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ABSTRACT: A system for replacing environmental ?uid in 
boreholes and similar ?uid-con?ning structures for 
graphic and similar purposes. The system includes a c 
having opposite ends, a transparent fluid in the cyli 
piston in the cylinder adjacent to one end of the cylinder 
urged toward the opposite end, remotely operable ?ow con 
trol valve structure con?ning the transparent ?uid within the 
cylinder and thereby releasably restraining the piston adjacent 
to said one end, a conduit extended from said opposite end of 
the cylinder to an area to be photographed to deliver the 
transparent ?uid thereto upon release of the piston, and a con 
duit extended from said one end of the cylinder to the area to 
be photographed to draw environmental ?uid from said area 
into the cylinder for replacement purposes. 

95/11 
73/151 

..G03b 19/00 
Field of 

ID 

95/1 1 HC, 

318/470 

Wayne L. Sayer 
Bakers?eld, Calif. 
747,969 
July 26, 1968 

Underground Surveys Corporation 

References Cited 
UNITED STATES PATENTS 

6/1957 Laval.........................._. 

v lll‘vu U IIGLCD l l 

[72] Inventor 

[21] Appl, No. 
[22] Filed 
[45] Patented Aug. 3, 1971 
[73] Assignee 

[54] SYSTEM FOR REPLACING ENVIRONMENTAL 
FLUID 1N BOREl-IOLES AND OTHER FLU 
CONFINING MEANS 
8 Claims, 2 Drawing Figs. 

Int. . 

2,794,944 

[51] 
[501 

156] 



3,596,582 PATENTEU AUG 3m: 

Iw m @l ..~ __ 
_. F _ _ r. .. _“_“___ __. __ 

/6 

a2 

' Pall-47 
was 

70 

2: 

30! 

2 . 

IN VE N 70/? 

A 7TORNE V S 

WA YNE L. SAVER 

/6. 

1 - 

. IL. on 

g I x g A g in :3. a: . 



3,596,582 
1 

SYSTEM FOR REPLACING ENVIRONMENTAL FLUID IN 
BOREHOLES AND OTHER FLUID-CONFINING MEANS 

BACKGROUND OF THE INVENTION 

The present invention relates to a system for replacing en 
vironmental ?uid in boreholes and the like as required for 
borehole photography and as performed by apparatus of the 
type shown and described in US. Pat. Nos. 2,677,996 and 
2,982,191. It is to be understood that the term “photog 
raphy," as employed herein, is intended to include the produc 
tion of a viewable image whether of the light-sensitive chemi 
cal, electronic, or other form and whether such image is of 
relatively permanent or transient character. 
The extreme environmental problems encountered in 

borehole photography are described in the aforementioned 
patents. Borehole cameras are described therein which are 
adapted to be lowered into a well, for example, to take a 
photograph therein. The cameras are of particular sig 
ni?cance in their ability to take photographs even below the 
surface of opaque or translucent liquids in the well. This is ac 
complished by replacing the liquid in the well through which 
satisfactory photographs cannot be taken with a liquid or 
other ?uid medium which is optically transparent and through 
which satisfactory photographs can be taken, the transparent 
fluid having a different speci?c gravity from that of the well 
?uid. The cameras described in the patents are suited to the 
purpose but the fluid displacement mechanisms thereof are 
subject to certain difficulties which the present invention 
seeks to overcome. It has been dif?cult to supply adequate 
electrical energy for dependable operation through lengthy 
conductors required to reach remote locations. High pressures 
and temperature encountered in extremely deep wells and the 
like have impaired proper operation. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an im 
proved system for replacing environmental ?uid in boreholes 
and other ?uid-con?ning means. 
Another object is to provide an improved photographic ap 

paratus which includes a ?uid replacement system and serves 
the same general purposes as the apparatus of the aforemen 
tioned patents. 
Another object is to provide a photographic apparatus hav 

ing a fluid replacement system capable of withstanding high 
environmental pressures. 
Another object is to provide a ?uid replacement system for 

use with a borehole camera which is of simple and economical 
construction. 
Another object is to provide a remotely operable ?uid 

replacement system that can be controlled by a single electri 
cal conductor. 
Another object is to provide a remotely operable ?uid 

replacement system which has a self-contained energy source 
for actuating the ?uid replacement operation. 
Another object is to provide such an energy source in a ?uid 

replacement system which is unimpaired by high environmen 
tal pressures and temperatures as are frequently encountered 

. in borehole photography. 

Another object is to extend the distances of which ?uid 
replacement systems can be remotely actuated. 
Another object is to provide a ?uid replacement system 

which operates in a reliable and facile manner and is excel 
lently suited for its intended purpose. 

