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1
CONTAMINANT REMEDIATION,
BIODEGRADATION AND VOLATILIZATION
METHODS AND APPARATUSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application of
U.S. patent application Ser. No. 07/800,545 to Jeffery F.
Billings and Gale K. Billings, filed on Nov. 27, 1991 (issued
as U.S. Pat. No. 5,277,518), entitled Contaminant Remedia-
tion, Biodegradation and Removal Methods and Appara-
tuses, which is a continuation-in-part application of U.S.
patent application Ser. No. 07/712,919, entitled Subsurface
Remediation, Biodegradation and Extraction Methods and
Apparatuses, to Jeffery F. Billings and Gale K. Billings, filed
on Jun. 7, 1991, now U.S. Pat. No. 5,221,159, which is a
continuation-in-part application of U.S. patent application
Ser. No. 07/500,767, entitled Subsurface Volatilization
Method and System, to Jeffery F. Billings, filed on Mar. 28,
1990, now abandoned, the teachings all of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention (Technical Field)

The present invention relates generally to methods and
apparatuses for in situ remediation of organic contaminants,
such as hydrocarbons, and inorganic contaminants, such as
metals, from subsurface soil and ground water. In situ
remediation of excavated materials and surface spills of
lignid contaminants also may be conducted utilizing the
present invention.

2. Background Art

The background of the present inventions is discussed in
depth in U.S. patent application Ser. No. 07/712,919,
entitled Subsurface Remediation, Biodegradation and
Extraction Methods and Apparatuses, to Jeffery F. Billings
and Gale K. Billings, filed on Jun. 7, 1991, and in U.S. patent
application Ser. No. 07/500,767, entitled Subsurface Vola-
tilization Method and System, to Jeffery F. Billings, filed on
Mar. 28, 1990, now abandoned, the teachings of both of
which are incorporated herein by reference.

The vacuum extraction inventions disclosed in the above
two applications (and all known vacuum extraction systems)
have, due to the use of extraction wells having perforations
near the bottom thereof, encountered problems with the
upwelling or condensation of contaminated subsurface
water into the extraction wells, and concomitant fouling of
the extraction wells and pumps, thus necessitating expensive
surface water treatment equipment. The present invention
solves this problem in a number of ways, while enhancing
remediation.

Additionally, as disclosed herein, the liquid contaminant
extraction apparatus and method of U.S. patent application
Ser. No. 07/712,919 may be employed to remove contami-
nants from surface waters, such as lakes, rivers, seas, and
oceans.

Furthermore, as disclosed herein, the volatilization inven-
tions employing injection wells disclosed in U.S. applica-
tions Ser. Nos. 07/712,919 and 07/500,767 may be used with
or without extraction wells.

SUMMARY OF THE INVENTION
(DISCLOSURE OF THE INVENTION)

The present invention comprises in situ methods and
apparatuses for removal of contaminants from soil or from
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2
ground water, or both.

The first method and apparatus comprises establishing in
situ at least one venting well having gas-permeable openings
at an upper portion thereof, whereby volatile contaminants
in the ground water or soil are removed through the venting
well. In the preferred embodiment, at least one injection well
is established in situ and an oxygen-containing substance,
such as a gas or fluid, is injected into the injection well.
Optionally, a vacuum is applied to the venting well. Pref-
erably, the venting well and the injection well are within two
hundred feet of one another and make up a well nest. The
injection well, depending on site stratigraphy, is preferably
within ten feet of the venting well and may be adjacent the
venting well within a same bore hole. Preferably, the oxy-
gen-containing gas is heated by solar heating, the venting
well comprises a condensate drain at a lower end thereof,
and microorganisms and nutrients, food, or both, are pro-
vided to a subsurface contaminated zone. The invention may
additionally comprise sampling soil or water, isolating at
least one microorganism useful in biodegrading the con-
taminants, fermenting the isolated microorganisms to
increase their population, and inserting the fermented micro-
organisms into the subsurface. The invention may also
comprise providing an elongated tube reservoir capped at
one end (preferably to the bore hole of a venting well, an
injection well, or both), providing entry ports in the elon-
gated tube reservoir, surrounding the entry ports with filtra-
tion means, and collecting contaminants in the elongated
tube reservoir by passage thereof through the filtration
means. The invention may further comprise impregnating
water with microorganisms useful in biodegradation of the
contaminant, confining the impregnated water to one or
more containers, and bubbling contaminants from the vent-
ing well through the impregnated water within the contain-
ers. Preferably, the venting well additionally comprises
gas-permeable but low capillary-lift fill material below the
gas-permeable openings in the venting well.

