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I57) ABSTRACT

A surveying instrument for investigating the character
of an underground cavity penetrated by a borehole,
includes an .elongated instrument housing and a lower
section containing means to generate and receive en-
ergy, such as a surveying transceiver. The lower section
1s pivotally and rotatably movable about the lower end
of the housing enabling the entire surface of the cavity
to be surveyed.

15 Claims, 10 Drawing Figures
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WELL SURVEYING INSTRUMENT AND METHOD

Matter enclosed in heavy brackets [[ 1 appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION
Field of the invention

The present invention relates to apparatus and meth-
ods for underground surveying, and more particularly,
to apparatus and methods for surveying underground
cavities.

Description of the prior art

It 1s useful to know the size, shape and orientation of
certain underground cavities, such as salt cavities, to
determine whether such cavities can be used economi-
cally for storage of liquid petroleum products, natural
gas, and the like. For determining the storage capacity,
the effective volume of the cavity must be known.

Also, for reasons of safety, the cavity dimensions
should be known. For example, if the horizontal dimen-

sions of the cavity are too great, the likelihood of a
cave-in 1Is 1ncreased.

Further, a dangerous “chimney” 1s often formed dur-
ing the drilling of a borehole into the cavity. A “chim-
ney”’
the cavity formed by erosion or earth breaking away
during drilling the borehole or installing the casing.
Such a chimney can cause a cave-in of the earth layers
above the cavity.

It is therefore important to know the exact dimen-
sions of the cavity and the existence and dimensions of
any chimneys.

Surveying tools, such as sonar tools are known for
determining the size of underground cavities. However,
the irregular shapes of some cavities render it impossi-
ble to survey the entire cavity with such tools.

Further, such tools can only survey in limited direc-
tions in the cavity, such as horizontally, so that some
areas of the cavity, such as depressions in the bottom or
chimneys at the top, remain unsurveyed.

Also when using sonar surveying tools, irregular
shaped cavities can cause scattering of reflected signals
causing erroneous measurements.

It 1s therefore a feature of this invention to provide
apparatus and methods to investigate the entire dimen-
sions and orientation of a cavity.

It 1s also a feature of the invention to provide methods
and apparatus to determine all of the surface irregular-
ities of a cavity.

It 1s another feature of the invention to provide meth-
ods and apparatus to determine the location and exis-
tence of cavity chimneys.

SUMMARY OF THE INVENTION

In accordance with a first aspect of this invention, a
novel method is provided for investigating the charac-
ter of a subsurface earth cavity penetrated by a bore-
hole, comprising: establishing a pivot point in the cavity
at a selected location on the axis of the borehole, estab-
lishing a generating point pivotally movable in the cav-
ity about the pivot point, and projecting radiant energy,
such as radiations, acoustic energy, visible light, or
infrared beams into the cavity from the generating
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point, and then sensing radiant energy to determine the
dimensions or configuration of the cavity.

In accordance with a second aspect of this invention,
there 1s provided apparatus for investigating the config-
uration of a subsurface earth cavity, or the like, pene-
trated by a borehole, comprising an instrument having
an elongated lower section pivotally connected to an
upper section of the instrument. The lower section in-
cludes a source of radiant energy and receiving means
for detecting radiant energy. The instrument may also
include [meas] means for rotatably orienting the upper
section about the axis of the borehole as a function of
some fixed reference point, such as north.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above-cited features,
advantages, and objects of the invention, as well as
others which will become apparent, are attained and_.
can be understood in detail, more particular description
of the invention briefly summarized above may be had
by reference to the embodiments thereof which are
1llustrated in the appended drawings, which drawings
form a part of this specification. It is noted, however,
that the appended drawings illustrate only typical em-
bodiments of the invention and are therefore not to be
considered limiting in scope, for the invention may
admit to other equally effective embodiments.