Further objects and advantages will become apparent in the 
subsequent description of the illustrative embodiment shown 
in the drawing. 

BRIEF DESCRIPTION OF DRAWING 

FIG. 1 is a foreshortened longitudinal vertical section 
through a borehole photographic apparatus embodying the 
?uid replacement system of the present invention. 
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2 
FIG. 2 is a fragmentary vertical longitudinal vertical section 

of the borehole photographic apparatus showing a succeeding 
relationship of the parts thereof during operation. 

DESCRIPTION OF EMBODIMENT 

Referring in greater detail to the drawing, there is illustrated 
in FIG. 1 a borehole photographic apparatus 10, including a 
borehole camera 112 and a ?uid replacement system 14, shown 
disposed in a borehole casing 16. The system 14 includes an 
inner tubular housing or cylinder 18 within which a piston 20 
is freely slidable, the piston being ?tted to the housing with a 
sliding sealing ?t. Obviously, O-rings, not shown, may be used 
in circumscribing relation to the piston to effect such a seal. 
Adjacent to one end of the housing 18 is an end wall or plug 
22 which is in facing relation to one end 24 of the piston 20. 
The end wall and the piston end and the portion of the housing 
18 therebetween define a chamber 26 for containing a supply 
of optically transparent or clear ?uid 28. The end wall 22 is 
provided with a valve 30 operated by a solenoid 32 controlled 
from above ground by a single conductor in an electrical con 
trol cable 36. This is accomplished by connecting the operat~ 
ing solenoid to the conductor and to ground. Whenever the 
conductor is energized the solenoid is actuated to open the 
valve. Whenever the conductor is deenergized, the solenoid is 
deactivated and the valve closes. The cable may also contain 
conductors for the remote control of the sequencing of the 
camera 12 from above ground or a single control conductor 
may be utilized for operating the solenoid and initiating a 
sequence of operation of thecamera, as operational circum 
stances may suggest. 
The camera 12 is mounted within the housing 18 below the 

wall 22 and in spaced relation thereto to provide a passageway 
38 through which the clear ?uid 28 can pass to the exterior of 
the housing for displacing borehole liquid 40 therebelow. The 
lower end of the housing 18 is preferably equipped with an an 
nular de?ecting lip 42 for causing the clear ?uid to be 
de?ected across a pair of stereopticon windows 44 forming 
part of the camera 12 for the purpose of ?ushing and cleaning 
the same. An electric lamp 46 or other suitable source ofillu 
mination is operatively associated with the camera 12 and wir 
ing 47 is provided for delivering electrical power to the lamp. 
The lamp 46 is mounted on a conduit 48 having at its lower 

end an open intake end 50 disposed below the lamp 46 in a 
position such that liquid or ?uid drawn into the intake end is 
caused to ?ow across the lamp for ?ushing and cleaning the 
same. The conduit 48 is in communication with a cylindrical 
passageway 52 de?ned by a double wall construction resulting 
from concentrically arranging an outer tubular housing 54 
around the housing 18. The housing 54 has the lower end 
thereof secured to the housing 18, as by welding or the like, 
and the upper end thereof closed off by an end cap 56 to 
which a supporting bracket 58 is ?xed. 
The end cap 56 de?nes one end of receiving chamber 60 

which is in communication with the passageway 52, the other 
end of the chamber being de?ned by an end 62 of the piston 
20. A ring 64 of suitable material is secured at the upper end 
of the housing 18 for engaging the piston end 62 and limiting 
the extent of sliding movement of the piston in one direction, 
as shown in FIG. I, travel of the piston in the opposite 
direction being limited by engagement of the piston end 24 
with the end wall 22, as shown in FIG. 2. The end cap 56 is 
provided with a release valve 66 which is opened to permit the 
escape of trapped air and/or liquid during movement of the 
piston into engagement with the limit ring 64 for ?lling the 
chamber 26 with the clear ?uid 28. 
The lower ends of the housings l8 and 54 have secured 

thereto pairs of rings or cup packers 68 and 70 for engaging 
the casing wall and effecting a seal therewith. The rings are 
made of any suitable ?exible material and are arcuately 
formed to curve downwardly so that pressure against the 
lower sides thereof forces them into tighter engagement with 
the casing wall. Such packers are well known in the art. 
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The piston is formed or ?lled with a material having a high 
speci?c gravity, for example, lead, for gravitationally pres 
surizing the ?uid 28. Also, the supply chamber 26 is made suf 
ficiently large to provide for displacing the necessary volume 
of the borehole liquid, preferably suf?cient to perform the 
replacement function at each of a plurality of locations in the 
borehole. To this end, the control of the valve 30 is sequenced 
to permit the necessary amount of the ?uid 28 to ?ow out and 
replace the borehole liquid below the apparatus, after which 
the valve is closed. 
The camera 12 is then sequenced from above ground for 

