die fOr Fluids
undurchilssige Einfassung; 40      Evakuieren von Gas von derfir Fluids
durchlassigen Einfassung um Sauesatoff In die mit Kohlenwasser- stoff
kontaminierte Zone einzuziehen; Oberwachen des Sauerstoff-,
Gesamtwohienwasserstoff-, und Kohlendioxidgehalts des evakuierten Ga- ses;
und Einstellen der Flieggeschwindlgkeit dergestalt, deS die Menge an
biologischem Abbau von Kohlenwas- serstoff innerhalb 50% der maximalen
blologischen Kohlenwasserstoff-Abbaugeschwindigkelt iiegt; und Halten der
Sauerstoff- und Gesamtkohlenwasserstoffkonzentratlon auBerhalb des
explosiven Berelchs. 18. Verfahren gemaB Anspruch 17, ferner umfassend die
Entfernung der Kohlenwasserstoffe durch Erzeu- gung sines Aerosols. 50  12.
Verfahren gem3A Anspruch 10 oder Anspruch 17, ferner umfassend die
Einrichtung von Mittein zur Ent- fernung von Grundfluld von odor nahe von
dem Boden des Bohrlochs und Entfernen des Grundfluids. 20. Verfahren
gemaBAnspruch 19, worin genfgend Grundfluid entferntwird, um das Grundfluid
im wesent- lichen eben Ober die mit Kohlenwasserstoff kontaminierte Zone zu
halten. 55 21. Verfahren gemiB Anspruch 19, worin genigend Grundfluid
entfernt wird, um einen Entnahmebichter In dem Grundfluld zu erzeugen. 12
*   C  L   M  S  * 22. Verfahren gemnal Anspruch 19, worin die Mittel zur
Entfernung des Grundfluids sine Pump. umfassen. 23. Verfahren
gemai3Anspruch 22, worin die Pumpe am oder nahe von dem Boden des Bohriochs
angebracht Ist und stromungsma~ig an sine Rohrleitung angeschlossen !at,
die von der Pumps zu der Erdoberflache 5       ffihrt und wobei die
Rohrleitung sich innerhalb der fOr Fluids durchlassigen und undurchlassigen
Einfas- sungen befindet und einen au~enseitigen Durchmesservon wenigerals
dem innenseitlgen Durchmesser der fOr Fluids durchlassigen und
undurchilassigen Einfassungen aufwelst. 24. Verfahren zur
in-situ-Dkeiontamination von Kohlenwasserstoffmatrial enthaltendem Erdboden
oder 10      Grundwasser, worin eln Bohrloch sich von der Erdoberflache in
eine mit Kohlenwasserstoff kontamrnierte Zone erstreckt, wobei das Bohrloch
einschlieNt sine fir Fiuide undurchlassige Ummantelung, die von der
Erdoberflache her bis zu einer gewahlten Tiefe innerhalb der durch des
Bohrloch durchquerten Zone zu dessen Seitenwand abschliset,
Verbindungswege, die zwischen dem Fluldraum Innerhalb des unteren Endes der
Ummantelung und der Zone bei der gewAhiten Tiefe kommunizieren, und
Einrichtungen zum 15      Pumpen von Gas, die abdichtbnd an die Ummantelung
angeschlossen sind, um Luft von der Erdoberfla- che durch die Zone zu
ziehen, damitwenigstens die flfichtigen Kohlenwasserstoffkomponenten in
derZo- ne durch Pumpen von Fluiddampf vom oberen Ends der Ummantelung zum
FlieSen durch die far Fluids durchlassige Verbindungswege in den Fluidraum
mitgerissen werden, wodurch wenigstens die fliichtigen Komponenten des
Kohlenwasserstoffmateials aus der Zone extrahiert werden, 20      wobel das
Verfahren umfalt Erhohen der Pumpgeschwindlgkeit des Flulddampfs durch die
Ummantelung von der kontaminierten Zo- ne in einer Menge und In einem
AusmaB, die ausreicht die Produktion von Kohlendioxid in dern von der Zone