In the drawings:

FIG. 1 15 a side view of a prior art surveying instru-
ment suspended in a subsurface earth cavity:

FIG. 2 1s a surveying instrument according to a first
embodiment of the invention;

FIG. 3 1s a partial sectional view of the instrument of
FIG. 2;

FIG. 4 is a side view of the invention according to a

- second embodiment of the invention;

FIG. 5 1s a side view of the invention according to a
third embodiment of the invention;

FIG. 6 1s a partial sectional view of the lower section
of the instrument of FIG. 5;

FIG. 7 1s a schematic diagram of the sensing means of

the instrument of FIG. §;

FIG. 8 is a diagram of a partial scan of a cavity by the
instrument of this invention;

FIG. 9 1s a diagram of a partml scan of the top of a
cavity by the instrument of this invention; |

FIG. 10 is a diagram of a scan of a cavity chimney by
the instrument of this invention.

For purposes of this disclosure, the term “acoustic” is
defined as any mechanical vibration and includes ultra-
sonic and subsonic frequencies as well as audible fre-
quencies. Also, “light” is intended to include energy in
the infrared and ultraviolet spectrum, as well as visible
light.

Referring now to FIG. 1, a prior art surveying instru-
ment 1s shown suspended through casing 12 into cavity
17 by cable 14 and having an instrument housing 11 and
a measuring head 13 rotatable about the longitudinal
axis of housing 11. Head 13 may contain an acoustic
transceiver 15 adapted to emit sound pulses perpendicu-
larly from head 13, i.e., horizontally into cavity 17, and

to acoustic energy reflected from the interior surface 19

of the cavity 17.

After transcetver 15 receives a reflected pulse, head
13 is rotated either stepwise or continuously and an-
other sound pulse is emitted and received by transceiver
15. This scanning process continues until head 13 1s
rotated 360° allowing a panoramic echogram, or ‘“hori-
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zontal profile” to be recorded. The entire instrument
can be raised or lowered to a different height to record
another horizontal profile.

In summary of operation of the prior art instrument
illustrated in FIG. 1, the emitted sound pulses strike the

cavity wall, roof or floor, and sound energy is reflected

back to transceiver 15 which converts the reflected
acoustic energy, called an “echo,” into an electrical

signal. The signal is then transmitted to the earth’s sur-
face to be displayed on an oscilloscope or permanently
recorded—called an “echogram”—e.g. by a strip chart
recorder. The echograms are interpreted to determine
the distance from transceiver 15 to cavity surface 19.

The distance from the transceiver to the reflecting
surface is calculated from the equation:

d=0.5tv

where d=the distance to the reflecting surface; t=the
travel time of the pulse from the transceiver to the
reflecting surface and back; and v=the velocity of
propagation in the cavity fluid. Propagation velocity
may be found by using a sample of fluid from the cavity
(brine in the case of a salt cavity) and a reflector spaced
a known distance from transceiver 15.

Horizontal scanning yields satisfactory results for
cavities without irregular shapes.

However, most cavities are formed as a result of
water-soluble mineral recovery techniques, such as
circulation of water through two boreholes which
causes the development of steadily “growing” cavities.
Due to partially or totally insoluble material embedded
in the water-soluble minerals, the shapes of such cavities
are usually severely irregular.

As a result, portions of the cavity may go undetected.
For example, the tool shown in FIG. 1 cannot survey
depression 21 below dotted line 22. In fact, even if the
tool is lowered to the floor of the cavity, depression 21
will go undetected since the transceiver emits only in
horizontal planes. Also, down-hanging or rising parts of
the cavity roof or wall, or caved-in material on the
bottom can block the sound pulses from reaching oppo-
site parts of the cavity.

Often, a dangerous chimney 23 is formed by erosion
caused by circulation of liquids during mineral recovery
or by earth eroding or breaking away around casing 12.
Such chimneys usually go undetected when cavities are
surveyed by known instruments and methods.

FIG. 2 shows a novel surveying tnstrument accord-
ing to one embodiment of the invention suspended in
cavity 25 from cable 27 extending through instrument
casing 29 which lines borehole casing 31.