The second method and apparatus of the invention com-
prises: establishing in situ a venting lateral comprising
gas-permeable openings therein; establishing in situ a plu-
rality of injection wells; and injecting oxygen-containing gas
or other substance into the injection wells; whereby volatile
contaminants in the ground water or soil are removed
through the venting lateral. Optionally, a vacuum is applied
to the venting lateral. Preferably, the venting lateral and the
injection well are within two hundred feet of one another and
make up a well nest, the oxygen-containing gas or other
substance is heated by solar heating, and microorganisms
and nutrients, food, or both, are provided to the subsurface.
The invention may additionally comprise sampling soil or
water, isolating at least one microorganism useful in biode-
grading the contaminants, fermenting the isolated microor-
ganisms to increase their population, and inserting the
fermented microorganisms into the subsurface. The inven-
tion may also comprise providing an elongated tube reser-
voir capped at one end (preferably to an injection well),
providing entry ports in the elongated tube reservoir, sur-
rounding the entry ports with filtration means, and collecting
contaminants in the elongated tube reservoir by passage
thereof through the filtration means. The invention may
further comprise impregnating water with microorganisms
useful in biodegradation of the contaminant, confining the
impregnated water to one or more containers, and bubbling
contaminants from the venting well through the impregnated
water within the containers. Preferably, the venting well
additionally comprises one or more vertical vents beneath
the gas-permeable openings of the venting lateral. The
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vertical vent may be a gas-permeable chimney of sand or a
venting well having gas-permeable openings therein and,
optionally, being fluidly connected to the venting lateral, or
a combination of the two types (a venting well extending
partially down a sand chimney).

The third method and apparatus of the invention com-
prises: establishing in situ a venting lateral comprising
gas-permeable openings therein; and placing a vertical vent
beneath the venting lateral; whereby volatile contaminants
in the ground water or soil are removed through the venting
lateral. In the preferred embodiment, at least one injection
well is established in situ and oxygen-containing substance,
such as a gas, is injected into the injection well. Optionally,
a vacuum is applied to the venting lateral. Preferably, the
venting lateral and the injection well are within two hundred
feet of one another and make up a well nest, the oxygen-
containing gas is heated by solar heating, and microorgan-
isms and nutrients, food, or both, are provided to the
subsurface. The invention may additionally comprise sam-
pling soil or water, isolating at least one microorganism
useful in biodegrading the contaminants, fermenting the
isolated microorganisms to increase their population, and
inserting the fermented microorganisms into the subsurface.
The invention may also comprise providing an elongated
tube reservoir capped at one end (preferably to an injection
well), providing entry ports in the elongated tube reservoir,
surrounding the entry ports with filtration means, and col-
lecting contaminants in the elongated tube reservoir by
passage thereof through the filtration means. The invention
may further comprise impregnating water with microorgan-
isms useful in biodegradation of the contaminant, confining
the impregnated water to one or more containers, and
bubbling contaminants from the venting well through the
impregnated water within the containers. Preferably, the
vertical vent is beneath the gas-permeable opening of the
venting lateral. The vertical vent may be a gas-permeable
chimney of sand or a venting well having gas-permeable
openings therein and, optionally, being fluidly connected to
the venting lateral, or a combination of the two types {a
venting well extending partially down a sand chimney).

