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ABSTRACT: The effectiveness of nuclear explosions in an oil
shale stratum to create a mass of shale rubble, suitable for in
situ retorting, is increased by hydraulically fracturing prior to
the explosion a portion of the stratum above the level of the
stratum which will be shattered by the explosion.

gt

SR AR, WA W W L W VL V. . 0, U, S A . %




PATENTED JuL20 197 3 593 788

<

>

\ !7_4

L N . . W N L N N e
T T L ARG § BIAAN

D L . " i W O L Y O VDL ¥

r 1A {
14 7 1 Em, , N
/_F}YJLEE i
i M. S N = 3l S BN

Fl6. 2

INVENTOR.
H.W. PARKER
v BY
= F16.3 /%wy § Guusq

ATTORNEYS



3,593,788

1

CRUSHING OIL SHALE WETH NUCLEAR EXPLOSIVES

This invention relates to cri.nshing oil shale with nuclear ex-
plosives. In one aspect the invention relates 1o creating a mass
of shale rubble from which oil can be recovered in situ. In
another aspect the invention riates to a method for increasing
the yield of crushed or shettered shale from the detonation of
a nuclear device in an oil shale siratum.

Ol is produced from oil shale by heating the shaie to a tem-
‘perature above about 500° F. At this temperature, kerogen, an
organic substance present in the shals, decomposes or is con-
verted to oil. In order 1o produce oil from oil shale in situ, it is
necessary to fracture tie shale 1o reader the process commer-
cially feasible. The in situ retocting of shattered or broken
shale in nuclear chimneys produced by positioning and actuat-
ing a nuclear explosive device in a shale siratum is disclosed
by M. A. Leakas and N. C. Carpenter in an article entitled -

Fracturing Oil Shale with Nuclear Explosives for In Situ Re- n

torting™ presented in the Quarterly of the Colorade Schoal of
Mines, Vol. 60, No. 3, July 1965, Pages 7—30. The nuclear
chimney in an oil shale is a highly permcable mass of broken
and displaced shale ranging in size from blocks 2 to 3 feet
across down to sand-sized grains. 4250 kiloion device zet off
in a thick shale formation is estimated to create a collupse
chimncy 400 feet in diameter 2nd 1,600 feet high.

The permeability of this mass of crushed and broken shale
makes it feasible to producs oil from the mass by in situ retort-
ing methods known in the art. Known methods include the in-
jection of hot gases &t temperatures of 500 to 1,000° F. and in
situ combustion of a portion of the shalz oil and driving out
another portion with the resulting heat and gases.

The cost of a nuclear device is a substantial part of the cost
of such a shale oil recovery program. Another cost factor in
this method of recovering oil is the depth and diameter of the
bore hole which must be drilled to place the nuclear device at
the desired level in the stratum. The device will usually be
placed deep in the stratum to avoid surface contamination by
radio active products of the explosion, The dizmeter of a
nuclear device increases with the energy yicld of the device.
High yield devices require a lacpe diameter bore hole, in some
cases up lo 36 inches in diameter, and drilling such a bore hole
involves a great deal of expense. By the practice of this inven-
tion, which involves an initial fracturing step, a nuclear device
of a lesser energy yield can be utilized 1o create 2 mass of
broken shale which is comparable in sizs to a mass produced
by a greater energy yield device.

Accordingly, it is an object of this invention to reduce the
cost of recovering oil from oil shale in situ.

Another object of the fgvention is to increase the yield of
crushed shale reseiting from the detonation of a nuelear
device in a shale stratum.

Another object of the invention is to reduce the diameter of
the bore hole utilized to implace nuclear devices in a shale
stratum to crush e given amount of shalzs.

These and other objects will be apparent to one skilled in
the art upon consideration of the specification, drawings, and
appended claims.

FIG. 1 is a schematic cross-sectional view of one embodi-
ment of the invention.

FIG. 2 is a schematic cross-scctional view of another em-
bodiment of the invention.

FIG. 3 is a top plan view of the embGodiment illustrated in
FIG. 2.

According to the invention, there is provided a method
whereby the effectiveness of a nuclear device detonated in an
oil shale stratum to crush and shatter the shale is increased
comprising fracturing the stratum prior to detonation of the
device above the point at which the nuclear device is
detonated. The entire zone from the level at which the nuclear
device is emplaced to the upper limit of the oif shale strata can
be fractured to form a larger mass of shale rubble than would
result from the detonation of the nuclear device without such
a fracturing.
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In one embodiment of the invention, the bare hole which is
drilled to provide access for positioning the nuclear device in
shale stratum is-utjlized to fracture the stratum 4t the desired
1Svel. Generally this bore hole will be-cased; the-casing can be

crforated at the desired level and the hole plugged back.
Conveational hydraulic {racturing methods can then be used
to fracture the stratum radially and vertically to the desired
extent,

In anothier embodiment of the invention a plurality 06 bore
holes extending to the desired level in the stratum are pro-
vided about 2 central bore hole which is utilized to position
the nuclear device. Fracturing of the desired zone of the
stratum is carried out by employing the plurality of bore holes.
The central bore hole can also be used in combination with
the plurdlity of bore holes to fracture the stratum to the
desired extent.