The surveying instrument includes an instrument
housing 33 having an upper end connected to cable 27,
an upper section 35 rotatably connected to the lower
end of housing 33, and a lower section 37 pivotally
connected to the lower end of upper section 33 at pivot
point or connection 39.

Lower section 37 includes energy sources for pro-
jecting radiant energy into cavity 25, such as an acoustic
energy generator/receiver unit 41 for producing a beam
43 of acoustic energy pulses from a generating point
directed along a path coincident with the longitudinal
axis of lower section 37, and acoustic energy genera-
tor/receiver unit 45 for producing a similar beam 47 of
acoustic energy pulses from a generating point directed
along a path perpendicular to the longitudinal axis of
lower section 37. The receiver portions of acoustic units
41 and 45 include means to sense acoustic energy pulses
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of beam 43 and 47, respectively, reflected from cavity
surface 49. Both acoustic units 41 and 45 are conven-
tional and need not be described in detail herein.

It has been found that the resolution of the scanning,
and thus the resolution of the generated echograms
from which the cavity dimensions are determined, is

improved by decreasing the width of acoustic beams 43
and 47. While beam width decreases as the frequency of

the generated pulses increases, the maximum distance
from the acoustic units that can be measured decreases
as the frequency increases.

For example, while a 1,000 [kHz.J Khzacoustic
beam provides better resolution than a 600 [kHz.®
Khz.beam, the 600 FkHz]] Khz. beam will measure
distance up to 300 feet in salt water, while a 1,000
ikHz. ] Khzbeam will measure effectively only up to
100 feet. Accordingly, acoustic units 41 and 45 may be
provided with selectable generating frequencies, such
as 200, 600 and 1,000 fkHz.J Khz.

In operation, the surveying instrument is lowered
into cavity 25 to a selected depth which may be deter-
mined in any well known manner, such as by using
casing collars for depth reference points and an electro-
magnetic detector (not shown) in housing 33 for gener-
ating a casing collar log from which the depth of the
instrument is determtned.

As reflected acoustic pulses are sensed by acoustic
units 41 and 45, electrical signals are transmitted to the
surface for recording a series of echograms, as de-
scribed above.

Lower section 37 is pivoted about connection 39 such
that beam 43 scans from 0 to 90 degrees in a vertical
plane, while beam 47 scans from 90 to 180 degrees in the
same plane. The echogram produced by a single scan
from 0 to 180 degrees in a vertical plane 1s referred to as
a cross-section or ‘‘vertical profile.”

Lower section 37 is then rotated a selected angular
amount about the vertical axis of the borehole and the
scanning from 0 to 180 degrees is repeated. Both the
pivoting of lower unit 37 and the rotation of upper unit
35 can be in discrete steps or continuously.

A selected number of such vertical profiles are pro-
duced by rotating upper section 38 from 0 to 360 de-
grees about the vertical axis of the borehole to deter-
mine the exact dimensions of the cavity.

As a check, the complete scanning of the cavity may
be repeated, or the instrument may be lowered or raised
to a different selected depth at which a second complete
scan may be performed.

Another effective method of surveying a cavity in-
cludes lowering the instrument to a selected depth;
pivoting lower section 37 to a convenient angle with
respect to the axis of the borehole, e.g. 45 degrees;
scanning the cavity while rotating upper section 335
from O to 360 degrees, raising or lowering the instru-
ment a selected distance, e.g. 3 feet; and repeating the
scanning by rotating upper section 35 again from O to
360 degrees, lower section 37 remaining at the same
angle relative the borehole axis.

The method is repeated until the instrument has made
a scan at every 3 foot depth interval of the cavity. The
echograms are then conveniently interpolated to deter-
mine the exact configuration and dimensions of the
cavity.

FIG. 3 shows a partial sectional view of the drive
means of the instrument. Housing 33 includes a rotation
servo motor 51 having a drive shaft 33 connected to
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rotate shaft 54 and upper section 35. Motor 51 responds
to a “rotation” command signal via cable 55 from con-
trol unit 57 which includes amplifiers and relays to
process control signals received via cable 59 from the
surface. Motor 51 and associated control circuitry may
be selected to rotate upper section 35 about the bore-
hole axis in discrete angular steps or continuously, as
described above.

