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I gave my invention the above title as an 
hydraulic lock valve is an important feature in 
maintaining a dry or empty stem of drill or other 
pipe used in deep well drilling such as oil drilling. 
Where it is desired to use dry or empty drill pipe 
in making a test of the well formation, it is neces 
sary, to have a type of valve at the bottom of the 
stem which prevents entrance of any of the slush 
ing mud, used for instance in rotary well drilling 
prevents entrance of water or any oil in the well 
except the part to be tested. On account of 
extraordinary large hydraulic preSSures in deep 
wells it is difficult to provide a valve which may 
be opened from some action at the top of the Well 
and which, when opened, will allow entrance into 
the drill stem of the fluid in the formation being 
tested. Some of these Valves now used Open SO 
quickly that they operate with a decided shock 
and on account of the rapid flow of possibly oil, 
water, and sand have a decided erosive action 
both on the stationary and movable parts of the 
valve. In addition, considerable difficulty has 
been experienced in manipulating the valves for 
opening. 

Similar troubles arise where it is desired to 
start, for instance an oil well flowing by inserting 
in the well a dry or empty oil pipe leading to the 
top of the well. In such cases, it is necessary to 
use what is sometimes termed a dry pipe Valve to 
maintain such pipe empty until it is desired to 
release the valve and start the flow of the oil. 
By use of my hydraulic locked valve, the hy 

draulic lock may be opened or released and the 
hydraulic fluid bled out of the valve and by the 
action of the hydroStatic pressure of the oil in the 
well, the valve is displaced permitting a gradual 
and then a free or unobstructed flow of the oil into 
the oil tubing extending to the top of the well. 

In this application I have presented tWO struc 
tures and uses for my type of hydraulic lock dry 
pipe valve, one of which is of use in testing a Well 
formation to obtain a sample of the oil or Water Or 
any fluid mixture at the bottom of the Well. 
other application of my invention is for use in 
starting of a flowing well, for instance after a well 
has been tested and found satisfactory and then 
equipped to allow and receive the free flow of oil 
from the formation. 
A characteristic of my hydraulic locked Valve is 

that such valve includes two valve bores Or Valve 
cylinders preferably of different diameters, the 
valve assembly being arranged in the body struc 
ture which may be attached by threading to the 
bottom of a string of drill pipe or oil tubing. In 
the body of the valve there is a hollow space for 

The 
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containing a liquid which is filled into this space 
at the top of the well for running in the dry pipe 
with its valve at the bottom. 
The valve contains preferably a differential 

piston assembly, this having two distinct pistons 
corresponding to the particular bore in which they 
slide. These pistons have Suitable cup piston 
rings to form a liquid-tight seal with the bores or 
cylinders in which they operate. The fluid is 
maintained locked and thus locks the valve from 
movement by means of a frangible orifice device, 
this having a Small bore communicating with the 
body of the locked fluid. Such frangible device is 
located at the bottom of the stem of dry pipe and 
may preferably extend into the lower end of Such 
pipe. When the operator is ready to make his 
test or start a Well flowing, an instrument desig 
nated in the trade as a "go-devil' or a ball may 
be dropped down through the drill pipe and wedg 
ing against the frangible stem breaks this åt a 
¥ened Section, thus exposing the Small bore 
duct. 
As the pistons are exposed to the hydraulic 

pressure at the bottom of the well in the fluid such 
aS oil in the Well the breaking of the frangible 
element and exposing the duct allows the pistons 
to move as a unit through the chamber containing 
the locked liquid, this bleeding out upwardly 
through the duct. On account of the tapered 
shape of the body of the valve leading to one or 
the other of the bores in which the pistons oper 
ate, as the piston is displaced there is first a small 
cross-sectional area, developed for the flow of the 
fluid from the well' and then as the piston dis 
placement becomes greater, the entire cross-sec 
tion of One of the valve bores is free for - the 
upward flow of the oil or other fluid from the 
bottom of the Well. 
AS my hydraulically locked dry pipe valve has a 

relatively simple application as a dry pipe starter 
valve for flowing wells, the characteristics of this 
will be first set forth. 
A tubular valve body is secured as by threads to 

the lower end of a stem of oil tubing, this prefer 
ably has a Small cylindrical bore adjacent its 
upper end, an enlarged chamber with lateral ports 
leading to the open hole and a larger bore at the 
botton portion. The piston assembly includes a 
small bore piston at the top in the Smaller bore, 
a large bore piston in the larger bore, these being 
connected by a substantial tubing or hollow rod. 
The pistons each have a passage from end to end 
in alignment with the hollow rod. At the lower 
end of the valve body assembly I provide a rela 
tively long pipe Or tube which may be of larger 
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bore secured to the lower end of the valve assem 
bly and provided at the bottom with an Opening 
having a closure plug. The upper end of the 
small upper piston is provided with the frangible 
duct bar. The duct as above mentioned, is of 
quite small cross-sectional area compared with 
the bore in which the pistons operate and the 
upper end of this projects into the dry pipe area 
and such a position that it may be readily broken 
in a weakened spot or weakened line by dropping 
a “go-devil' or ball. The valve is locked closed by 
providing a shoulder against which the lower or 
larger piston may seat and filling the fluid pipe 
after removal of the bottom plug, all this being 
done at the top of the well so that on replacement 
of the plug the valve is heid in its seated position 
whereby on account of the cup rings there can be 
no leakage either past the large lower section of 
the piston or the small diameter upper sectina. 
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When the string of oli tubing is introduced into 
the well it will thus be seen that the locked hy 
draulic valve maintains the oil tubing dry or 
empty. When the top of the well is equipped to 
receive oil released for flowing, the dropping of 
the ball or 'go-devil' breaks the frangible duct 
bar and as the ports in the side of the valve 
admit entry of oil from the well formation at a 
very high pressure a differential pressure is ex 
erted on the two piston ends. Manifestly, the 
lower end being of larger diameter than the upper 
end, a downward movement of the whole piston 
assembly occurs, this forcing the locked fluid up 
wardly through the two pistons, the connecting 
hollow rod, and through the bleeder duct. As 
the upper piston is pulled downwardly through 
the upper bore of the valve body the well fluid 
fiows upwardly into the oil tubing. The piston 
assembly is completely displaced and descends 
through any of the locking liquid in the locked 
fluid chamber of the valve. Thus, the larger 
lower piston end, the smaller upper end, and the 

50 

5 s 

(50 

65 

70 

5 

connecting tubular rod, the balls, or 'go-devil' 
used to break the frangible duct and the broken 
part of this duct descend by gravity below the 
intake ports provided for the upflow of oil from 
the well formation. As these do not in any man 
ner hinder the flow of oil they are allowed to 
remain as long as the well is flowing and may 
even be left if the well may be satisfactorily 
pumped with the ports provided in my dry pipe 
starter valve assembly. 
The main characteristic features of my inven 

tion as applied to a well testing apparatus include 
the locked hydraulic valve in a multiple valved 
assembly device secured to the lower end of a 
string or stem of drill pipe to maintain such pipe 
empty or dry prior to securing a sample. In this 
case the locked hydraulic valve is arranged to 
have a differential piston in a cylinder construc 
tion mounted with the large end upwardly and 
the small end extending downwardly. The large 
end however is restrained from operation by the 
locked hydraulic fluid which may be released by 
a frangible orifice device broken by a go-devil 
or a ball dropped through the drill pipe. This 
valve is hydraulically locked at the top of the well 
before lowering the equipment. 
With my equipment a test of the formation 

may be made by a rat hole, that is a Small bore 
extending downwardly from the main bore of 
the well and separated from Such main bore by 
a conical packer located adjacent the bottom of 
the multiple valve assembly or may have a packer 
cutting of the lower part of the main bore when 
it is desired to test the bore itself. In lowering 
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the equipment of the well I employ a slide valve 
actuated by a sliding mandrel operative in a sec 
ond or intermediate body structure below that 
carrying the locked hydraulic valve. 
ing the equipment, the intermediate body section 
is suspended. On studs or bosses engaging in a 
vertical slot on the interior of the body, such 
studs projecting from the sliding mandrel. This 
holds the slide valve closed which valve has a 
communication through a lower hollow by-pass 
mandrel to . a perforated inlet pipe extending 
downwardly in the rathole or a perforated intake 
device located below the packer when the device 
is used to test the well bore. 
Then when the packer is seated thus support 