The cxtent to which the formation is fractured depends
upon the size or energy yield of the nuclear device utilized to
crush the shale, the level above the device at which the
stratem is to be fractured and the degree of permeability
which is desired in the final resulting mass of rubble. There are
several suitable methods of fracturing a subsurface stratum
known in the art. When hydraulic fracturing is used, propping
ugents, such as sand, walnut shells, aluminum pellets and the
tike can be included in the fracturing fluid to retain the frac-
tures open. The fracturing fluid and propping agents, having a
different density than the shale, provides for refraction of
shock waves from a nuclear explosion and the refraction
resulisin 2 greater shattering of the shale.

Referring now to the drawings wherein like reference nu-
merals denote like elements, the invention will be described in
dewil. In FIG. 1, a bore hole 10 extends from the surface 11,
through an overburden formation 12, which does not contain
oil, through a stratum of oil shale 13 and into an underlying
stratem 14 which docs not contain oil, In the practice of the
method of the invention, the bore holc 10 is plugged back as is
shown at 16 sbove the level of an anticipated initial collapse
chimney (shown by a broken line 17) which would result from
the detonation of a nuclear device without the fracturing step.
If the bore hole is cased, perforations are made in the casing.
The zome Letween t8e level of plugged portion 16 and the
upper limit of shale stratus 13 is fractured The fracture system
s0 produced is denoted generally by reference numeral 18.
Fracturing in the anticipated initial collapse chimaey, shown
as 18a, enhances the effect of the nuclcar device in crushing
the shale. Because of ease af operation and well developed
techniques, hydraulic fracturing is presently preferred. A
nuclear device 19 is positioned in the bottom of bore hole 10
before or after the fracturing step. Upon detonation of the
device there is created a cylindrical mass of shale rubble
which extends 1o the upper limits of shale stratum 13.

In an alternative method the drilling of bore hole 10 can be
interTupted at the desired level in the stratum, allowing frac-
turing without the necessity of plugging the hole back. This
methad is pariicularly advantageous when conventional
moleculzr explosives ase used to fracture the formation. The
bore hole can then be extended to the desired depth an oil
shale 13 or stratus 14 and the nuclear device positioned and
actuated.

FIGS. 2 and 3 illustrate en embodiment of the invention
wherein the zone is fractured through a plurality of bore holes
in tite stratum rather then relying upon a single central bore
hole.

IN FIG. 2, a central bore hole 10 extends to the bottom of
oil shale stratum 13 and bore holes 21 and 22 extend to a level
immediately above the top of the anticipated Initial collapse
chimney 17. Bore holes 21 and 22 are representative of a plu-
rality of bore holes which can be positioned about central bore
ole 10. The stratum between the top of collapse chimney 17
and the upper limits of stratum 13 is extensively fractured cm-
ploying fluid pumped under high pressure through the plurali-
ty of bore holes including bore hole 10. Bore holes 21 and 22
are of a relatively small diameter compared to bore hole 10
since they are required to transport fracturing fluid only. The
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detonation of nuclear device 19 in bore hole 10 results in a
mass of shale rubble or a chimney which extends substantially
through the thickness of the stratum, whereas, if the stratum
had not been fractured prior to the detonation, the chimney
would be defined as shown by line 17. The prefracturing step
allows the use of a smaller yield energy device and permits the
drilling of a smaller diameter bore hole (10) to implace the
device in the stratum.

FIG. 3, a plan surface view shows wells 21, 22, 23, and 24
positioned in a ring pattern about well 10. Additionally there
is depicted a fracture system I8 which is formed in the
stratum.

Reasonable modification and variation, such as positioning
the plurality of wells shown in FIGS. 2 and 3 in other than a
ring pattern, are within the scope of the invention which
defines a novel method of crushing oil shale.

That which [ claim is:

L. In a method of increasing the effectiveness of a nuclear
device detonated in a central bore hole in an oil shale stratum
in forming a mass of shale rubble comprising fracturing said
stratum prior o the detonation of said nuclear device in a

20

25

30

35

40

45

50

55

60

65

70

75

4

zone vertically above the top of an anticipated normal initial
collapse chimney of said nuclear device, the improvement
which comprises fracturing said stratus through a plurality of
additional bore holes extending into said zone to a level in the
vicinity of said top of an anticipated normal collapse chimney
and positioned around said central bore hole, and then
detonating said nuclear device to form a collapse chimney of
greater vertical extent than would be obtained in the absence
of the resulting fractures.

2. The method of claim 1 wherein said plurality of bore
holes and said central bore hole are used in combination to
fracture said stratum.

3. The method of claim 1 wherein said stratum is hydrauli-
cally fractured.

4. The method of claim 1 wherein said hydraulic fractures
are propped.

5. The method of claim I also including the step of fractur-
ing said stratum within the limits of said anticipated normal in-
itial collapse chimney.