Upper section 35 includes a pivot servo motor 61
mechanically connected through reduction gears 63
and 63 to lower section shaft 67. Motor 61 responds to
signals via cable 62 extending through shaft 54 to a
commutator network (not shown) connected to cable
71 from control unit 57. Motor 61 causes lower section
37 to pivot about connection 39 from 0 to 90 degrees.
Again, the pivotal movement of lower section 37 may
be in discrete steps or continuous. |

In addition to determining the dimension of a cavity,
it 1s important to know the orientation of the cavity
relative any fixed point, such as magnetic north.

The surveying instrument includes orienting means to
control the rotation of upper section 35 to orient lower
section 37 relative a fixed reference point in the hori-
zontal plane, such as magnetic north. Upper section 35
includes a compass 73 suitably damped, as by liquid,
mounted on stem 75 in axial alignment with section 35,
and hence the borehole. -

A 1ing 77 concentric with stem 75 has two proxi-
mately spaced photocells 79 and 81 at its outer perime-
ter and connected to unit 57 via conductors 78 and 82.
Compass 73 serves as strobe disc having a strobe mark

or hole 83 in radial alignment with the north pole of the

compass. Upon receiving an “orientation” command
signal from unit 57 via cable 55, motor 51 rotates upper
section 35 until a light beam from a lamp 85 passes
through strobe mark 83 on compass disc 73 and is strad-
dled by photocells 79 and 81. Ring 77 is normally ori-
ented in upper section 35 such that when strobe mark 83
18 in alighment between the photocells, lower section 37
1s oriented such that a vertical profile generated in that
position is aligned with magnetic north.

The surveying instrument also includes means for
orienting upper section 35 so that a vertical profile can
be generated at any selected angle relative magnetic
north. After the instrument is aligned with magnetic
north, as described above, an “orient4" or “orient—’
signal is received via cable 59 to control unit 57, and
through cables 71 and 87 to orientation motor 89 which
rotates ring 77 by means of planetary gear train 91.

For example, an “orient+ 15°” signal causes motor 89
to rotate ring 77 in a positive angular direction from its
“previous normal position so that photocells 79 and 81
are rotated 15 degrees accordingly. An “‘orientation”
command signal again causes upper section 35 to rotate
until the photocells straddle strobe mark 83, as de-
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such as lamp 93, and a receiving means responsive to
such light rays, such as camera 95.

By pivoting lower section 37 and rotating upper sec-
tion 33, as described above, a photograph can be made
of every portion of a cavity, illumination of the cavity
being provided by lamp 93. Further, the exact orienta-

‘tion of the photograph can be determined by orienting

and rotating the instrument as described above and
shown in FIG. 3. While FIG. 4 shows one camera and
lamp, it is understood that the invention includes em-
bodiments utilizing a plurality of lamps and cameras
having any desired orientation in lower section 37 rela-
tive the longitudinal axis of section 37.

As previously mentioned, it is important to know the
existence and exact location of potentially dangerous
chimneys formed at the top of the cavity around the
casing. While it is often necessary to extend a shoe
casing or instrument casing into the cavity, such casings
may cause scattering or attenuation of reflected acousti-
cal pulses when scanning the upper part of the cavity.
Scattering or attenuation of reflected signals may cause

erroneous results when interpreting echograms or oscil-
loscope traces.

FIG. S shows a surveying instrument according to a
third embodiment of the invention which indicates the
existence and exact location of such chimneys without
the usual attendant problems of signal scattering or

attenuation.

Lower section 37 includes means for generating radi-
oactive energy, such as means for discharging a plastic-
hike carrier material containing a discrete quantity of

-radio-active flotation material 99, such as gamma-ray

emitting material into the cavity from a selected gener-

ating point or discharge outlet 101 in section 37. Instru-

ment housing 33 contains a radiation detector, such as
scintillation counter 97 for sensing the radiations ema-
nating irom the discharged radioactive flotation mate-
rial to determine the existence and location of chimney
103..