ausgeleiteten Fluiddampf bis zu einer Konzentration von oberhalb eines
Hintergrundpegels der Koh- lendioxiderzeugung In der Zone zu fordern, wobei
die Konzentratbon des Kohlendioxids mindestens I Vo- 25      lumenprozent
betragt, gemessen als Geschwindigkelt des blologischen Abbaus des
Kohlenwasserstoff- materials durch Kohlenwasserstoff abbauende Mikroben In
der Zone. 25. Verfahren gem&B Anspruch 24, worin die Pumpgeschwindigkeit
frir den Flulddampf von 0,14 bW 7,1 mslmin (5 SCFM bW 250 SCFM) betragt 30
26. Verfahren gemiB Anspruch 24, worin der Kohlendioxidgehalt standig
Oberwacht wird. 27. Verfahren gemAiAnspruch 28, worln der
Kohlenwasserstoffgehaltund Sauerstoffgehaltdes Fluiddampfs im Verhaltnis zu
dem Kohlendioxidgehalt Oberwacht vird, urn zu bestitigen, dag die
Geschwindikeit des blologischen Abbaus der Kohlenwasserstoffkomponenten in
der Zone oberhalb des Hintergrundpegels 35      des Kohlendloxidgehalts der
Zone ist. 28. Verfahren gemiB Anspruch 24, worin die Konzentration des
Kohlendboxids in dem ausgeleiteten Fluid- 



dampf von I Volumenprozent bis 14 Volumenprozent betragt. 40  29. Verfahren
gemrA Anspruch 28, worin die Konzentration des Kohlendioxids von 8
Volumenprozent bis 14 Volumenprozent betragt. 30. Verfahren gemAi Anspruch
24, worin das Kohlenwasserstoffmaterial in der kontaminierten Zone Koh-
lenwasserstoffkomponenten elnschleSt, die sine niedrige Flflchtigkelt zu
ihrer Verdampfung bel Umge- 45      bungstemperaturen und -drflcken In der
Zone aufwelsen. Revondlcatlons 50  1. Procfd6 de biodegradation
d'hydrocarbures par aspiration d'oxygene dans une zone contaminie par des
hydrocarbures, comprenant: i11tablissement d'un trou de forage dans une
zone contaminee par des hydrocarbures ayant des microorganismes d6gradant
les hydrocarbures; lI'tablissement d'une liaison d'ecouiement d'une source
de pression nigative avec le trou de fo- 55      rage; I'evacuation du gaz
du trou de forage pour aspirer de l'oxygene dans la zone contaminee par des
hydrocarbures ; et l'aJustement du debit d'arriv6e d'oxygbne dans la zone
contaminee par des hydrocarbures au-des- 13    EP 0 383 789 B1
*   C   L   M  S    * sus du d6bit d'evaporation maximale des
hydrocarbures, de tells sorte qu'une quantite importante d'hy- drocarbures
solt biod6gradee. 2.  Proc6d6 sulvant la revendication 1 dans lequel la
zone contamin6e par des hydrocarbures comprend un 5       sol poreux. 3.
Proc6d6 suivant la revendication 2, dans lequel l d6bit est compris entre
0,85 et 7,1 m3Imin (30 et 250 fP/min) par puits. 4.  Procede suivant la
revendication 1, dans lequel la zone contamin6e par des hydrocarbures
comprend un 10          sol non poreux. 5. Proc6d6 suivant la revendlcation
4, dans loquel Is d6bit eat compris entre 0,14 et 2,1 r3/min (5 et 75
ft3/min) par puits. 15  6.  Proc6d6 suhvant la revendication 1, dans loquel
Is debit est ajust6 de maniere que Is degre de blod6gra- dation des
hydrocarbures atteigne 50 % du maximum. 7. Procede suivant la revendication
1, comprenant en outre lajustement des concentrations en oxygene et en
hydrocarbures totaux dans le gaz 6vacu6 en dehors de la plage d'explosion.