The fourth method and apparatus of the invention com-
prises: establishing in situ at least one injection well into the
ground water; injecting oxygen-containing substance, such
as a gas, into the injection well to volatilize and biodegrade
contaminants in the ground water and soil; and permitting
upward migration of the volatilized and biodegraded con-
taminants without one or more venting conduits. In other
words, no venting wells, venting laterals, or equivalent
equipment is used. Preferably, the oxygen-containing gas is
beated by solar heating and microorganisms and nutrients,
food, or both, are provided to the subsurface. The invention
may additionally comprise sampling water or soil, isolating
at least one microorganism useful in biodegrading the con-
taminants, fermenting the isolated microorganisms to
increase their population, and inserting the fermented micro-
organisms into the subsurface. The invention may also
comprise providing an elongated tube reservoir capped at
one end (preferably to an injection well), providing entry
ports in the elongated tube reservoir, surrounding the entry
ports with filtration means, and collecting contaminants in
the elongated tube reservoir by passage thereof through the
filtration means.

The invention optionally may comprise the use of an
expander apparatus which permits lateral injection of sub-
stances radially outward from the well bore. One or more
hollow radial injection tubes may be connected to a source
of injected substances, placed down-well in a vertical dis-
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position, and then pivoted through a vertical angle radially
outward from the well. The pivoting of the radial injection
tubes gives them a variable degree of horizontal disposition,
so that substances may be forced through them radially
outward from the well to enhance injection efficiency.

In all embodiments, the rate of biodegradation is control-
lable by varying the oxygen available to the biodegrading
organisms. By deliberately manipulating the available oxy-
gen, the user is able to increase or suppress the rate of
bio-organism reproduction and metabolism, with a corre-
sponding effect upon the rate of biodegradation of contami-
nanis.

Accordingly, a primary object and purpose of the present
invention is to provide an improved method and associated
system for removing contaminants which does not suffer
from the deleterious effects of upwelling and condensation
of contaminated liquid water.

Another object of the present invention is to remove
contaminants from a subsurface aquifer and from surface
water, the contaminants being removed in relatively pure
form.

An additional object of the present invention is to provide
a method and system of removal of contaminants from
subsurface soil as well as from ground water.

Another object and purpose of the present invention is to
provide a relatively inexpensive method and system for in
situn removal of contaminants from subsurface ground water
and soil, as well as from surface waters.

A primary advantage of the present invention is that it is
relatively inexpensive, efficient, and quick because of the
combination of technologies employed.

An additional advantage of the present invention is that it
integrates simultaneous remediation of free-product, soil
residual, vapors, and contaminated ground water. If the
invention is operated in the subsurface, these processes take
place in: (a) the vadose zone; (b) the capillary fringe zone
between the vadose zone and the water table; (c) at the water
table; and (d) below the water table, synchronously. It does
so by synchronous attack upon each of the physical and
chemical characteristics of the four types of contamination.
The invention is also operable above ground, for example,
on excavated materials.

Yet another advantage of the present invention is that
contaminated air may either be vented or treated before
venting.

An additional advantage of the present invention is that
liquid hydrocarbon contaminant may be removed from
contaminated water such that the hydrocarbon contaminant
is pure enough to be refined rather than handled as a toxic
waste.

Other objects, advantages, and novel features, and further
scope of applicability of the present invention will be set
forth in part in the detailed description to follow, taken in
conjunction with the accompanying drawings, and in part
will become apparent to those skilled in the art upon
examination of the following, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and attained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated into
and form a part of the specification, illustrate several
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embodiments of the present invention and, together with the
description, serve to explain the principles of the invention.
The drawings are only for the purpose of illustrating a
preferred embodiment of the invention and are not to be
construed as limiting the invention.