taking photographs or otherwise investigating the borehole. 
The sequencing of the camera may also be accomplished auto 
matically by an activation system including wires 72 and a 
switch 74 which is actuated by movement of the piston end 24 
into engagement with the end wall 22. It is understood, of 
course, that the cable 36 and the wires 47 are suitably covered 
for protection against the environmental conditions present in 
a borehole and that the viewing device 12 is similarly condi 
tioned, preferably by being ?uid ?lled. 
A suspension cable 76 is attached to the bracket 58 and to 

winching apparatus above ground, not shown, for raising and 
lowering the apparatus. 

OPERATION 

The operation of the device of the present invention is be 
lieved to be clearly apparent and is brie?y summarized at this 
point. In preparation for the descent into a borehole, the ap 
paratus 10 is inverted to cause the piston 20 to move gravita 
tionally into contact with the limit ring 64, the relief valve 66 
being in the open condition for permitting the escape of air 
and/or liquid from the chamber 60 which becomes progres 
sively smaller with movement of the piston to the limit ring. In 
the meantime, the chamber 26 becomes progressively larger 
and is ?lled with the clear ?uid 28 by passing the ?uid through 
the valve 30 which is placed in open condition for the purpose. 
After the chamber 26 has been ?lled, valve 30 is closed and 
the apparatus is raised to erect operating position by means of 
the suspension cable 76 and the winching apparatus, not 
shown. With the valve 66 closed and the cable 36 suitably con 
nected to the control mechanisms above ground, ‘the ap 
paratus 10 is lowered into the borehole casing 16 and allowed 
to descend to the location where it is desired to view or image 
conditions within the borehole. During descent, the borehole 
liquid 40 enters the intake end 50 of the conduit 48. As the 
pressure increases with greater depth, the well ?uid is forced 
into the passageway 52 and eventually into the receiving 
chamber 60. Under such conditions, the pressure of the 
borehole liquid at the viewing depth is substantially equally ef 
fective on both ends of the piston and the full weight of the 
piston is available for pressurizing the clear ?uid 28 and forc 
ing it out to replace the borehole liquid. lf desired, the conduit 
48 and passageway 52 are also ?lled with the clear ?uid so that 
there is no air trapped in the system. This is particularly 
desirable where extreme pressures are to be encountered. 

Preferably, the apparatus is permitted to descent a slight 
distance past the viewing location and then pulled up slightly 
in order that the cup packers 68 and 70 assume the 
downwardly curved positions shown in FIGS. 1 and 2 for ob 
taining an effective seal with the interior of the casing. The 
aboveground controls are then operated to open the valve 30 
for a predetermined amount of time and then close it. With 
the valve 30 opened, the ?uid 28 in chamber 26 ?ows through 
the valve in response to the pressure exerted thereon by the 
weight of the piston 20. The ?uid ?owing from the chamber 
passes through the passageway 38 around the viewing device 
l2 and across the windows 44 thereof for displacing the 
borehole liquid 40 adjacent thereto until suf?cient liquid is 
forced into the intake end 50 of the conduit 4%] and the 
passageway 52, such liquid eventually ?nding its way into the 
receiving chamber 60 which has been enlarged by downward 
movement of the piston. The viewing device is then sequenced 
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for taking photographs or for viewing the borehole through 
the transparent optical ?uid immediately therebelow. The ap 
paratus is then moved to another location in the borehole and 
the process of displacing the borehole liquid with clear optical 
fluid and viewing therethrough is repeated until the piston en 
gages the end wall 22. At this time, the switch 74 is closed and 
the viewing device is automatically sequenced, which condi 
tion may be indicated above ground by an audio or visual 
signal or both, after which the apparatus is withdrawn from 
the borehole. 
The ?uid replacement system of the present invention pro 

vides its own source of energy for remote operation. The ener 

gy is dependably available and unin?uenced by high pressures 
or temperatures. The operation of the system is dependably 
and easily initiated and interrupted through a single conductor 
from even extremely remote locations. lts simplicity enables it 
to be economically produced and to attain absolute reliability. 

Although the invention has been herein shown and 
described in what is conceived to be the most practical and 
preferred embodiment, it is recognized that departures may be 
made therefrom within the scope of the invention, which is not 
to be limited to the details disclosed herein but is to be ac 
corded the full scope of the claims so as to embrace any and 
all equivalent devices and apparatus. 