ing the intermediate body section by the forma 
tion, the drill pipe with the slidable mandrel is 
lowered thereby opening the slide valve and giv 
ing a communication of the hydraulic fluid in the 
test part of the well to have access to the lower, 
that is, the small piston end of the locked hy 
draulic valve. When everything is set to make 
the test of the formation a go-devil or ball is 
dropped through the drill pipe and this strikes 
the frangible orifice device, breaking this and 
allowing bleeding upwardly of the locked hydrau 
lic fluid. Such action releases the hydraulic pres 
Sure on the upper or large end of the differential 
piston, allowing the piston to be forced upwardly 
by the pressure of the formation fluid on the 
Small end of such differential piston. 
A characteristic of this small end of the differ 

ential piston resides in its forming a control for 
the velocity of flow of the formation fluid through 
the valve cylinder in which the small piston oper 
ates. The small piston at its lower end has ta 
pered flutes whereby when forced upwardly by 
the bleeding of the locked hydraulic fluid, on the 
gradual upward movement of the differential 
piston a low velocity flow of well fluid is obtained 
due to the small cross sectional area of the flutes 
and the upper part of the cylinder of the small 
differential piston assembly. Then as this piston 
travels further upwardly the cross sectional area 
due to the increased depth of flutes gradually 
increases until the full area of the valve cylinder 
is presented for the upward flow of the hydraulic 
fluid to and through an annular passage sur 
rounding the locked hydraulic fluid valve into the 
dry drill pipe. ? 
A further characteristic of my invention resides 

in the trapping of the sample uid in the drill 
pipe and developing a by-pass or equalizing pres 
sure through a by-pass or equalizing valve be 
tween the pressure of the slushing mud or fluid 
above the packer and the fluid formation in the 
well such as in a rat hole below the packer or 
the lower end of the well bore below the packer. 
In such action the drill pipe is slightly lifted to 
operate the slide valve to a closed position and a 
partial rotation is given causing the bosses or 
studs on the slidable mandrel to follow upwardly 
inclined diagonal grooves in the interior of the 
intermediate body section connecting with the 
first or main vertical grooves. Such studs in 
making the test are located in the open slide 
valve port position slightly below the inclined 
grooves. A further upward movement of the 
mandrel with its studs or bosses brings these to 
approximately the top of secondary vertical 
grooves on the interior of the intermediate body 
section and brings a pulling collar on the sliding 
mandrel in contact with a pulling shoulder on 
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hole or in the main bore under test. 

2,128,258 
in this position is closed thus locking any well 
formation fluid in the drill pipe. 

This immediate action releases by-pass or 
equalizing valves for opening. Such valves lo 
cated in a lower body section are preferably of 
a ball and plug type maintained closed by the 
balls engaging a hollow by-pass mandrel secured 
to the lower end of the main sliding mandrel and 
in communication with the formation to be test 
ed, the formation fluid having passed upwardly 
through this mandrel and through the sliding 
valve. As soon as these by-pass valves are re 
leased the pressure of the slushing mud or fluid 
in the Well above the packer forces such valves 
open and flows downwardly into the formation 
below the packer, that is, into the rat hole or 
the lower part of the well bore as such is being 
tested. This permits ready release of the packer 
from the well bore and raising of the drill string 
with its sample and a multiple valve assembly to 
the top of the Well. 
A further characteristic feature of my inven 

tion includes a circulation valve by which the 
slushing mud or fluid used in hydraulic drilling 
may be pumped downwardly below the released 
packer if for any reason it is necessary to do so 
to save the well. Of course in this action the 
sample is lost but the circulation of slushing fluid 
may be started and maintained. Such circula 
tion valve preferably includes a rubber plug with 
a ball located in a reduced cylindrical Section at 
the top of the hollow by-pass mandrelat its con 
nection to the main mandrel, there being a bore 
communicating with the annular space surround 
ing the locked hydraulic fluid valve to the cir 
culation valve. On the circulation fluid being 
pumped downwardly through the drill pipe this 
plug with the ball is forced downwardly through 
the hollow by-pass mandrel into the perforated 
formation fluid intake located either in the rat 

Thus the 
hydraulic slushing fluid may be re-circulated in 
the well. A further detail feature of my in 
vention is that such re-circulation may be started 
without releasing the by-pass valves should this 
be necessary as the fluid pumped below the 
packer equalizes with the fluid above the packer 
so that the whole equipment at the proper time 
may be removed from the well, that is, after the 
circulation has been properly established. Then 
by re-setting the hydraulic fluid locked valve and 
installing a replacement fragible orifice device, a 
second test may be made. 

It will thus be seen that with my invention 
employing the hydraulically locked valve that I 
provide for those occasions in well drilling for 
running a string of empty or dry pipe Such as 
tubing or drill pipe into the drilled hole and 
maintaining this dry or empty until the occasion 
arises to permit flow of fluid from the Well into 
such dry tubing or pipe. In testing for produc- . 
tion in an oil well the drilling stem or string of 
drill pipe is used temporarily as oil tubing from 
the bottom of the well to the top of the hole. 
This pipe is run into the well hole dry by being 
equipped with my hydraulic locked valve and the 
testing apparatus attached to the extreme lower 
end. With this apparatus a sample of the gas, 
oil or water content of the bottom of the drilled 
hole is taken from below the static column of 
drilling fluid which is contained in the bore hole. 
This sample of formation matter or liquid either 
flows up to the top of the hole if the formation 
pressure is sufficient or that which does enter 
the test string of piping is trapped in the empty 

force the fluid to the top of the well. 
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drill pipe and removed for analysis. Such Sam 
ple therefore determines the completeness of the 
well at the particular depth and shows whether or 
not it is desirable to drill deeper. 
In the case of starting a well to flow after the 

drilling process is completed and production is 
certain, my hydraulic locked dry pipe valve main 
tains a dry or empty string of oil tubing which 
is run into the bore hole for permanent instal 
lation through which the oil and gas may flow 
to the top of the well. By opening the hydraulic 
locked valve which is attached to the lower end 
of the tubing, the well may be started to flow 
provided there is sufficient formation pressure to 

Should 
this formation pressure not be sufficient to de 
velop a flowing well such well could be pumped 
in the ordinary manner. It will be noted that 
my dry pipe valve permanently attached to the 
bottom of the oil tubing causes no restriction in 
the continued flowing of the oil and gas produc 
tion after this is established. . 

Practical applications of my invention are illus 
trated in the accompanying drawings, in which: 

Fig. 1 is a vertical section showing a starter 
valve for flowing wells with my hydraulic lock 
valve, the sealing valve body and the locking 
fluid body being shown in vertical section and 
the internal parts of the differential piston as 
sembly in elevation. In this figure the hydrauli 
cally locked valve is shown in closed position. 

Fig. 2 is a section similar to Fig. 1 showing 
the hydraulic locked valve and the Sealing valve 
in the full open position. 
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Fig. 3 is an enlarged section of part of the as- ? 
sembly of Fig. 1 showing the differential pistons 
and the detail construction of the Sealing valve 
portion of my invention. 

Fig. 4 relates to a well testing device utilizing 
my hydraulic lock valve. This figure is a verti 
cal section through a portion of a well bore, rat 
hole and packet seat with a portion of a stem of 
drill pipe and the various valve body Sections 
shown in elevation. 

Fig. 5 is a vertical section showing the upper 
body section with the hydraulic locked valve con 
centric therewith, such valve being illustrated in 
its closed position. This also includes the por 
tion of the dry pipe valve. 

Fig. 6 is a continuing lower section from that 
of Fig. 5 showing the intermediate body section 
with the slide valve and the lower body section 
with the by-pass or equalizing valves, and the re 
circulation valve, all of these valves being illus-, 
trated in their closed position. 

Fig. 7 is a partial interior elevation of a por 
tion of the intermediate body section to illustrate 
vertical and inclined internal grooves. 

Fig. 8 is a transverse section on the line 8-8 of 
Fig. 6 in the direction of the arrows. 

Fig. 9 is a transverse section on the line 9-9 of 
Fig. 6 in the direction of the arrows. 

Fig. 10 is a section on the line O-O of Fig. 6 
in the direction of the arrows. 

Fig. 11 is a section similar to Fig. 5 showing the 
hydraulic lock valve in its full open position 
thereby opening the dry, pipe valve. 