FIG. 1 is a schematic illustration in cross-section of a
subterranean soil formation having a water table, and
wherein the method and system of the present invention are
being applied;

FIG. 2 is a plan view of an array of wells connected to a
single compressor/vacuum pump station;

FIG. 3 is a schematic illustration in cross-section of a
subterranean soil formation having a water table, wherein
the preferred method and system of the present invention are
being applied;

FIG. 4 is a schematic illustration in cross-section of a
subterranean soil formation having a water table, and
wherein an alternative method and system of the present
invention are being applied;

FIG. 5 is an exterior view of the free-product extraction
apparatus of the invention;

FIG. 6 is an interior exposed view of the free-product
extraction apparatus;

FIG. 7 is a further interior exposed view of the free-
product extraction apparatus;

FIG. 81is an exterior view of the biotreater apparatus of the
invention;

FIG. 9 is an interior exposed view of the biotreater
apparatus;

FIG. 10 is an illustration of interbasal components of the
biotreater apparatus;

FIG. 11 is an illustration of a portion of the FIG. 3
embodiment, showing the optional injection radius exten-
sion elements of the invention; FIG. 12 is an enlarged view
of a portion of the FIG. 11 embodiment, showing the
injection radius extension elements in a collapsed position;
and FIG. 13 is an additional view of the FIG. 12 embodi-
ment, showing the injection radius extension elements in an
extended position;

FIG. 14 is a top view of the embodiment of FIG. 13; and

FIG. 15 illustrates an alternative embodiment of the
embodiment of FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

BEST MODES FOR CARRYING OUT THE
INVENTION)

The present invention relates to methods and apparatuses
for remediating, biodegrading, and extracting organic and
inorganic contaminants.

The air-injection methods and apparatuses of the present
invention are preferably employed to remove contaminants
from subsurface soil and ground water by physical, chemi-
cal, and biological means, in sii. However, the same
methods and apparatuses may be employed in man-made
landfills, with excavated soils, to directly treat industrial
wastes, and the like. The air-injection/air-venting systems of
the invention may be combined with bio-treatment of con-
taminated gases prior to venting, extraction of contaminants
from water, injection of contaminant-consuming microbes
into the contaminants, and growth stimulation of natural or
injected microbes by subsurface injection of nutrients (pre-
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6

dominantly inorganic compounds), food (predominantly
organic compounds), or both.

The liquid contaminant extraction method and apparatus
of the invention is preferably used to remove free liquid
contaminants from subsurface water. However, the inven-
tion may also be used to remove liquid contaminants from
surface waters. For example, the invention may be used to
assist in remediation of hydrocarbon spills (e.g., from an oil
tanker spill) so as to recover contaminants which are there-
after relatively pure and therefore commercially useful.

Referring to FIGS. 1 and 3, the preferred embodiment of
the present air-injection invention is illustrated therein as
directed to the remediation of a contaminated site 10,
wherein there is a vadose zone 12 overlying a ground water
reservoir or aquifer 14. The contamination will be present in
the ground water reservoir or aquifer 14 and in the vadose
zone 12. The upper boundary of the aquifer 14 is defined by
the level of the water table 16. It will be recognized that
there may be a capillary zone (not shown separately) above
the water table 16, in which water is drawn upwardly into the
vadose zone 12 by capillary action, and the term “vadose
zone” is intended to cover this capillary zone. In general, the
capillary zone will be contaminated if the ground water itself
is contaminated.

In the preferred embodiment, a plurality of injection wells
18 extend from the ground surface 20 to a level beneath the
water table 16 into the aquifer 14. The injection wells 18 are
connected to an air compressor 22 via manifold 102. The air
compressor 22 preferably has a capacity of at least approxi-
mately 10 to 300 cubic feet per minute (cfm) at 1 to 100
pounds per square inch (psi). Air or other oxygen-containing
gas or fluid is introduced into the injection well 18 via the
air compressor 22. The term “air,” as used throughout the
specification, is intended to include oxygen-containing
gases.

