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1. 

3,249,124 
BOREHOLE APPARATUS VALVES 

William O. Berryman, Houston, Tex., assignor to Schlum 
berger Well Surveying Corporation, Houston, Tex., a 
corporation of Texas 

Filed June 14, 1963, Ser. No. 287,980 
5 Claims. (Cl. 137-629) 

This invention relates to valves in borehole apparatus 
and, more particularly, to full-opening, selectively-oper 
ated valves. 

In a number of borehole operations, it is desirable to 
lower a drill string into a well bore in a "dry' condition 
where the lower end of the drill string is closed off from 
the mud or well bore fluid. In some of these operations, 
for example in a drill stem test, a packer is at the lower 
end of the tubing string and in addition to running the 
drill string dry, it is desirable, after the packer is set, 
to have a full-opening passageway for squeezing opera 
tions. In another use, a full-opening passageway is de 
sirable to shock formations prior to completion or permit 
the running of completion tools through the drill string 
and packer. 

For full-opening passages, full-opening valves have 
been developed. However, such valves normally require 
a removable center section or are difficult to open because 
of the high-differential pressure holding them closed. 

Accordingly, it is an object of the present invention to 
provide a new and improved full-opening valve with 
means for pressure balancing before opening to facilitate 
operation of the valve. 

Apparatus in accordance with the present invention 
includes in a drill string, telescopically-mounted inner and 
outer tubular assemblies movable between spaced longi 
tudinal positions, a normally-closed flap valve in the 
assemblies, and normally-closed bypass valve means in 
the assemblies operable when the assemblies are inter 
mediate of their longitudinal positions to bypass the flap 
valve permitting pressure equalization across the valve 
before it is open. 
The novel features of the present invention are set 

forth with particularity in the appended claims. The 
present invention, both as to its organization and manner 
of operation together with further objects and advantages 
thereof, may best be understood by way of illustration 
and example of certain embodiments when taken in con 
junction with the accompanying drawings in which: 

FIG. 1 is a view of apparatus embodying the present 
invention and disposed in a well bore; 

FIG. 2 is a view in longitudinal cross-section taken 
along line 2-2 of FIG. 3 and illustrating apparatus em 
bodying the present invention with the tubular assemblies 
disposed in an extended position; 

FIG. 3 is a view in horizontal cross-section taken 
along line 3-3 of FIG. 1; 
FIG. 4 is a view similar to FIG. 2 but taken along 

line 4-4 of FIG. 3 showing the tubular assemblies in an 
intermediate position; and 

FIG. 5 is a view similar to FIG. 2 but taken along 
line 5-5 of FIG. 3 and showing the tubular assemblies in 
a contracted position. 

Referring now to the drawings, in FIG. 1 apparatus 
12 embodying the present invention is coupled to a con 
ventional well tool apparatus 13 which, for example, 
may be a full-opening drill stem testing tool 13 having a 
packer 13a. Apparatus 13 is full-opening, that is, it has 
a large diametrical size, say about 2', to accommodate 
Small-sized tools for passage therethrough. Packer 13a 
can, of course, be set in the casing 14 in a customary 
aC. 
Referring now to FIG. 2 of the drawings, the apparatus 
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2 
12 of the present invention includes telescopically 
mounted inner and outer generally tubular mandrel as 
semblies 20 and 21, the inner mandrel assembly 20 having 
a central, full-opening bore 22 substantially the same size 
as the bore of a pipe string. The upper end of the inner 
mandrel assembly 20 is arranged for coupling to a pipe 
string (not shown) while the outer mandrel assembly 21 
is arranged for connection to a well tool 13 which in 
cludes a packer assembly 13a (FIG. 1). It should be 
appreciated for purposes of the present invention that a 
variety of anchor means might be used with assembly 21. 
The inner and outer mandrel assemblies 20, 21 are 