20 8.  Proced sulvant la revendication 7, comprenant en outre: I
etablissement d'une garniture imperm6able au fluids A distance coaxiale de
le surface intMrieure du trou de forage stesndant de la surface du sol A la
zone contamin6e pardes hydrocarbures et en liaison Mtanche avec cette
surface int6rieure; et 25           I'dtabilsement d'une garniture
perm6able au fluids, espacee coaxialement A i'int6rieur du trou de forage,
en liaison d'ecoulementavec lextr6mite de la garniture impermeable au
fluids ets 'tendantdepuis cette extremite. 9. Procede suivant la
revendication 1, dans lequel Is trou de forage phnbtre dans une zone
capiilalre. 30  10. Proced6 suivant la revendication 1, dans lequel Is trou
de forage penetre dans le fluids souterrain. 11. Procd6 suivant la
revendlcatlon 1, comprenant en outre I'tablissement des trous de forage
multiples qui sont espaces les uns des autres de 1,5 A 92 metres (5 a 300
ft). 35  12. Procede suivant la revendlcation 1, comprenant en outre Is
contrble de la teneur en eau du gaz evacue. 13. Proc6dd sulvant la
revendication 1, dana Isquel les hydrocarbures qul sont biod6grad6s ont un
point d'6bullition compris entre 32 et B160C (90 et 15000F). 40  14.
Proc6de suivant la revendlcatlon 8, dans lequel le diametre Int6rieur des
garnitures permeable au fluids et impermeable au fluids est compris entre
5,1 et 41 cm (2 et 18 inches). 15. Procfdh sulvant la revendication 1,
comprenant en outre I'addition de substances nutritives qui favorlsent Ia
croissance bact6rienne a Ia zone contaminie par des hydrocarbures cholsies
dans le groups compre- 



45      nant des phosphates, des nitrates ou des m6taux alcalins. 16.
Proc6de sulvant la revendication 1, comprenant en outre Il6elmination des
hydrocarbures en cr6ant un a6- rosol. 17. Procede de bbodegradation
d'hydrocarbures par aspiration d'oxygene dans une zone contaminde par des
50      hydrocarbures, comprenant: IMetablissement d'un trou de forage
partant de la surface du aol, traversant une zone contaminie par des
hydrocarbures ayant des microorganlsmes d6gradant les hydrocarbures, et se
terminant dans le fluids souterrain; Ietablissement d'une garniture
impermbable au fluide espac6e coaxialement de la surface Inte- 55
rieure du trou de forags et en liaison Mtanche avec elle, s'etendant depuls
la surface du sol jusqu'A la zone contamin6e par des hydrocarbures;
Ietablissement d'une garniture perm6able au fluids espacbe coaxialement a
i'Interieur du trou de 14    EP 0 383 789 B1                         *   C
L   M   S     * forage, rellie fixement A l'extremite de la garniture
Impermeable au fluids et s'otendant depuis cette ex- tremtit;
I'etabiissement d'une liaison d'ecoulement d'une source de pression
n6gative avec la garniture im- permeable au fluids; 5
I'evacuatlon du gaz de la garniture perm6able au fluids pour aspirer de
l'oxygene dans la zone contaminee par des hydrocarbures; Is contrOle de la
teneur en oxygene, en hydrocarbures totaux et en anhydride carbonique du
gaz 6vacue ; et I'aJustement du d6bit de maniere que le degr6 de
biodegradation des hydrocarbures attelgne 50 10      % de la vitesse
maximale de biodegradation des hydrocarbures; et A maintenir la
concentration en oxy- gene et en hydrocarbures totaux en dehors de la plage
d'exploalon. 18. Proc6d6 sulvant la revendication 17, comprenant en outre
I'6eimination d'hydrocarbures par cr6ation d'un a6rosol. 15 19. Procede
sulvant la revendication 10 ou la revendication 17, comprenant en outre la
miss en place des moyens servant A extralre du fluido souterrain depuls le
fond ou pros du fond du trou de forage eta 6olminer co fluids souterrain.