Other oxygen-containing substances besides air or other
oxygen-containing gases may alternatively be employed in
the successful practicing of the invention. The bioremedia-
tion aspect of the invention includes the introduction of
substances into the subsurface to augment the oxygen avail-
able for microbial metabolism. Oxygen-containing fluids,
including liquids, may be used. Non-limiting examples of
oxygen-containing fluids useable in the invention are liquid
peroxides (e.g., hydrogen peroxide) and aqueous or other
solutions of nitrate or sulfate compounds. Similarly, solid
substances or mixtures of substances which contain bio-
chemically available oxygen (perhaps after dissolution in
water) may be introduced directly into an injection well 18.
For example, solids (generally powdered) such as NO,
and/or SO, compounds {e.g., nitrates and sulfates), or vari-
ous peroxides which are solid at standard conditions of
temperature or pressure (e.g., calcium peroxide) may be
introduced into injection wells 18 to augment available
oxygen.

The injection wells 18 are preferably made of common
materials such as polyvinyl chloride (PVC). Injection welis
are completed and emplaced using common well method-
ology. The injection wells 18 preferably include a gas-
impermeable well liner 24, such as a PVC pipe, along the
major part of its length. The injection well 18 extends to a
depth of preferably one to 100 feet beneath the water table
16. The depth of penetration below the water table 16
depends on the thickness or extent of the contaminated
portion of the ground water aquifer 14. Air, or other oxygen-
containing substance, is introduced into the injection well 18
and exits the injection well 18 through a screen 26 or other
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perforated material, of a common manufactured type, into
the aquifer 14 at the chosen depth.

The end of the injection well 18 in the aquifer 14 contains
openings, such as from a gravel-packed, 1040 slot screen
26 or piping with holes or perforations. The screen 26
functions as a sparger to introduce pressurized air into the
aquifer 14, so as to stimulate circulation of the water and
mixture of the air and water. Injection is accomplished at
low to moderate air pressures.

Venting wells 28 are located in the vadose zone 12 within
a predetermined distance from an injection well 18. The
relative distance in both the horizontal and vertical dimen-
sions between injection wells 18 and venting wells 28 is
critical to proper operation of the present system. These
distances are chosen based on site characteristics. This “well
nesting” is discussed in detail in the 919 application. There
may be “nests” having a plurality of extraction wells for
each injection well, a plurality of injection wells for each
extraction well, or pairs of injection/extraction wells (from
200 feet apart to within the same boreholes). A venting well
28 includes a gas-impermeable pipe 30 along the major
portion of its length, with a space between the pipe 30 and
the well hole. The upper end of venting well 28 contains
perforations or openings 32, such as a sparger from a gravel
packed, 1040 slot aperture size well screen or piping with
holes in it. The lower portion of venting well 28 comprises
fill material 110 packed around pipe 30. Fill material 110 is
preferably relatively permeable to air and other gases yet
having low-capillary lift properties. Preferably, fill material
110 is silica sand. Such fill material 110 permits air and
contaminants to pass up venting well 28 and through screen
32 yet resists upwelling and condensation of contaminated,
liquid, ground water, which are typically present in prior art
venting wells perforated at the lower end, and prevents
clogging of openings 32 and fouling of vacuum pumps 34,
where employed. Preferably, the lower portion of venting
well 28 additionally comprises a condensate drain which
releases condensate back into the vadose zone rather than
accumulating condensate at the bottom of venting well 28.

Venting wells 28 may be, but need not be, connected to a
fan or vacuum pump 34 via manifold 104. If employed, the
fan or vacuum pump 34 is preferably of a capacity of 10 to
300 cfm. Injection of air via injection wells 18 volatilizes
contaminants and forces these contaminants and contami-
nant-breakdown byproducts up and into venting wells 28. If
employed, the fan or vacuum pump 34 assists in drawing the
volatile contaminants and byproducts into venting wells 28
in a controlied manner.

In an alternative embodiment of the invention, air injec-
tion wells 18, in the absence of extraction wells, are utilized
to volatilize contaminants and provoke biodegradation of
contaminants. The volatilized contaminants rise to the sur-
face and are vented to the atmosphere. Obviously, this
embodiment should not be utilized when control of the
vented gases is desired or required.