Fig. 12 is a section similar to a portion of Fig. 6 
showing the slide valve in its open position for 
obtaining a sample of fluid from the well forma 
tion. 
My invention as applied to a starter valve as ill 
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lustrated in Fig. 3 shows the lower end of a string 
of oil tubing f which may be of the usual char 
acter. Threaded to the lower end of this string is 75 
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the sealing valve body 2. This is illustrated as and the gland nut 62 extending upwardly in the 
connected to the tubing stem by an internal 
threaded box and at the bottom it has an ex 
ternally threaded pin 4 which engages the in 
ternal threads of a box at the upper end of 
the locking fluid body it. This latter is shown 
as internally threaded at the bottom to which 
is connected a fluid chamber cylinder 8, this 
atter having external threads at the top and 

widening cone 8, and the lower end preferably. 
extending downwardly within the contracting 
cone 32. 
With the pistons in this position and the 

frangible orifice device 55 in place the assembly 
with the string of oil tubing is lowered into the 
well in the Ordinary manner. The frangible de 
vice may be made of such material as Bakelite, 

may be quite thin. Such cylinder has a closed glass, hard rubber or the like. The assembly is 
base f with a filler opening 20 closed by a plug 
2. 
The characteristics of the locked hydraulic 

valve, designated by the assembly numeral 25 
include the internal large cylinder 26 forming the 
interior of the locking fluid body 6, this having 
a downwardly facing shoulder 2 at the top and 
a relatively large opening 28, above the shoulder. 
Such shoulder is illustrated as adjacent the upper 
end of this locking fluid body. The Sealing valve 
body 2 has an internal cylinder 29 of less cross. 
sectional area than the opening 28. A relatively 
large cylinder 30 in the valve sealing body has a 
plurality of production ports 3, these being in 
the form of vertical slots. A coned taper 32 con 
nects the upper end of the cylinder 30 with the 
lower end of the piston cylinder 29 and above this 
piston cylinder there is a diverging cone 33. A 
tubular piston rod 35 has an upper tubular piston 
3B secured thereto by the threaded connection 3 
(note Fig. 3) and at the lower end there is the 
large tubular piston 38 secured to the rod by a 
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threaded connection at 39. The upper piston has 
a reduced cylindrical neck 40 on which is mounted 
a series of cup leathers 4 separated by ring foll 
lowers 42. In the illustration 3 cup leathers are 
shown facing downwardly. A nut 43 threaded on 
the upper end of the neck retains the followers 
and cup leathers in position. The lower piston 
also has a reduced neck 44 with an upper cup 
leather 45 facing upwardly and a Series of lower 
cup leathers 46 facing downwardly, these being 
separated by follower rings 47 and the assembly 
held in place by a nut 48 threaded on the lower 
end of the neck-44. 
The frangible orifice device designated by the 

assembly numeral 55 has an upwardly extending 
bar structure 56 (note Fig. 3) with a small bore 
duct or orifice member 57 extending upwardly, 
there being an internal cone 59 leading to the 
base or botton 60. This is seated on the bottom 
of a recess 6? in the neck of the upper piston, the 
assembly being held in place by a gland nut 62, 
there being packing 6 between the nut and base 
60. An annular groove 64 or other weakening 
structure is formed in the rod below the top of 
the orifice duct 57. It is preferable that the rod 
extend upwardly a short distance within the low 
er end of the lowermost stand of the Oil tubing. 
In the manner of operation of my invention in 

assembling at the top of the well, liquid of a suit 
able type such as water is filled in the fluid sealed 
space 70. This is the space in the locking fluid 
body is and the fluid chamber cylinder 8. When 
this is filled so that the piston assembly 25 is 
thrust upwardly the plug 2 is inserted. This as 
sures that the upper end of the lower piston bears 
against the seat 27. The cup leathers facing 
downwardly on the lower piston assure that there 
will be no leakage of the locked fluid upwardly 
into the inlet annular chamber 7 in the sealing 
valve body 2 immediately inside of the ports 3 
and surrounding a piston rod 35. When in this 
position the upper piston 36 is located in the pis 
ton cylinder 29, the upper end with the nut 43 

lowered through any residual liquid or slushing 
mud in the well. When at the proper depth the 

) 

tubing is secured at the top, that is, adjacent the 
derrick floor and suitable equipment is attached 
to the top of the string of tubing to control the 
upward flow of oil when this takes place. By 
this construction and procedure, the tubing is 
what is termed dry, that is, empty, containing 
no oil or no liquid and although the liquid and 
oil in the well may enter the ports 3 it is abso 
lutely blocked from upward flow no matter, what 
the pressure by the upper piston. 36. Manifestly 
this piston assembly is locked by the fluid in the 
chamber 70. The downwardly facing cup leath 
ers on the upper piston prevent upward seepage 
of liquid no matter what the pressure in the well. 
When it is desired to start the well flowing, a 

ball or go-devil indicated by the numeral 72 in Fig. 2 is dropped downwardly through the dry or 
empty oil tubing. This ball is of slightly greater. 
diameter than the radial distance from the out 
side of the rod portion 56 and the inside of the 
oil tubing but is of a less diameter than the piston 
cylinder 29 and the opening 28. The ball there 
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fore strikes the rod 56 and breaks this at the 35 
Weakened line 64, thus exposing the opened end 
of the duct orifice 5. 
A differential pressure is developed on the 

upper and lower pistons due to the oil or other , 
liquid in the well which has entered the ports 3. 
and filled the annular space 7. This bears 
downwardly on the upper end of the lower piston 
and the lower end of the upper piston but as 

40 

the lower piston is larger in diameter and has a 
larger area exposed through the opening 28, there 
is a greater total pressure downwardly. This 
therefore forces the piston assembly downwardly 
in the locking fluid body 6 and displaces the 
fluid 70 which flows upwardly through the tubu 
lar lower piston 38, the tubular piston rod 35, the 
tubular upper piston 36 and through the con 
tracting open cone 59 and the open orifice duct 57. 
This gives a relatively slow discharge allowing 
the piston assembly to move downwardly slowly. 
The internal cylinder 30 is larger than the upper 
piston 36 so that there is always room for flow 
of oil upwardly around this upward piston when 
it descends a sufficient distance to develop an 
annular Opening surrounding the nuts 43 and 
the gland nut 62. The hydraulic pressure in the 
well together with the action of gravity causes 
the piston assembly to still move downwardly 
until the complete piston cylinder 29 is open for 
the upward flow of the oil from the well. The 
piston assembly with the ball 72 and the broken 
piece from the upper end of the bar 5 drops 
downwardly into the fluid chamber cylinder 8 
which brings the upper end of the upper piston 
a considerable distance below the production 
ports 3, hence the valve assembly has no inter 
ference with the production cf oil. The various 
parts of the equipment which thus drop down 
wardly and rest on the bottom 9 are left in the 
well as they perform no adverse function in the 
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free flow of flowing a well and under some cir- 75 
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cumstances even if the oil requires pumping in 
the oil tube these may still be left in the well 
until Occasion arises. to remove the oil tubing. 

It will thus be seen that by my invention I 
employ a locking fluid for locking a dry tubing 
valve in its closed position. The particular valve 
which shuts off the production may be considered 
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as the upper piston, that when the frangible 
device is broken the locked fluid is released per 
mitting opening of the dry pipe valve and thus 
starting the production of oil. in a flowing well 
which may continue indefinitely. 

It is believed obyious that the differential pi? 
ton action for the hydraulically locked valve may 
be obtained by, for instance, having the upper 
and lower pistons of the same size operating in 
suitable cylinders and with a compression spring 
seating on the lower cylinder and on a shoulder 
extending inwardly on the large cylinder 36. 
With this construction the pressure of the spring 
will start and continue the downward move 
ment of the piston assembly bleeding the hy 
draulically locked liquid through the orifice until 
the piston. assembly is free to drop by gravity. 
My invention incorporated with a well testing 

equipment is Substantially as follows as illus 
trated in Figs. 4 through 12 inclusive. In this 
case referring to Fig. 4 the lower portion of a 

The well bore is indicated by the numeral 90. 
drawings illustrate a bottom portion in which 
no casing has been set however it will be under 
stood the casing may be in this portion of the 
bore if desired. A rat-hole 9 extends down 
Wardly into the oil bearing formation 92 from 
which a sample is to be taken. A reamed seat 93 
is made in a standard manner between the large 
bore of the Well hole and the Small bore of the 
rat-hole. This is to form a seat for a tapered 
packer when testing the formation by a rat-hole. 
It will be understood that if a full bore extends 
downwardly that the lower portion of this may 
be made by using an expanding packer of a 
standard type which seals of the upper portion 
of the Well above the packer. Of course in both 
types of testing it is presumed that there may 
be oil in the rat-hole and the bottom portion of 
the main bore or these may be filled with a slush 
ing fluid or mixture of the slushing fluid and oil, 
In my invention a lower portion of a string of 
drill pipe is indicated by the numeral OO to which 
is attached an upper cylindrical body section of 
(note particularly Figs. 5 and 11). This is illus 
trated as having a tapered threaded box fo2 ad 
iacent the upper end for connection by a tool 
joint 03 or other device to the lower part of the 
drill string. A. contracted opening 04 is im 
mediately below the box. An outwardly flared 
cone 5 leads to a large cylindrical section fos 
of this upper body section, this terminating in a 
contracting cone 07, below which there is a 
threaded connection 08 to an upper or first 
intermediate body section designated by the 
numera O (note particularly Figs. 5 and 11). 
This section below the threads has a relatively 

large cvlindrical bore ff with an annular trans 
verse shoulder f2, the lower end of the upper 
body section being indicated by the numeral 3 
forming an opposing shoulder with the shoulder 
f2. A cylindrical bore 4 extends downwardly 

from the shoulder 2 and is preferably at least 
of the same internal diameter as the lower 
threaded portion of the upper body section. An 
annular shoulder 5 terminates the cylindrical 
section f 4 and below this there is an internally 
threaded section 6 and a cylindrical bore 7, 