20. Proc6dd suivant la revendlcatlon 19, dans lequel on 6llmine
suffisammont de fluids soutorrain pourmaln- tenir co fluids principalement
de niveau au travers de la zone contamin6e par des hydrocarbures. 21.
Proceri suivant la revendication 19, dans lequel on 6eimine suffisamment de
fluide souterrain pour cr6er un cone de dopression dans l fluide
souterrain. 25  22. ProcWdh sulvant la revendlcation 19, dans lequel les
moyens d'extraction de fluids souterrain consistent en une pompe. 23
Procid5 suivant la revendication 22, dans lequel la pompe est disposee au
fond ou pres du fond du trou de forage et est miss en liaison d'6coulement
avec un conduit qui va de la pompe A la surface du sol et 30      qul est
disposee dans les garnitures perm6able et impermeable au fluids et presentb
un diametre ext6- rieur lnferieur au diambtre Intbrleur des garnitures
permeable et impermnable au fluids. 24. Procede de decontamination in situ
d'un sol ou d'une eau souterraine contenant une matibre hydrocar- bonee,
dans loquel un trou de forage s'6tend depuis la surface du sol dans une
zone contaminbe par des 35      hydrocarbures, ledit trou de forage
comprenant un tubage impermeable au fluids, relie de fagon Mtanche A ea
parol lat6rale depula la surface du sol jusqu'A une profondeur choislo dans
ladito zone travers6e par Is trou de forage, des passages de fluids
communiquantentre l'espace de fluids dans l'extremite inferleure dudit
tubage et la zone A la profondeur choisle, et des moyens de pompage du gaz
en liaison Mtanche avec le tubage pour aspirer de l'air depuis la surface
du sol A travers ladite zone afin d'entratner au moins 40      lee
composants hydrocarbonds volatils pr6sents dans cette zone pour qu'lls
s'6coulent dans l'bspace de fluids par les passages permeables au fluids
par pompage de vapeur de fluide depuis l'extromite supe- rieure du tubage
afin d'extraire ainsi au moins lee composants volatils de la matiere
hydrocarbonee de 



ladite zone, le procede comprenant: I'accroissement de la vitesse de
pompage de vapeur de fluids a travers le tubage depubs la zone 45
contamines en une quantite et dans une mesure suffisantes pour activer la
production d'anhydride car- bonique dans lavapourdeflulde recuelille de
laditezonejusqu'aiuneconcentration superieure A un niveau de bass de
generatlon d'anhydride carbonique dans laditb zone, cette concentration en
anhydride car- bonique etant d'un minimum de I % en volume, comme mesure de
la vitesse de biodegradation de la ma- tiMre hydrocarbon6e par des
microorganismes degradant lea hydrocarbures dans ladite zone. 50 25.
Procedd suivant la revendication 24, dans lequel la vitesse de pompage de
la vapeurde fluide va de 0,14 a 7,1 m31min (5 A 250 ft3/min). 26. Procede
sulvant la revendication 24, dans loquol la teneuren anhydride carbonique
est contr~l6e on conti- nu. 55 27. Procede sulvant la revendication 26,
dans lequel la tbneur en hydrocarbures et la teneur on oxygbne de la vapeur
de fluide sont contr~lhes par rapport Ia teneur en anhydride carbonique
pour confirmer le fait 15    que la vitesse de blod6gradation des
composants hydrocarbon6s dans ladito zone eat au-dessus de la teneur de
base en anhydride carbonique de ladite zone. 28. Proc6d6 sulvant la
revendication 24, dans loquel la concentration en anhydride carbonique dans
la vapeur 5       de fluide recusillib va do I a 14 % en volume. 29.
Proo6de suivant la revendication 28, dans lequel la concentration en
anhydride carbonique va de 6 A 14 % en volume. 30. Pro6dde suivant la
revendbcation 24, dans lequel la matiere hydrocarbonee pr6sente dans la
zone conta- 10         min6e comprend des composants hydrocarbon6s ayant
une falble volatilite permettant leur 6vaporation aux temperatures et aux
presslons amblantes dans ladite zone. 15 20 25 30 35 40 45 50 55    