keyed or interconnected for selective telescopic operation 
between extended, intermediate and collapsed positions 
by a J-slot 23 and pin 24 on the respective assemblies. 
This interconnection also includes outwardly-extending 
splines 25 (FIG. 3) on the inner mandrel assembly 20 
which are received in an annular recess 26 in the outer 
mandrel assembly and inwardly-extending splines 27 on 
the outer mandrel assembly 21. In the position of pin 24 
in slot 23 as shown in FIGS. 1 and 2, splines 25 and 27 
abut. As will hereinafter become more apparent, splines 
25 may be moved relative to splines 27 between upper 
and Iower shoulders 28 and 29 in the outer mandrel 
assembly 21. 
As shown particularly in FIG. 1, the J-slot 23 has 

a somewhat S-shape with upper, intermediate and lower 
horizontally offset locking slots 30, 31, 32 which permits 
the mandrel assemblies 20, 21 to be locked in upper and 
lower positions, and longitudinal or vertical connecting 
slots 30a, 31a permitting travel of the pin 24 between 
offset slots 30, 31 and 32. When the pin 24 is located 
in longitudinal slot 30a, splines 25 and 27 are arranged 
to mesh. 
Near the lower end of the outer mandrel assembly 21 

is a full-opening valve 33 including a flap valve member 
34 pivotally mounted at 35 and provided with a closing 
spring 36. Spring 36 is arranged to normally seat the 
flap valve member 34 on an annular valve seat 37 in the 
outer mandrel assembly 21. Fluid under pressure within 
the interior 38 of the lower end of the outer mandrel 
assembly 21 will retain the flap valve member 34 in a 
closed position on the valve seat 37. When the mandrel 
assemblies 20, 21 are moved to a collapsed position, an 
end surface 39 (FIG. 2) on the inner mandrel assembly 
20 engages the valve member 34 and forces it to a fully 
open position as shown in FIG. 5. 

In the present invention, there are provided valve 
means to balance the pressure across the valve 33 prior 
to its opening. Such balancing means include longi 
tudinally-extending passageways 40 in the wall of the 
outer mandrel assembly 21 which passageways are cir 
cumferentially spaced about the valve member 34. The 
passageways 40 extend between the interior 38 of the 
outer mandrel assembly 21 below the full-opening valve 
and an internal annular chamber 41 primarily formed 
between inner and outer walls of concentrically-arranged 
inner and outer tubular parts 42 and 43 of the outer 
mandrel assembly 21. Chamber 41 opens to a bore 
44 in the outer mandrel assembly by means of at least 
one port 45 in the inner tubular part 42 of the outer 
mandrel assembly. To provide fiuid communication be 
tween the chamber 41 and the bore 22 of the inner man 
drel assembly 20, the inner mandrel assembly is provided 
with at least one port 46. The index pin 24, the port 
46 and the lower end 39 of the inner mandrel assembly 
20 have fixed spacing relative to a fixed spacing of the 
J-slot 23, port 45 and valve member 34 of the outer 
mandrel assembly 20 so that: 

(a) In an extended telescopic position of the mandrel 
assemblies, the ports 45 and 46 are longitudinally dis 
placed; and 
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(b) In an intermediate telescopic position of the man 
drel assemblies 20, 25, the ports 45, 46 are in register 
with one another for fluid communication, the spacing 
between the port 45 of the inner mandrel assembly and 
the valve member 34 being such that the flap valve mem 
ber 34 is not opened; and 

(c) In a collapsed telescopic position, the valve 33 
is fully opened. 

O-ring seals such as identified by numeral 47 are pro 
vided in a conventional manner to prevent fluid leakage 
where necessary, and in particular, the annular chamber 
41 is sealed by O-rings 48, 49 so that fluid flow through 
the annular chamber 41 is only through the passageways 
40 and port 45 in the outer mandrel assembly. O-rings 
50, 51, 52 are also provided above and below ports 45, 
46 between the inner and outer mandrel assemblies 20, 
21 to close off the ports 46 in the inner mandrel as 
sembly from the displaced port 45 in the outer mandrel 
assembly in the extended telescopic position of the man 
dre assemblies. 

Inner mandrel assembly 20 is also provided with an 
annular piston element 53 which is slidably and sealingly 
received within a bore 54 of the outer mandrel assembly. 
A port 55 is located in the upper mandrel assembly above 
the piston. A port 56 is also located in the outer man 
drel assembly at the lower end of the bore 54 below the 
piston. The piston 53 thus provides pressure compen 
Sating for the tool to permit telescopic movement when 
the interior of the tool is at atmospheric pressure and 
the exterior of the tool is subject to high hydrostatic 
pressure. 