5 
This is illustrated as having internal threads 18 
at its lower end. , ? 

A-sliding mandrel designated by the assembly 
numeral 25 (note particularly Figs. 5, 6, 11 and 
12) has an upper external thread 26 connecting 
with the upper intermediate body section 0. 
The mandrel has an outside cylindrical surface 
27 and has a large bore 28 at its upper part 
contracted to a smaller bore 29. At the bottom 
of the mandrel there is a screw threaded recess 
30. With a reduced seat portion 3 to which is 

fitted a hollow by-pass mandrel designated by 
- the assembly numeral 35. 
against a seating ring 36 in the seat portion f3 

This mandre seats 

of the recess and is connected to the threads at 
30. Internally this hollow by-pass mandrel has 

a cylindrical valve seat section 3 and a larger 
bore section 
through this section there are a plurality of flow 
ports 39 for the liquid, sample to be obtained 
from the well. The by-pass mandrel is indicated 
as terminating at 40. This latter mandre is 
thus interconnected to the upper or main mandre 
and has an up and down movement relative to 
the other parts of the apparatus with such 
mandre. 

Slidably mounted on the main mandre 25 
there is the second or lower intermediate body 
section designated by the assembly numeral 50 
(note particularly Figs. 6 and 12). 
section is cylindrical on the outside and at the 
top has a packing bore 5 with internal threads 
52 thereabove, a packing 53 for the sliding 
mandrel 25 is fitted in the lower portion of the 
bore. 5 and retained in place by a gland nut 
54 which has a depending threaded section 55 
engaging the threads 52 and held in place by a 
lock ring 56 threaded on the threaded portion 
of the gland and jammed against the upper end 
of the second body section 50. This second body 
section terminates at the bottom at 57 and is 
illustrated as being internally threaded. 
To this there is connected the lower body sec 

tion fo, this having a threaded connection at 
17 to the lower end of the lower or second inter 
mediate body. The upper end T2 forms a shoul 
der to seat weight on the packer as described 
hereinunder. This lower body section has an 
internal cylinder 73 forming a sliding fit with 
the lower end portion of the main mandrel 25. 
A reduced cone section 74 leads to a cylindrical 
bore 75 in which the lower portion of the by 
pass mandrel f35 has a sliding fit. 
A sub designated by the assembly numeral fo 

(note Figs. 4 and 6) is connected by any suitable 
type of threaded joint f8 f to the lower end of 
the lower body section 70. The bore f 75 ex 
tends into this sub and the sub also has a perfo 
ration extending therethrough. On the sub is 
the tapered packer 82 and below the packer 
a, small diameter intake perforated tube f83, 
The tapered packer is designed to seat on the 
seat 93 connecting the main well bore 90 and the 
rat-hole bore 9. It is to be understood that 
any suitable type of packer might be utilized and 
if the sample is to be taken from the lower por 
tion of the main well bore, that an expand 
ing type of packer Will be used. These are quite 
Well known in the art as is also thic structures 
and manner of expanding. The perforated tube 
f83 is for the purpose of permitting the upward 
flow of the liquid from the portion of the forma 
tion to be tested. 
My hydraulically locked Valve is designated by 

This body 
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the assembly numeral 200 (note particularly 75 
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Figs. 5 and 11). This employs a confining fluid 
cylinder 20 having an enlarged collar 202 at the 
bottom which fits in the cylindrical section if 
of the upper or first intermediate body section 
f0. It is seated on the shoulder 2 and held 

tightly in place by the lower end 3 of the upper 
body section through the medium of a resilient 
Washer if necessary. This construction holds the 
cylinder 20 vertical and concentric with the 
main body section 0. 
preferably circular ports 203 in the collar 202 
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communicating from the space 204 to the hollow 
space 205 within the cylinder 20?. 
A valve plug 20 is fitted to the upper end of 

the cylinder 20. 
perforated cage 22 and a ball 23 to engage on 
the seat limited as to its upward movement by 
the perforated cage plate 22. An externally 
threaded neck 24 extends upwardly from the 
valve plug and is cylindrical on its inside sur 
face. This forms a mounting for the frangible 
orifice duct device 220. Such device has a base 
section 22 seating on the cage plate 2 f2. It 
has an upwardly extending bar section 222 with 
compressible packing rings 223 retained in place 
by a gland nut 224, this having internal threads 
and being threaded on the external threads of 
the neck 24. The lower surface of the gland nut 
and of the valve plug 20 contact as indicated 
at 225. The orifice element has an internal open 
cone 226 extending upwardly from its lower end 
from which there is a central orifice duct 227. 
This extends above the annular groove 228 or 
other device forming a weakening section. A 
tubular sleeve 230 has a threaded connection 
to the outside of the gland nut and extends up 
wardly preferably above the top of the frangible 
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orifice bar 222, having an internal bevel 23 at 
the top. This leaves a space 232 between the . 
top of the sleeve and the contracted opening fo4 
adjacent the top of the upper body section. The 
internal opening in the sleeve 230 should be ap 
proximately equal to that of the opening 04 to 
direct the downward path of a go-devil as here 
inunder described. • 
The hydraulic locked valve employs a dry stem 

sealing valve cylinder designated by the assembly. 
numeral 240 (note particiularly Figs. 5 and 11). 
This has an upper shoulder section 24 f bearing 
on the shoulder 5 of the upper intermediate 
body section O and has external threads en 
gaging the threads 6. The outside lower cy 
lindrical part 242 is preferably slightly smaller in 
diameter than the inside cylinder T. Wrench 
grip notches 243 provide for threading this valve 
cylinder in place. Such cylinder has an internal 
cylindrical surface 244 with a conical flare 245 at 
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the bottom and a conical piston engaging shoul 
der 246 at the top. 
The piston assembly designated by the assem 

bly numeral 250 has a piston rod section 25 . 
cylindrical on its cutside surface and provided 
at its upper end with a relatively large diameter 
piston 252. This is illustrated as having a stem 
253 (note Fig. 5) with a plurality of cup leathers 
254 separated by follower rings 255, these being 
held in place by a nut 255' at the top of the 
stem. These cup leathers it will be noted are 
faced upwardly to resist leakage of the locked 

70 fluid in the space 256 inside of the cylinder 20 
below the valve plug 20 and the piston. At 
the lower end of the cylindrical part of the piston . 
rod 25f there is a converging coned seating plug 

75 
257 preferably formed integral with the rod sec 
fion and below this is a small diameter piston 

There are a plurality of 

This has a valve seat 2, a 

particularly Fig. 7). 
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258. This employs a stem 259 with a plurality 
of cup leathers 260 thereon separated by follower 
rings 26. The assembly is held in place by a 
displacement mandrel 265 threaded on the lower 
end of the stem 259. This is preferably locked 
in place by a set screw and has a plurality of 
tapering flutes 266, these flutes being of greater 
depth at the lower end than at the upper end 
of Such mandrel for a purpose hereinunder 
described. 
The sample shut off retaining valve designated 