Having described my invention, what l claim as new and 
desired to secure by Letters Patent is: 

l. A system for replacing environmental ?uids disposed 
within boreholes comprising: 

A. a substantially sealed cylinder having opposite ends; 
B. a displaceable piston seated within said cylinder adjacent 

to one end thereof continuously urged in displacement 
toward the other end of the cylinder, including a pair of 
coaxially related faces oppositely spaced from the ends of 
the cylinder and de?ning therewithin a ?rst and a second 
coaxially related chamber; 

C. a transparent ?uid at a ?rst pressure substantially ?lling 
said ?rst chamber; 

D. a ?uid discharge conduit communicating with said said 
first chamber for conducting ?uid from said cylinder; 

E. an environmental ?uid at a second pressure substantially 
?lling said second chamber; 

F. displacement initiating means for initiating displacement 
of the piston comprising a selectively operable ?ow con 
trol valve seated in said discharge conduit adapted to be 
opened for accommodating a discharge of said ?uid from 
said cylinder; and 

G. a substantially unobstructed ?uid intake conduit for ex 
tending from a body of environmental ?uid to the second 
chamber for continuously maintaining the second 
chamber in direct communication with the body of en 
vironmental ?uid for thus maintaining the pressure of the 
environmental ?uid substantially ?lling the second 
chamber substantially equal to the pressure of the body of 
environmental ?uid, whereby the transparent ?uid is 
discharged through said discharge opening and the en~ 
vironmental ?uid is delivered to the second chamber as 
the piston is displaced within the cylinder. 

2. The system of claim 1 wherein the cylinder is by its 
weight urged in displacement. 

3. A system for replacing environmental ?uid in boreholes 
and the like comprising an elongated cylinder having an upper 
and a lower end, a weighted piston mounted in the cylinder for 
reciprocal movement between the ends, whereby the cylinder 
is divided into an upper and a lower chamber each having an 
axial dimension dictated by the position of the piston relative 
to said ends, a substantially transparent ?uid substantially 
?lling the lower chamber of the cylinder, releasable means 
restraining said piston adjacent to the upper end of the 
cylinder, an outlet conduit connected to the lower chamber 
having an open end externally of the cylinder beneath the 
lower end thereof for accommodating a discharge of the sub 
stantially transparent ?uid from the cylinder, and a substan 
tially unobstructed intake conduit in direct communication 
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with the upper chamber and having an open end externally of 
the cylinder to be immersed within a pressurized body of en 
vironmental ?uid whereby said upper chamber is brought into 
direct communication with said body of environmental ?uid 
for conducting environmental ?uid to the upper chamber for 
replacing the substantially transparent ?uid as it is discharged 
from the cylinder. 

4. The system of claim 3 in which said ?uid within said 
lower chamber, the body of environmental ?uid, and said en 
vironmental fluid within said upper chamber are subjected to 
substantially common pressure, whereby the' weight of the . 
piston establishes a force of a magnitude suf?cient for displac 
ing the piston. 

5. The system of claim 3 in which the releasable means com 
prises a valve mounted on the outlet conduit. 

6. The system of claim 5 including electrical means 
operably connected to the valve controllable remotely from 
the valve to open and to close it whereby discharge of ?uid 
from the cylinder can be regulated to occur in spaced incre 
ments at different positions in the borehole. - 

7. The system of claim 5 in which the open end of the outlet 
conduit is downwardly spaced from the open end of the intake 
conduit. 

8. A system for replacing environmental fluid in boreholes 
and the like comprising: 
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6 
A a housing adapted to, be immersed in a pressurized body 

of environmental ?uid including an elongated cylinder 
having an upper and a lower end; 

B.'a weighted piston mounted in the cylinder for reciprocal 
?uid-discharging movement between the ends thereof, 
whereby the cylinder is divided into an upper and a lower 
chamber each having a variable axial dimension dictated 
by the position of the piston relative to said ends; 

C. a substantially transparent ?uid substantially ?lling the 
lower chamber of the cylinder; 

D. releasable means restraining said piston adjacent to the 
upper end of the cylinder; 

E. an outlet conduit connected to the lower chamber having 
an open end externally of the cylinder beneath the lower 
end thereof for accommodating a discharge of the sub 
stantially transparent ?uid from the cylinder as the piston 
is moved toward the lower end of the cylinder; and 

F. means establishing a substantially direct communication 
between the upper chamber and said body of environ 
mental fluid for accommodating a passage of environ 
mental ?uid from said pressurized body to the upper 
chamber for replacing the substantially transparent ?uid 
in the cylinder as the piston is moved toward the lower 
end of the cylinder. 