In operation, the apparatus of the present invention 
is connected in a tubing string between a length of pipe 
string and, for example, a packer and initially is in its 
extended telescopic position as shown in FIG. 2 where 
Splines 25 and 27 are abutting. In this extended position 
while going into a well bore, the flap valve member 34 
is closed on seat 37 so that fluid in the interior 38 of 
the lower mandrel assembly 21 is prevented from com 
municating with the interior of tubing string above the 
full-opening valve. The interior of tubing string above 
the full-opening valve, therefore, may be either dry 
(empty) or loaded with a desired amount of selected 
fluid, such as water or a treating fluid. 
At a level where operation of the full-opening valve 

is desired, the telescopic mandrel assemblies are moved 
relative to one another. This may be done, for example, 
by setting the packer 13, or in the case of an anchor or 
like, securing the outer mandrel assembly 21 relative to 
the well bore in such a manner that the tubing string 
and attached inner mandrel assembly may be moved 
relative to the outer mandrel assembly. The tubing 
string is picked up slightly and rotated clockwise so that 
the indexing pin 24 is aligned with the longitudinal slot 
30a of the J-slot 23 (splines 25, 27 being aligned to 
mesh) and lowered. As the tubing string is lowered, the 
mandrel assemblies are brought to an intermediate posi 
tion where ports 46 in the inner mandrel assembly 20 
are placed into fluid communication with the ports 45 
in the outer mandrel assembly as shown in FIG. 4. 
Hence, fluid from below the flap valve member 34 is 
placed in communication with the interior of the inner 
mandrel assembly 20 via passageways 40 and chamber 
41 so that the pressure across the flap valve member 
34 is equalized. If a considerable pressure is to be 
equalized, the tubing string will be halted in the inter 
mediate position until such a pressure equalization is 
obtained. Thereafter, the tubing string is again lowered 
to its lowermost position as shown in FIG. 5 so that the 
telescopic assemblies are in a collapsed telescopic posi 
tion, the lower end 39 of the inner mandrel assembly 
opening the flap valve member 34 and seating in an an 
nular, shouldered recess 57 (FIG. 4) in the outer man 
drel assembly. 
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4 
While a particular embodiment of the present inven 

tion has been shown and described, it is apparent that 
changes and modifications may be made without depart 
ing from this invention in its broader aspects and, there 
fore, the aim in the appended claims is to cover all such 
changes and modifications as fall within the true spirit 
and scope of this invention. - 
What is claimed is: 
1. A full-opening valve foruse in a well bore compris 

ing: telescopically-mounted, inner and outer tubular man 
drel assemblies relatively movable between extended and 
collapsed positions; flap valve means in said outer mandrel 
assembly normally closed when said assemblies are in an 
extended position; means on said inner mandrel assembly 
for opening said flap valve means when said assemblies 
are in a collapsed position; and bypass means around said 
flap valve means including a fluid passageway in said 
outer mandrel between the interior of said inner and outer 
mandrel assemblies, and valve means between said assem 
blies for opening and closing said fluid passageway, said 
valve means being responsive to the positioning of said 
mandrel assemblies in an extended position to close said 
fluid passageway and responsive to the positioning of said 
mandrel assemblies in an intermediate position to open 
said valve means thereby permitting pressure balancing 
between the interior of said inner and outer mandrel as 
semblies to either side of said flap valve means before 
said flap valve means is opened. 

2. A full-opening valve for use in a well bore compris 
ing: telescopically-mounted, inner and outer tubular man 
drel assemblies movable between spaced longitudinal posi 
tions and respectively arranged for coupling in a string of 
pipe; said outer mandrel assembly having a valve seat and 
spring-biased flap valve member normally seated in said 
valve seat when said assemblies are in one of said longi 
tudinal positions, said inner mandrel assembly having 
means operative to displace said flap valve member from 
said valve seat when said assemblies are moved to the 
other longitudinal position; fluid bypass means formed in 
said assemblies separate from said flap valve member and 
extending between the interior of said inner and outer 
mandrel assemblies, said mandrel assemblies having 
spaced sealing elements therebetween preventing flow 
through said bypass means when said assemblies are in 
said one longitudinal position, said sealing elements being 
displaced when said assemblies are intermediate said longi 
tudinal positions for opening said bypass means and plac 
ing the interior of said inner and outer mandrel assembly 
in fluid communication thereby permitting pressure bal 
ancing of the interior of said inner and outer mandrel 
assemblies before said flap valve member is displaced. 