by the assembly numeral 275 is illustrated par 
ticularly in Figs. 6, 8, 9 and 12. One side of the 
sliding mandrel 25 adjacent its lower portion is 
provided with a longitudinal groove 276. This 
has a flat base surface 277 parallel to the bore 
29 and has two side edges 278. These terminate 
at the top in a transverse shoulder 279 at right 
angles to the axis of the mandrel and at the bot 
tom in the upwardly inclined shoulder 280, Be 
low this shoulder the mandrel has a flat side 280'. 
to provide upward flow of the sample. Interme 
diate the length of this groove there is a port 
28 í leading to the bore í29. This port is shown 
as located within the area of an enlarged collar 
282 on the mandrel which operates in an en 
larged internal diameter bowl 283 of the second 
or lower intermediate body section 50. The up 
per part of this collar has a bevel 284 adapted 
to engage the complementary bevel 285 pulling 
shoulder at the top of the bowl. The lower an 
nular edge 286 is transverse to engage the seating 
shoulder or end 72 at the upper end of the lower 
body section 70. A sliding valve block 290 (note 
particularly Figs. 6, 8, 9 and 12) has an outer 
convex periphery 29 to have a snug fit in the 
bore of the bowl 283. The opposite vertical sides 
292 are vertical and parallel to fit in the sides 278 
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of the slot 276 of the mandrel and the block is . 
provided with a flat base 293 to engage the flat 
inner base surface 277 of this slot 276. The up 
per edge of the block is transverse as indicated at 
294 and has a slight corner bevel 295 to fit against 
the bevel 285. The lower edge has a transverse 
Outer portion 296 fitting on the shoulder 72 of 
the lower body section f 70 and from this there is 
a slight bevel 297 to conform to the upwardly 
inclined shoulder 280. The block is provided 
With a liquid flow duct 288 and a port 289 which 
is brought into and out of registry with the port 
28 of the mandrel 25 when this mandrel moves 
up and down. It will be understood that the 
block 290 is held practically stationary but there 
is a slight clearance at each end providing for a 
slight up and down movement to take care of 
any inaccuracy of fit. In order, to tightly seat. 
the valve block against the mandrel to prevent 
leakage therepast, the block is provided with one 
or more recesses 298 in which are fitted compres 
sion Springs 299 bearing on the base of a recess 

against the cylindrical surface of the bowl 

The slot and stud assembly 3 ?o for regulating 
the position of the sample shutoff valve 275 em. 
ploys a first or a long vertical slot 3? in the sec 
ond or lower intermediate body section 50 (note 

This extends vertically up 
Wardly from the upper end of the bore of the 
bowl 283 and terminates with rounded end 32 
at the top. An upwardly sloping slot 33 extends 
laterally from the vertical slot 3 if, the upper 
edge of this slot being positioned below the 
rounded upper end 32 and extending upwardly 
from this slot 33 there is a second or a shorter 
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vertical slot 3 4 also terminating in an upper 75 
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rounded end 315. Each of these sets of slots is 
located preferably diametrically opposite in the 
second intermediate body section, that is, the 
first vertical slots 3 f are diametrically opposite, 
the inclined slots 33 also opposite and the sec 
ond vertical slots 314 are opposite one to the other. 
The mandrel is provided, with two diametrically 

: opposite substantial studs 3f6 to operate in these 
0. 

5 

slots, the manner of operation and functioning. 
being detailed hereinunder. 
The by-pass or equalizer valve assembly 325 

(note particularly Fig. 6) employs one or more 
transverse perforations 326 in the thick lower 
portion of the lower body section f 0 and lead 
ing to the cylindrical bore 75. In each of these 
bores there is a ball 327 adapted to contact, the 
outside surface of the by-pass mandrel 35 ad 
jacent its lower end and immediately outside of 
each ball there is a rubber plug 328. The plugs 
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are Seated by a tubular nipple 329 threaded in the 
outer threaded end of the perforation 326. It is 
manifest that as many of these balls and valve 
assemblies will be utilized as are necessary to give 
the desired by-pass or equalizing flow downward 
ly below the packer as are necessary. These 
valves are held in their inactive or closed posi 
tion by the lower portion of the by-pass mandrel 
35 engaging the balls and preventing the balls 
and plugs being forced inwardly. 
The re-circulating valve designated by the as 

Sembly numeral 335 includes a ball 336 seated up 
Wardly against the seating ring 36 which is lo 
cated in the recess í 30 extending upwardly from 
the bottom of the sliding mandrel 25. The ball 
has a sliding fit in the cylindrical valve seat sec 
tion 137 of the by-pass mandrel 135. Below thé 
ball there is a rubber plug 337 which with the 
ball is inserted upwardly through the open lower 
end of the by-pass mandrel 35 and has sufficient 
friction to prevent the rubber plug and the ball 
being forced outwardly until this is accomplished 
by a downward hydraulic pressure by pumping 

top of the well. 
240 is inserted in the upper intermediate body 
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slushing fluid or the like. 
The manner of operation and functioning of 

my Well testing apparatus is substantially as foll 
loWS: The various sections are assembled at the 

For instance, the valve cylinder 

section to prior to locating the confining fluid 
cylinder 20, the piston assembly 250 having the 
Small piston end inserted in the cylinder 240, the 
fluid chamber 256 may be filled with water or 
other fluid before connecting the frangible orifice 
duct device 220, the upper body section of is then 
connected to the upper intermediate section O. 
The second or lower intermediate body section 
50 is fitted over the sliding mandrel f25, the slide 
valve 275 is assembled and the studs 36 on the 
mandrel &re guided into the first vertical slots 
3 seating against the upper end 32. The by 
pass mandrel 35 with the re-circulating valve as 
Sembly 335 is fitted to the mandrel, the remaining 
lower intermediate body section 70 is then as 
sembled with Lie by-pass valves 325 anda suitable 
type of subindicated at 80 with a suitable packer 
and perforated intake pipe which may have the 
function of an anchor completes the installation. 
As above mentioned if the sample is to be taken 
from a rat-hole, a cone packer such as 82 is uti 
lized but if the sample is to be from the full bore 
well hole a suitable type of expanding packer is 
utilized, these being well known in the art. After 
assembly of my equipment it is lowered into the 
well by connecting the various stands of drill pipe. 
In the procedure of lowering, all of the parts be 

. 336. 
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low, the upper intermediate body section 0 are 
suspended from the studs 36 on the mandrel en 
gaging the upper end 32 of the first vertical slots 
3. This positions the sample shut off valve as 
sembly 275 in a closed position, that is, the port 
28 f on the mandrel and the port 289 in the valve 
block are out of registry. Thus the hydraulic 
pressure in the well is shut off from the bore 129 of 
the mandrel above the recirculating ball valve 

However any possible leakage past this is 
immaterial as the pistons of the piston assembly 
259 are locked in the closed position by the fluid 
locked in the chamber 256. 
. When the packer is seated a slight downward 
movement of the mandrel in reference to the low 
er body section G and the lower intermediate 

- body section 5 brings the lower annular edge 
286 on the collar 282 of the mandrel in contact 
With the shoulder 2 on the upper end of the low 
er intermediate body section 16. Thus sufficient 
Weight may be placed on the packer to secure a 
tight seal and to close off the rat-hole where a 
tapered packer is used from the main well bore. 
Likewise when a test is being made of the full well 
bore the packer makes a hydraulic seal between 
the slushing fluid above the packer and the fluid 
in the well below the packer. This action of seat 
ing the packer and lowering the sliding mandrel 
in reference to the parts which are held station 
alry aligns the ports 28 f and 289, thus developing a 
hydraulic pressure in the upper or large bore 28 
of the sliding mandrel immediately below the 
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valve cylinder 240. This cylinder is closed by the 
lower or small piston 258 which as above men 
tioned, has the cup leathers, facing downwardly 
to prevent upward leak of the fluid of the sample 
being tested. Such fluid develops a pressure 
through the perforated pipe 83 from the rat-hole 
or the part of the well to be tested. When every 
thing is ready to make the test a go-devill indi 
cated at 350 (Fig. 11) which may preferably be in 
the form of a bar, is dropped down through the 
dry or empty drill pipe. This is guided by the 
drill pipe and the opening 104 at the upper end 
of the upper body section and also by the tubular 
sleeve 230 so that it wedges between such sleeve 
and the frangible orifice bar 222, thus causing a 
breaking of this bar at the weakened section 228. 
(note Fig. 11). Therefore the lock confining the 
lock fluid in the chamber 256 is released and due 
to the very high hydraulic pressure pressing up 
Wardly on the Small piston end 258, the whole 
piston assembly is forced upwardly causing the 
large diameter piston 252 at the top which has 
the cups facing upwardly to be forced in an up 
Ward direction in the cylinder 20. This action 
develops an upward flow of the confined or locked 
fluid through the small orifice 227, this being a 
bleeder. Such action unseats the ball valve 23. 
The graduated flow of the sample under test 

which is usually at a very high pressure compared 
with the atmospheric pressure in the dry or empty 
drill pipe is developed as follows: As the piston 
assembly 250 is forced upwardly there is a full 
and complete seal in the valve cylinder 240 until 
the cup leathers pass above the upper end of the 
cylindrical section 244. This then brings the up 
per end of the flutes 266 in the further upward 
movement of the piston assembly, into the cone 
246. Such action allows first a somewhat slow 
flow of the sample from the well and as the piston 
assembly is still forced higher, the larger or bot 
tom end of the flutes on the displacement man 
drel 265 allow an increased flow. Then as the 
piston assembly is forced up still further, the 
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der 20 somewhat as illustrated in Fig. 11. 