In operation, the surveying instrument is lowered
through instrument casing 29 and shoe casing 31 into
the cavity. Lower [ sections] section 37 is then pivoted
about connection 39, as described above, until discharge

~ outlet 101 i1s spaced far enough from the axis of the

435

30

35

scribed previously, but now lower section 37 is oriented

such that a pivotal scan of the cavity will generate a
vertical profile 15° relative magnetic north. |
While the embodiment of FIG. 3 describes strobe
mark 83 located on compass disc 73 such that the instru-
ment will align with magnetic north, other embodi-
ments of the invention admit to locating strobe mark 83

60

such that the instrument aligns with geographic north,

or any other azimuthal direction.

FI1G. 4 shows the surveying instrument according to
a seond embodiment of the invention; however, instead
of acoustic units 41 and 45 shown in FIG. 2, lower
section 37 includes a generating source of light rays,

65

borehole such that flotation material 99 floats upward in

the cavity into chimney 103 about the exterior surface

of casing 31. Since radioactive material 99 is lighter than
the cavity fluid, radioactive material 99 will rise to the
top of chimney 103 and lodge around the outside of
casing 31. Upper section 35 may be rotated about the
axis of the borehole as previously described so that

‘radioactive material 99 is distributed about the upper
part of chimney 103 and around casing 31.

~ After discharging radioactive material 99, lower sec-
tion 37 1s pivoted into axial alignment with the borehole
and the surveying instrument is withdrawn through the

borehole. The radiation intensity as indicated by scintil-

lation counter 97 will be at a maximum when counter 97
is nearest radioactive material 99, i.e. when the instru-
ment 1s withdrawn to the point that counter 97 is di-
rectly opposite or in the same horizontal plane as mate-
rial 99. Since the depth of counter 97 is known, the .
existence and exact location of chimney 103 is, there-
fore easily determined. |

- FIG. 6 shows a detailed sectional view of the lower
section 37 of FIG. 5, including a replaceable container
105 of radioactive flotation material 99 communicating
with a discharge chamber 107 through tube 109 and
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inlet 111. Material 99 1n container 1s under pressure,
such as by plunger 110 and spring 112.

Solenoid 113 is actuated by a control signal from the
surface causing a plunger 115 to rise in chamber 107 to
discharge material 99. As plunger 115 passes inlet 111,a 5
spring-loaded slidable cover 117 uncovers discharge
outlet 101 by means of solenoid 119, and material 99 is

forced out into the cavity by rising plunger 115. Sole-
noid 119 releases cover 117 which closes outlet 101, and
solenoid 113 then retracts plunger 115 down past inlet 10

111, and chamber 107 is again filled with material 99.

FIG. 7 shows a diagram of a conventional scintilla-
tion counter 97 including crystal 121 for receiving radi-
ations emanating from material 99, a photomultiplier
123 in optical connection with crystal 121, and a pulse 15
height analyzer 1235 connected to receive the output of
photomultiplier 123. The output of analyzer 123 is
transmitted via a conductor (not shown) to the surface
for recording or observation by any suitable display
device. 20

FIG. 8 1s a diagram of a partial vertical scan of a
cavity by the surveying instrument at a depth indicated
at 126. Solid lines 127 represent the path of generated
and reflected energy such as acoustic pulses from and to
acoustic unit 41 (FIG. 2). Note that the entire surface of 25
the cavity floor is scanned, whereas the horizontal scan-
ning tool, described previously, would not scan below
horizontal line 129.

FI1G. 9 is a diagram of a partial vertical scan of a
flatroofed cavity, as for example, by acoustic unit 45 30
(FIG. 2), while FIG. 10 is a diagram of a scan of a
narrow chimney aound casing 130.

While the invention is described above with refer-
ence to specific embodiments, it i1s understood that fur-
ther modifications and equally effective embodiments 35
will become apparent to those skilled in the art. For
example, lower section 37 can be made to pivot 360°
about connection 39, thus requiring only one radiant
energy generator/receiver unit in the lower section.