3. A full-opening valve foruse in a wellbore compris 
ing: telescopically-coupled inner and outer tubular man 
drel assemblies movable between extended, intermediate 
and collapsed positions and respectively arranged for 
coupling in a string of pipe; said outer mandrel assembly 
having a valve seat, a pivotally mounted flap valve mem 
ber arranged to seat in said valve seat, and spring means 
normally to seat said flap valve member in said valve seat 
when said assemblies are in an extended position, said 
inner mandrel assembly having a downward extension 
operative to displace said flap valve member from said 
valve seat when said assemblies are moved to a collapsed 
position; fluid bypass means separate from said flap valve 
member and including a passageway and openings in said 
assemblies to provide a fluid communication path between 
the interior of said inner and outer mandrel assemblies 
around said flap valve; and sealing means in said assem 
blies arranged to prevent fluid communication through 
said bypass means when said assemblies are in an extended 
position and arranged to permit fluid communication 
through Said bypass means when said assemblies are inter 
mediate of said extended and collapsed position prior to 
displacement of said flap valve member thereby permitting 
pressure balancing of the interior of said inner and outer 
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mandrel assemblies before said flap valve member is 
displaced. 

4. A full-opening valve foruse in a well bore compris 
ing: telescopically-coupled, inner and outer tubular man 
drel assemblies movable between extended, intermediate 
and collapsed positions, and respectively arranged for 
coupling in a string of pipe; said outer mandrel assembly 
having a valve seat, a pivotally-mounted flap valve mem 
ber arranged to seat in said valve seat, and spring means 
normally to seat said flap valve member in said valve seat 
when said assemblies are in an extended position; said 
inner mandrel assembly having a lower end operative to 
open said flap valve when said assemblies are moved to 
a collapsed position; a bypass passageway in Said outer 
mandrel assembly extending between the interior of said 
outer mandrel assembly below said flap valve to an open 
ing above said flap valve, said inner mandrel assembly 
having an opening in its wall normally longitudinally dis 
placed from said outer mandrel assembly opening when 
said assemblies are in an extended position, sealing means 
between said inner and outer mandrel assemblies to pre 
vent fluid communication between said assembly openings 
in said extended position, said openings being arranged to 
be placed in fluid communication with one another when 
said assemblies are intermediate of said extended and col 
lapsed positions prior to the opening of said flap valve 
thereby permitting pressure balancing of the interior of 
said inner and outer mandrel assemblies before said flap 
valve is opened. 

5. A full-opening valve foruse in a well bore compris 
ing: telescopically-mounted, inner and outer tubular man 
drel assemblies movable between spaced longitudinal posi 
tions and respectively arranged for coupling in a string of 
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pipe; indexing means for guiding movement of said man 
drel assemblies between said positions; pressure-compen 
sating means for permitting relative movement when the 
interior of said assemblies is at a low pressure relative to 
the pressure to the exterior of said assemblies, said outer 
mandrel assembly having a valve seat and a flap valve 
member arranged normally to seat in a valve seat when 
said assemblies are in one of said longitudinal positions, 
said inner mandrel assembly having an extension opera 
tive to displace said flap valve member from said valve 
seat when said assemblies are moved to the other longi 
tudinal position; bypass means formed in said assemblies 
extending between the interior of said inner and outer 
mandrel assemblies including ports in said assemblies, 
Sealing means on said assemblies arranged to seal off said 
ports from one another when said assemblies are in said 
one longitudinal position, said sealing means being dis 
placed when said assemblies are intermediate said longi 
tudinal positions for placing said ports of said inner and 
outer mandrel assembly in fluid communication thereby 
permitting pressure balancing of the interior of said 
inner and outer mandrel assemblies before said flap valve 
member is displaced. 
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