S 
small piston entirely clears the cylinder 240. The 
sample being taken flows upwardly through the 
series of ports 203 in the collar 202 and passes 
upwardly in the annular space between the cylin 
der 20 and the inside of the upper body section 
Of. The piston assembly 250 is driven upwardly 
by the pressure into the upper part of the cylin 

The 
flow of the sample follows substantially the direc 
tion of the arrows indicated as passing outwardly 
through the perforations 39 by the numeral 35 
past the flat side 280 at the lower end of the slid 
ing mandrel as indicated at 352, through the 
aligned ports of the slide valve at 353, upwardly 
through the mandrel as indicated at 354, through 
the cylinder 244 at 355 and upwardly following 
the arrows 356 and 357 (note Figs. 11 and 12). 
After allowing the upward flow of the sample to 
be obtained for the desired length of time, it is 
necessary to close the sample retaining valve 25. 
This is done by slightly lifting the string of drill. 
pipe with the upper body section and the man 
drel. This disengages the shoulder 286 on the 
collar 282 from its seat 72 and brings the studs 
3f6 into alignment with the lower end of the in 
clined slots 33. Such studs have been slightly 
below this slot as indicated in Fig. 12 during the 
flow of the sample and the alignments of the 
ports 28 and 289. Then a slight rotational turn 
of the drill string which causes a slight rotation 
of the mandrel guides the studs 36 upwardly in 
the inclined slots 33 into the second vertical slot 
34 when a vertical lift on the drill pipe brings 
these studs upwardly in these slots 34. Such 
action dis-aligns the ports 28 and 289 shutting 
off the sample retaining valve. In the rotation of 
the mandrel the block 290 of course rotates with 
the mandrel. The drill pipe is lifted until the 
pulling shoulder 285 in the lower intermediate 
body section 50 is engaged by the inclined shoul 
der or bevel 284 of the collar 282 on the mandrel. 
When so engaged there is a clearance between the 
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studs 36 and the end 35 of the slots 34. Hence 
the entire lifting pull is taken between the COIn 
plementary shoulders 284 and 285. 

However, before unseating the packer and lift 
ing the sample it is necessary to equalize the 
pressure in the well above and below the packer. 
During the taking of the sample the by-pass 
valves 325 have been retained in their closed posi 
tion on account of the balls 32 engaging the 
lower portion of the tubular by-pass mandrel 35. 
These valves are held in this position manifestly 
when the assembly is being run in the well and 
while the sample is being taken. However when 
the studs 36 are located in the slots 34 the man 
drel with the by-pass mandrel 35 is raised so 
that the lower end 40 is brought above the valves 
325. Then the pressure of the slushing fluid and 
any other fluid in the well above the packer forces 
the plugs 328 with the balls inwardly so that 
these may drop downwardly into the perforated 
intake pipe 83 or an anchor where such is used. 
This gives a free passage for the fluid above the 
packer to equalize the pressure below the packer 
and maintains an open passage So that the assen 
bly with the packer may be elevated to the top of 
the well, stand by stand of the drill pipe being 
removed in this procedure. Thus as the sample 
taken from the well is trapped in the formerly 
dry drill pipe, an accurate sample may be taken 
of the flow of oil and other liquid from the Well, 
that is, from the portion under test. 
The function of the re-circulating valve 335 is 

as follows: This valve is Only intended to come 

2,128,258 
into operation when through some reason or other 

the circulation to prevent so-called freezing of 
the equipment in the well. After a sample has 
been taken, this of course necessitates losing the 
sample. Thus for instance, presuming a sample 
has been taken and everything is ready to lift. 

1) the equipment by the complementary shoulders 
284 and 285 engaging, then if the drill pipe above 
the sample taken is filled with slushing fluid and 
this is pumped downwardly under the high pres 
sure usually developed, the pressure of the fluid 
in the small bore 29 in the mandrel forces the 
plug 337 with the ball 336 downwardly completely 
through the by-pass mandrel 35, this plug with 
the ball descending into the perforated intake 
tube 83 or into an anchor where such is used, 
or at any rate, the plug is driven out of the way, 

it is found necessary to re-start the circulation of . 
the slushing fluid. This may be necessary to give 
sufficient pressure to Seal off the Well or to start 

5 

20 so that the slushing fluid pumped downwardly 
through the drill string may pass out through the 
perforated tube 83. After the circulation is 
properly established, the assembly may be ele 
wated to the top of the well, the hydraulic locked 
valve reset and the dry drill pipe again lowered 
into the well to make another test. 

It is sometimes desirable to have a positive high 

25 

pressure on the hydraulically locked fluid in the 
space 256. For this purpose a valve assembly 350 
may be installed in the confining fluid cylinder 
20 and after attachment of the frangible duct 
device 200, fluid may be forced in under pressure 
with an instrument similar to a grease gun. This 
causes a positive and forcible seating of the 
tapered plug portion 25 of the piston rod section 
25 against the cone shaped shoulder 246 at the 
top of the valve cylinder 240. These may be pro 
vided with surfaces sufficiently accurately made 
to develop a closed seal independent of the pack 
ing CupS. 

30 

40 

In the construction of Figs. 1, 2 and 3 relating 
to the hydraulically locked starter valve, if de 
sired, I may have the sealed fluid 70 under an 
initial high pressure in which case a pressure 
feed valve assembly designated 360 may be in 
corporated in the plug 2 or other part of the 
device so that after the Space inside of the body 
f6 is filled with liquid this may be brought under 
pressure by an instrument similar to a grease gun. 
Such action exerts a considerable internal pres 
sure on the liquid 70 and forces the piston as 
sembly upwardly so that the upper end of the 
lower piston 38 has a tight seat and if desired, 
seal, against the downwardly facing shoulder 27 
at the upper part of the body f6. 
I wish to emphasize the important function 

of the action of tapered flutes 266 in the displace 
ment mandrel 265 in reference to the valve cyl 
inder 240. When the piston assembly is forced 
upwardly and the upper end of the flutes are posi 
tioned slightly above the cylindrical section of 
the valve cylinder 240, on account of the small 
cross Sectional area, only a Small amount of the 
fluid from the well which is under high pressure 
may flow upwardly. Then as the piston is fur 
ther raised and the tapering flutes give a larger 
cross sectional area the flow of the well fluid be 
comes more rapid but the increase of velocity is 
at a regular increment until the piston assembly 
is removed entirely out of the valve cylinder 240 
when the full cross sectional area of Such cylinder 
comes into operation for the upward flow of the 
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well fluid. This, which might be termed delayed as 
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action, reduces the scouring due to sand or the 
like contained in the fluid from the well. 

Various changes may be made in the details 
of the construction without departing from the 
spirit or scope of the invention as defined by the 
appended claim.S. 

I claim: 
1. In a well tool, a hollow structure having a 

chamber for a first fluid, a movable valve struc 
ture and a sealing means, a structure having a 
communication with the well formation whereby 
pressure of a second fluid may be exerted on the 
valve, the sealing means and the said valve lock 
ing the first fluid in the chamber and thereby 
restraining the valve from movement, the said 
sealing means having a construction for unseal 
ing or opening from a distance remote from the 
valve, means for bleeding the locked fluid, from 
the chamber due to a differential pressure on 
the valve between the pressure in the chamber 
and the pressure in the formation and means 
operative after discharge of a substantially pre 
determined amount of the hydraulic fluid flowing 
the second fluid from the well formation. 

2. In a well tool, the combination of a hollow 
structure adapted for immersion in a fluid in a 
well, such structure having a hollow chamber for 
a locked second fluid, a frangible sealing means 
forming a closure for one part of the chamber 
and a movable valve means forming a closure for 
the other part of the chamber whereby when the 
chamber is filled withfuid, such fluidislocked from 
out-flow by the sealing means and the valve means, 
the frangible sealing means being adapted to . 
be broken when desired, there being a bleeding 
outlet from the said chamber, means forming a 
fiuid communication between the first fluid in the 
Well and the valve means whereby a differential 
pressure between the well fluid and the locked 
fiuid causes a bleeding of such locked fiuld and 8. 
movement of the valve means, the said structure 
being provided with a passage for the flow of the 
well fluid after draining of a predetermined 
amount of the locked fluid by the movement of 
the valve means. 