FIG. 4 illustrates another alternative embodiment of the
method and system of the present invention. In this embodi-
ment, injection wells 18 are constructed as in the preferred
embodiment illustrated in FIGS. 1 and 3. Venting laterals
106, comprising gas-impermeable piping having screens or
perforations 108 therein, permit ingress of air, contaminants,
and biodegradation byproducts. Venting laterals 106 are
beneath surface 20 far enough to prevent migration of
surface water into laterals 106. Such location eliminates the
fouling of venting wells near the water table by subsurface
water, and fouling of venting pumps by condensate, asso-
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ciated with previously existing vacuum extraction and vent-
ing systems. Venting laterals 106 additionally comprise
conduits 112 leading to surface 20. Optionally, venting fans
or vacuum pumps 34 are fluidly connected to one or more
conduits 112.

As illustrated in FIG. 4, the alternative method and system
of the invention may optionally comprise venting chimneys
114 beneath one or more lateral screens 108. Venting chim-
neys 114, preferably shafts filled with silica sand (or other
gas-permeable, low capillary-lift material), permit upward
migration of air, contaminants, and by-products, but dis-
courage upward migration of liquid water. Venting chimneys
114 may additionally comprise (not shown) PVC piping
having one or more screens or openings therein; the vertical
piping may connect to venting lateral 106 or may connect to
a separate venting manifold. As is readily observable by
those skilled in the art, venting laterals 106 may be
employed without venting chimneys 114 or with any com-
bination of silica sand shafts, vertical PVC piping, or other
venting means known in the art, depending on site stratig-
raphy and other factors. For example, a silica sand venting
chimney may have vertical piping extending only through an
upper portion of the chimney.

The gas-impermeable piping 24 and 30 of the injection
and venting wells 18 and 28 and of venting laterals 106 may
consist of metal or plastic piping, such as one- to two-inch
PVC piping. The annulus of all wells (opening between
borehole and pipe) is preferably sealed above the screens
(e.g., with a bentonite/cement mixture 116) to prevent suc-
tion loss and migration of surface water and free contami-
nants to the subsurface.

Where a liquid contaminant is known to be present as
free-product within the ground water 14 (or in the soil above
the water table), the following method of separation and
extraction is employed. FIG. 5 illustrates the preferred
method and apparatus for free-product extraction. A free-
product extractor 50 is inserted in an extended venting well
28. The extractor 50 comprises a hollow reservoir 52, end
cap 54, and an entry cartridge 56. The entry cartridge 56
comprises a protector 58, outer ports 60, and a filtration
screen 62. The filtration screen 62 comprises an outer layer
68 and a hydrophobic filter 66. The entry cartridge 56 covers
inner ports 70 permitting passage of fluid contaminants to
the hollow interior 64 of the reservoir 52. Free product
extractor may be used in situ or in various configurations for
surface, laboratory, or industrial use.

Non-dissolved liquid contaminant is separated from
ground water 14 (or extracted from soil above the water
table) by placing entry cartridge 56 in contact with the
contaminant/water mixture (or contaminant/soil mixture)
found at the bottom of an extended venting well 28. Alter-
natively, free-product extraction apparatuses 50 may be
placed in bore holes of insertion wells 18, or a combination
of insertion wells 18 and venting wells 28, or in entirely
separate bore holes. The contaminant/water mixture contacts
filtration screen 62 through outer ports 60. Subsurface fluid
pressures force liquid contaminant through filtration screen
62 into the interior 64. However, water does not enter
interior 64 because it cannot pass through hydrophobic filter
66. Subsurface fluid pressures, and not pumping pressures,
force fluid contaminant to gradually fill reservoir 52. The
reservoir 52 then is pumped and allowed to refill before
further pumping. This under-pumping allows the well to
retain maximum efficiency.

According to the invention, the following method is
employed to extract, analyze, ferment, and reintroduce