What is claimed is: 40

1. Method of investigating the character of a sub-
surface earth cavity, or the like, penetrated by a bore-
hole, comprising

establishing a radiant energy source in said cavity at a

selected location on the vertical axis of said bore- 45
hole,

projecting radiant energy from said source into said

cavity at selected angles from said vertical axis, and
rotating said source about said vertical axis of said
borehole. 50

2. Method according to claim 1, wherein said radi-
ant energy is radioactive energy. }

[ 3. Method according to claim 2, including discharg-
ing a discrete quantity of radioactive flotation material
from said generating point into said cavity, and 55

sensing radiations emanating from said discharged

material. J

4. Method according to claim 3, wherein said bore-
hole is lined by a casing extending from said borehole
into said cavity, and 60

said radioactive material floats upward in said cavity,

about the exterior surface of said casing. j

5. Method according to claim 1, wherein said radi-
ant energy is acoustic energy. §

6. Method [ according to claim 5, including § of inves- 65
tigating the size and shape characteristics of a subsurface
earth cavity, or the like, penetrated by a borehole, compris-

ing the steps of

8

establishing a radiant acoustic energy source in said
cavity at a selected location on the vertical axis of said
borehole,

projecting radiant acoustic energy during a substantially
continuous scan from said source into said cavity at a
plurality of selected angles between about (° and
about 180° from said vertical axis, such that the

acoustic energy is directed at selected portions of the
walls and roof of the cavity including those portions
adjacent the borehole;

rotating said source about said vertical axis of said bore-
hole, and

receiving reflected acoustic energy.

7. Method according to claim [ 5} 6 including orient-
mg said generating point with respect to north.

[ 8. Method according to claim 1, wherein said radi-
ant energy is light. }

[ 9. Method according to claim 8, including receiving
reflected light to make a photograph.]

£ 10. Method according to claim 9, including orient-
ing said generating point with respect to north. }

[11. Method according to claim 1 wherein radiant
energy is projected into said cavity in at least two direc-
tions. J

fF12. Apparatus for investigating the character of a
subsurface earth cavity, or the like, penetrated by a
borehole, comprising

an instrument having an intermediate section swiv-
elly connected for horizontal rotation and an elon-
gated lower section pivotally connected with said
intermedtate section of said instrument for move-
ment in a plane transverse to the horizontal,

a source of radiant energy in said lower section, and
receiving means in said instrument for detecting
radiant energy. §

[ 13. Apparatus according to claim 12, wherein

said energy source includes means for discharging a
discrete quantity of radiation flotation material into
said cavity, and

said receiving means includes means for sensing radi-
ations. §

f14. Apparatus according to claim 13 including
means for rotating said upper section about the axis of
said borehole. ]

15. Apparatus [according to claim 12, wherein] for
investigating the character of a subsurface earth cavity, or
the like, penetrated by a borehole, comprising

an instrument having an intermediate section swivelly
connected for horizontal rotation and an elongated
lower section pivotally connected with said intermedi-
ate section of said instrument for movement in a plane
transverse to the horizontal,

a source of radiant energy in said lower section, said
energy source {includes] including acoustic en-
ergy generating means for producing a beam of
acoustic energy, and

receiving means in said instrument, said receiving
means [includes] including means in said lower
section for sensing reflected acoustic energy.

16. Apparatus according to claim 15, wherein

said beam is directed along a path coincident with the
longitudinal axis of said lower section.

17. Apparatus according to claim 15, wherein said
beam is directed along a path angularly intersecting the
longitudinal axis of said lower section.

18. Apparatus according to claim 13, including means
for rotating said upper section about the axis of said
borehole.



Re. 31,074

9

189. Apparatus according to claim 18, including ori-
enting means for controlling said rotating means as a
function of north.

20. Apparatus according to claim 18, including ori-

10

recerving means in said instrument for detecting radi-
ant energy including means for sensing radiations.