3. In a well tool, the combination of a tubular 
structure adapted for lowering into a well and 
forming a passage from a desired depth to the 
top of the well, a hydraulic locked valve assembly 
connected to the lower end of said structure, said 
assembly including means forming a hollow 
chamber, a frangible sealing means with a bleed 
ing opening communicating with said chamber, 
a movable valve element forming a closure for 
another part of said chamber whereby a first and 
locked fluid is retained in Said chamber between 
the frangible sealing means and the valve ele 
ment, means forming a fluid communication from 
a second fluid in the well to the side of the valve 
outside of the said, chamber, the Said frangible 
Sealing means being adapted to be broken by a 
go-devil or the like dropped downwardly through 
the said tubular structure, the said bleeding 
opening communicating with said tubular struc 
ture whereby a differential pressure between the 
second and well fluid and the first and locked 
fluid develops a movement of the valve means to 
bleed a substantially predetermined amount of 
the locked fluid out of the said chamber and 
means opened by the movement of the valve for 
the flow of the well fluid into the said hollow 
structure. 

4. In a well tool, the contination of a tubular 
structure adapted for lowering into a well and 
forming a passage from a desired depth to the 
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top of the Well, a hydraulic locked valve assemi 
bly connected to the lower end of said structure, 
said assembly including upper and lower cylin 
ders with connected slidable valve pistons 
therein, the upper pistOn operating in the upper 
cylinder and the lower piston in the lower cylin 
der, a structure forming a chamber for a first 
and locked fluid connected to one of said cylin 
ders, a frangible ?ealing bleeder device also con 
nected to said chamber and having a bleeder 
duct positioned to communicate with the tubular 
body structure, means forming a fluid passage 
for a second or Well fluid to exert a pressure on at 
least one of the pistons, the first or locked fluid 
being trapped between One of the pistons and the 
frangible Sealing means, one of said pistons pre 
venting upward flow of the second or well fluid, 
the hydraulic pressure in the tubular structure 
being adapted to be very much less than that of 
the well fluid, the first or locked fluid engaging 
One of the pistons preventing movement of the 
piston assembly, the said frangible sealing means 
being adapted to be broken by a go-devil or the 
like dropped through the tubular structure and 
thereby opening the bleeding duct for communi 
cation with the tubular structure, the pressure of 
the second or well fluid on one of the pistons then 
being operative to move the piston assembly and 
force the locked fluid through the bleeding duct 
until the piston preventing flow upwardly of the 
well fluid is moved to such a position as to free 
the well fluid for upward flow into the said tubu 
lar structure. 

5. In a well tool, a dry pipe starting valve con 
prising in combination a string of oil tubing, a 
valve body structure connected thereto at the 
bottom and having a small bore cylinder at an 
upper part, a large bore cylinder at a lower part 
with flow ports therebetween, means forming a 
closure at the lower part of the large cylinder, a 
piston assembly including a piston rod having 
a small upper piston and a large lower piston 
fitted respectively in the upper and lower cylin 
ders, the pistons and the rod having a passage 
therethrough, the upper piston having a frangi 
ble sealing device connected thereto with a 
bleeding duct, said duct communicating with the 
passage through the pistons and the piston rod, 
an inter-engaging means between the piston as 
sembly and the valve body to restrict upward 
movement of the piston assembly with a first or 
locked fluid in the large cylinder below the lower 
piston, such fluid being sealed by the said sealing 
means and forming a positive lock against move 
ment of the piston assembly, the said frangible 
sealing means being adapted to be broken by a 
go-devill or the like dropped through the oil tiub 
ing and thus open the bleeding duct to communi 
cate with such tubing, the said ports admitting 
the second or well fluid to exert a pressure on the 
larger and lower piston and thus force the piston 
assembly downwardly and causing a bleeding 
through the duct of the locked fuid, the upper 
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piston thereby being retracted from the small 
upper cylinder and thus developing a free up 
ward flow of the well fluid through the small 
upper cylinder, the whole piston assembly with 
the frangible means and the go-devil being 
adapted to drop below the said ports. 

6. In a well tool, a drill pipe adapted to extend 
downwardly in the well to a desired depth, a well 
testing assembly secured thereto at the bottom, 
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Said assembly including an infoW means for Well 
fluid from the bottom of the well, a packer en 
gaging a Wall of the Well, and a relatively station 
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ary tubular structure positioned above the packer 

' With means to retain the said latter structure 
from movement, an upper tubular part con 
nected to the drill pipe and having a tubular 
mandrel vertically slidable in the lower relatively 
stationary structure, a sliding sample shut-off 
valve assembly operative between the lower 
structure and the sliding mandrel and forming 
an open connection for the iuid from the well 
when the mandrel is in its lowermost position, 
a hydraulic locked valve assembly including a 
lower and an upper valve cylinder with a piston 
assembly having an upper and lower piston in 
each valve cylinder, a chamber forming structure 
connected to the upper cylinder and having a 
frangible sealing means at the top with a bleed 
ing duct therein to communicate with the tubu 
lar structure from the bottom of the well, there 
being a fluid passage through the maindrel, the 
lower valve cylinder and upwardly outside of the 
upper valve cylinder and the locked fluid cham 
ber, said chamber being adapted to contain a 
locked fluid between the upper piston and the 
frangible sealing means, said Sealing means 
being adapted to be broken by a go-devil dropped 
from the top of the well to open the bleeding 
duct, the pressure of the well fluid being adapted 
to develop an upward movement. Of the piston 
assembly and thus move the lower piston up 
wardly in its cylinder to form a flow passage 
therethrough, after the trapping of the well fluid 
the tubular structure from the top of the well 
being adapted for upward movement and mov 
ing the mandrel upwardly to close. the said slid 
ing valve and thereby retain the sample. 

7. In a well tool as claimed in claim 6, a by 
pass valve located in the relatively stationary 
tubular structure above the packer communicat 
ing between the inside of said structure and the 
outside to the Well, means connected to the man 
drel to retain said valve closed during the upflow 
of a sample fluid from the well and adapted when 
the mandrel is raised to shut off the sample to 
permit opening of the by-pass valve to equalize 
the pressure above and below the packing. 

8. In a well tool as claimed in claim 6, a re 
circulating valve assembly mounted at the lower 
end of the passage through the mandrel with 

| means forming a passage to the relatively sta 
tionary tubular structure whereby after obtaining 
a sample such sample and slushing fluid may be 
forced downwardly through the drill pipe, the 
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mandrel and the relatively stationary tubular 
Structure to the bottom of the Well, 

9. In a well tool having means for attachment 
to a string of drill pipe or the like for lowering 
into a Well and in which a packer shuts of the 
portion of the well from which a sample is to be 
obtained, the combination of a bottom intake. 
structure for the sample fluid, a sample fluid flow 
valve, a hydraulic lock valve having a chamber 
structure with a frangible sealing means and a 
bleeding duct together with a cylinder having a 
valve piston therein, the said chamber being 
adapted to be filled with a locking fluid and said 
fluid preventing movement of the piston valve 
inWardly, a second fluid flow valve operatively 
connected to the piston valve and subject to the 
pressure of the well fluid when the sample re 
taining valve is open, means to open the sample 
retaining valve for upward flow of the well fluid, 
the frangible sealing means being adapted to be 
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broken by a go-devil dropped downwardly in the 
Well, the said bleeding duct then allowing escape 
of the locked hydraulic fluid, the pressure of the 
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well fluid being adapted to open the second filow 
valve and to force the piston valve to displace the 
locked fluid, there being a passage from the sec 
ond flow valve upwardly in the Well. 

10. In a well tool, a hollow body structure hav 
ing means for attachment to a drill pipe for 
lowering in a well and for flowing a sample of 
well fluid into the pipe combined with an inflow 
means for well fluid from the bottom of the well, 
a sample fluid retaining valve, means to open 
said valve for upward flow of the well fluid, a 
hydraulically locked sample flow valve having a 
first valve means positioned to be under pressure 
of the well sample fluid when the sample retain 
ing valve is Open, a locked fluid structure forming 
a chamber with a frangible sealing means having. 
a bleeding duct and a third movable valve means, 
the locked fiuld being trapped between the sealing 
means and the third valve and retaining the said 
second valve closed, the frangible means being 
adapted to be broken by a go-devil dropped down 
Wardly and striking such frangible means to 
thereby expose the bleeding duct whereby the 
pressure of the well fluid is adapted to move the 
second flow valve and the third valve to displace 
the locked fluid and open the second valve for a 
free upward flow of the sample fluid, the sample 
retaining valve having means for closing same 
after Securing a sample. - 

11. In a well tool, an upper hollow body struc 
ture having means for attachment to a drill pipe 
or the like for lowering in a well, a sample of well 
fluid being adapted to flow upwardly into the drill 
pipe, a lower hollow body structure, a tubular 
means connecting the upper and lower structures, 
the lower structure having means for inflow of 
well fluid, the upper body structure having a 
hydraulically locked valve including a cylinder 
positioned in the -upper body but spaced from the 
walls thereof, with fluid passages to said space, 
a frangible sealing means at the upper end of 
the cylinder with a bleeding duct, a first piston 
in the lower end of the cylinder, the space in the 
cylinder between the piston and the sealing means 
forming a chamber for hydraulic locking fiuid, 
the upper body having a second cylinder with a 
second piston fitted therein, the two pistons being 
connected whereby when the fluid is sealed in 
said chamber the Second piston is fitted in its 
cylinder, a fluid Sample retaining valve in the 
lower body structure with means to open said 
valve for the upward flow of the well fluid, said 
well fluid exerting an upward pressure on the 
Second piston, the frangible sealing means being 
adapted to be broken and expose the bleeding 
duct for a bleeding discharge of the locked fluid, 
the pressure on the second piston forcing the first 
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piston upwardly in its cylinder, the second piston 
having means to establish an upward flow of well 
fluid to the space surrounding the cylinder of 
the hydraulic locked valve and thence to the . 
drill pipe. 

12. In a device as described, a hydraulically 
locked valve assembly comprising in combination 
a tubular body structure having a chamber struc 
ture positioned therein with a first valve cylinder 
at the lower end thereof and a frangible sealing 
means with a bleeding duct at the upper end, 
there being a space between the body structure 
and the chamber structure for the upward flow of 
fiuid, a second valve cylinder connected to the 
body structure and positioned therebelow and 
means for the flow of fluid to the lower end of the 
Second cylinder, a first piston valve in the first 
cylinder, a second pistoh valve in the second cyl 
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inder, means connecting said piston valves, the 
second piston valve having a configuration at its 
lower end whereby when moved upwardly in the 
Second cylinder it permits first a gradual and 
then an increased flow of fluid upwardly, the said 
chamber structure and the first cylinder being 
adapted to contain a locking hydraulic liquid re 
tained between the first piston valve and the seal 
ing means, the sealing means being adapted to 
be broken and thereby open the bleeding duct 
whereby the pressure of the fluid on the lower 
end of the second piston valve forces both piston 
valves upwardly displacing the locking liquid 
through the bleeding duct and thereby when the 
second piston valve is forced upwardly above the 
Second cylinder, providing first for a gradual, 
then an increased and then a full flow of the fluid. 

13. In a device as described, a hydraulically 
locked valve including in combination a chamber 
forming structure having frangible sealing means 
at one end, said sealing means comprising a bar 
like structure with a weakened portion and a 
bleeding duct extending upwardly beyond the 
weakened structure, a movable valve means at 
the other end of the chamber structure, an abut 
ment means with an inter-engaging thrust device 
between the valve means and the abutment means 
and the abutment means whereby when the 
chamber is filled with a locking liquid, such liq 
luid is trapped between the valve means and the 
sealing means and the thrust device engaging 
the said abutment means, the thrust device being 
adapted to be subject to pressure and communi 
cate pressure to the said valve whereby when 
the frangible sealing means is broken the locked 
liquid may discharge through the bleeding duct 
permitting an inward movement of the said valve 
means thereby disengaging the thrust device from 
the abutment means. 

14. In a well tool, a well fluid sample retaining 
valve comprising in combination a lower tubular 
body structure having means for attachment to 
a string of drill pipe for lowering in a well and 
at its lower end being provided with an inlet 
means for well fluid, a tubular mandrel slidably 
and rotatably mounted in the said body structure 
and having a port, a first inter-engaging means 
between the mandrel and the body structure for 
lowering the body structure into a well with the 
body structure occupying a lowered position in 
regard to the mandrel, a valve forming means 
interconnecting between the mandrel and the 
inside of the body structure and having a Second 
port positioned out of alignment with the port 
of the mandrel when the mandrel and body struc 
ture are being lowered in the Well, the Said man 
drel being adapted to be lowered relative to the 
body structure when at the desired depth in the 
well to bring the said ports into alignment for 
upward flow of well fluid into and through the 
tubular mandrel, the said mandrel being adapted 
for partial rotation and to be moved upwardly 
relative to the said body and a Second inter-en 
gaging means between the mandrel and the body 
structure whereby on hoisting the mandrel up 
wardly in the well, the body structure occupies a 
second lowered position in reference to the man 
drel with the ports out of registry, thereby re 
taining the sample in and above the tubular 
mandrel. 

15. In a well tool, a re-circulating valve as 
sembly including in combination a lower tubular 
body structure having means for inflow of Well 
fluid at the bottom, a slidable tubular mandrel 
mounted therein, means for connecting the man 

drel to a string of drill pipe" for lowering into 
the well, a well fluid sample retaining valve hav 
ing an inter-acting valve means between the 
mandrel and the lower body for upward flow 
of well fluid and to retain the well fluid in the 5 
mandrel and thereabove, means for relatively 
moving the mandrel and the hollow body to 
Operate said valve to its open and closed position, 
a re-circulating tube connected to the lower part 
of the mandrel and communicating with the well 0. 
fluid inlet part of the body, a plug means fitted 
therein and having a ball with means to retain 
the ball and the plug from upward movement due 
to the pressure of the well fluid, the ball and the 
said plug being adapted to be forced downwardly lis 
On re-circulating slushing fluid downwardly 
through the tubular mandrel when the sample 
retaining valve is in its closed position and 
thereby adapted to again discharge in the Well. 
any sample retained and slushing fluid. 30 

16. In a well tool, an equalizing valve assembly 
including in combination a lower tubular body 
structure having means at the bottom for inlet 
of well fluid, a tubular mandrel slidable in the 
said body, a tubular by-pass mandrel connected 25 
to the lower end of the tubular mandrel, the hol 
low body having a bore in which the by-pass 
mandrel may slide longitudinally, a by-pass port 
extending from the outside of the said body to 
the said bore and having a ball fitted therein en- 0 
gaging the by-pass mandrel and a plug outside 
of the ball with a tubular nipple outside of the 
plug, means to retain the lower body structure 
at Substantially a fixed position in the well ad 
jacent the place for obtaining a sample, an op- 5 
erative means for obtaining the sample and re 
taining a sample of the well fluid, a packing 
means on the body structure between the by-pass 
port and the intake for well fluid at the lower 
part of the body, the said by-pass mandrel when 40 
in its lowered position retaining the ball and plug 
forming a seal for the by-pass port and when 
in its uppermost position removing the by-pass 
mandrel from engagement with the ball whereby 
the plug and ball may be forced inwardly into the is 
Said hollow body to permit an equalizing flow of 
fluid between a position in the well above and 
below the packer. 

17. In the art described, confining an incom 
pressible liquid, exerting a static pressure on the 50 
confined liquid by a well fluid, the incompressi 
bility of the liquid restraining the well fluid from 
flowing, releasing the liquid for slow discharge 
and positively forcing the discharge of the con 
fined liquid by pressure of the well fluid and iss 
after discharge of a predetermined amount of the 
liquid developing a free flow of the well fluid. 

18. In the art described in which tubing is 
lowered in a well to a well fluid comprising pro 
viding substantially atmospheric pressure in the 60 
tubing which is very much less than the pressure 
of the well fluid, confining an incompressible liq 
uid adjacent the lower end of the tubing, exerting 
a static pressure on the confined liquid by the 
well fiuid, the well fluid being prevented by the 
confined liquid from entering the tubing, releas 
ing the confined liquid for a slow displacement 
and positively displacing a predetermined amount 
of liquid due to the differential pressure of the to 
well fluid and the substantially atmospheric pres 
Sure in the tubing, the liquid being discharged 
into the tubing, flowing well fluid upwardly in 
the tubing by the action of pressure of the well 
formation on the Well fluid. 75 
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19. In the art described in which a confined 

body of incompressible liquid is lowered into a 
Well by a string of empty or substantially empty 
tubing, subjecting such liquid to a static pressure 
of a well fluid, utilizing Such liquid to restrain 
the upward flow of the Well fluid, releasing the, 
confined liquid to the substantially atmospheric 
pressure in the tubing causing a positive dis 
charge of the liquid by the greater excess press 

10 sure of the well fluid acting on the liquid, after 
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discharge of a predetermined quantity of liquid 
developing a substantially free and unobstructed 
flow of the well fluid into the tubing. 

20. In the art described and claimed in claim 
19, trapping the well fluid in the tubing to isolate 
the trapped fluid from the pressure in the well 
and elevating the trapped weli fiuid and the liq 
uid to the top of the well to obtain a sample of 
the Well fluid. 
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