28. Apparatus for investigating the character of a
subsurface earth cavity, or the like, penetrated by a

enting means for controlling said rotating means as a 5 borehole, comprising

function of north.
£ 21. Apparatus according to claim 12, wherein
said energy source generates an output of light rays,

and

said receiving means includes a camera responsive to

said light rays. ]

L22. Apparatus according to claim 21, including
means for rotating said upper section about the axis of
said borehole. ] _

[23. Apparatus according to claim 22, including
orienting means for controlling said rotating means as a
function of north.§

24. Apparatus for investigating the character of a
subsurface earth cavity, or the like, penetrated by a
‘borehole, comprising .

‘an mstrument having an intermediate section swiv-
elly connected for horizontal rotation and an elon-
gated lower section pivotally connected with said
intermediate section of said instrument for move-
ment in a plane transverse to the horizontal,

means in said lower section for radiating energy
therefrom teward the cavity in a plurality of direc-
tions, and -

recerving means in said instrument for detecting radi-
ant energy.

25. Method of i 1nvest1gat1n g the character of a subsur-

face earth cavity, or the like, penetrated by a borehole,

- comprising | |
establishing a pivot point in said cavity at a selected

location on the vertical axis of said borehole,
establishing a generating point pivotally movable in
said cavity relative said pivot point,

projecting radioactive energy into said cavity from

sald generating point by discharging a discrete

quantity of radioactive flotation material from said

generating point into said cavity, and
sensing radiations emanating from said discharged

material. |
26. Method according to claim 24, wherein said bore-
“hole is lined by a casing extending from said borehole

into said cavity, and |

sald radioactive material ﬂoats upward in said cavity

about the exterior surface of said casing.

27. Apparatus for investigating the character of a
subsurface earth eavity, or the like, penetrated by a
borchole, comprising

an instrument having an elongated lower section
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pivotally connected with an upper section of said

instrument,

means for rotating said upper section about the axis of
the borehole,

a source of radiant energy in said lower section, said
energy source including means for discharging a
discrete quantity of radiation flotation material into
said cavity, and

60

65

an istrument having an elongated lower section
pivotally connected with an upper section of said
instrument,

means for rotating said upper section about the axis of
the borehole,

a source of radiant energy in said lower section, said
energy source including acoustic energy generat-
ing means for producing a beam of acoustic energy,

receiving means in said instrument for detecting radi-
ant energy including means in said lower section
for sensing reflected acoustic energy, and

means for positioning said lower section, at selected
angles with respect to the longitudinal axis of said
upper section. |

29. Apparatus for investigating the character of a

subsurface earth cavity, or the like, penetrated by a

borehole, comprising

an instrument having an elongated lower section
pivotally connected with an upper section of said
instrument,

means for rotating said upper section about the axis of
the borehole,

a source of radiant energy in said lower section, said
energy source penetrating an output of light rays,

recelving means in said instrument for detecting radi-
ant energy including a camera responsive to said
light rays, and

ortenting means for controlling said rotatmg means as

a function of north.

30. An apparatus for investigating the size and shape
characteristics of a subsurface earth cavity penetrated by a

borenole comprising

an instrument having an intermediate section and an
elongated lower section, said instrument being capable
of being lowered through the borehole so that said
intermediate section thereof at least pamal{v enters
the cavity,
~ said intermediate section being swivelly supported for
rotation about an axis which is generally parallel w:th
the borehole axis;

-means for pivotally connecting said lower section to said
intermediate section so that said lower section is pivot-
able in generally vertical planes relative to said inter-
mediate section about a generally horizontal axis;

drive means for pivoting said lower section relative to
said intermediate section; |

at least one acoustic energy generating means in said
lower section for transmitting acoustic energy in a
direction generally perpendicular to the longitudinal
axis of said lower section toward wall and roof por-
tions of the cavity as said lower section is pivoted about
said generally horizontal axis; and

means in said lower section for receiving reflected acous-
tic energy, whereby said instrument can be selectively
rotated and said lower section pivoted to direct acous-
tic energy toward, and receive reflected acoustic en-

ergy from, substantially all portions of said cavity.
¥ S * %* ¥
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