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This invention pertains to the art of drilling a desired level through a desired depth interval, 

s and producing oil and gas. Wells, and relates more as shown at . , to extend obliquely or transversely 
particularly to a method and apparatus for drill- to the vertical, as shown at 6 in the drawing. 
ing, completing and producing wells, which extend Any field tested means, such as whipstocks, 
as a single well or borehole downwards from the .5 knuckle joints, etc., may be used to deflect the 
Surface. and branch underground into a plurality borehole. - . . . . . . 

: of boreholes transverse or oblique to each other, The lower or uncased portion of the borehole is 
each of said boreholes being auxiliary to all others logged by any desired methods, such as mechani 
in conveying to the Surface through the common cal or electrical coring, Side wall sampling, forma 
upper. Well bore the hydrocarbon fluid entering lotion testing, calipering, etc., and a junction zone, 
said branching boreholes from the formation. indicated at 3, is selected at a desired point below 
As driiling depths increase, and drilling prob- the cased portion of the well on the basis of the 

lems become correspondingly more serious, the logging data. The junction zone should prefer 
desirability of having a plurality of tributary ably be located either in a formation capable of 
branch boreholes feeding a single main well bore lá contributing hydrocarbon filuids to the well, such 

. 

becomes more and more apparent. as an upper producing layer, or in a formation of 
t is therefore an object of this invention to pro- low permeabilitiy, So that the entry at this point 

Wide a method and apparatus Whereby a Well haW- of undesirable fluids, such as water, be restricted 
ing a plurality of underground feeder boreholes to a minimum." he permeabilitiy of the forma 
branching off transversely to each other may be 20 tion at the junction zone can further be decreased, 
drilled, lined and produced by means of conven- if desired, by injecting into the formation certain 
tional tools and equipment normally used in drill- Sealing chemical or asphalt compounds or grouts, 
sing and production Work. such as disclosed for example in U. S. Patents 

It is also an object of this invention to provide 2,138,713.2,223,789, 2,169,458, 2,208,766, etc. It 
a method and apparatus for drilling wells having 25 may likewise be desirable to underream the por 
a greater capacity than wells of the standard or tion of the borehole extending through the junc 
single-borehole type, whereby wells may be: ad- tion Zone; 2S shown at 5, in preparation for sub 

i Wantageously drilled in formations having too low sequent cementing, and treating, as will be de 
r a yield for economical exploitation by conven- Scribed hereinbelow. . . . . . . . . . . 

tional means, . . . . . . "30 When the borehole 6 has been completed and 
. It is also a particular object of this invention conditioned, a liner string 9 is run thereinto, being 
to provide a method and apparatus involving the hung: from the casing by a hanger, diagrammati 

: use of gun-perforating technique for drilling and cally shown at 5 and provided, if desired, with 
Completing said multiple-borehole Wells in pro- packing means . In the case illustrated, which 
ductive zones or layers having a relatively small 35 ShoWS a procedure for obtaining a satisfactory 

- - - - vertical thickness. Cornpletion in a relatively narrow producing pro 
f These and other objects of this invention will be ducing ZOne or layer 2, it will often be desirable 

understood from the following description taken to cement in the liner 9 throughout its entire 
With reference to the attached drawings, wherein: length and Squeeze cement and/or treat the junc 

Figs. 1, 2, 3 and 4 diagrammatically show suc- - 40 tion Zone, then gun-perforate opposite the layer 
cessive stages in the drilling of a multiple bore 2, and test the production from the layer 2 to 
well embodying the present invention; determine Whether or not excessive amounts of 

Fig. 5 is a diagrammatic view in cross-section of gas or Water accompany the oil. If due to any 
a liner particularly suitable for use in practicing reason the produced fluidis are unsatisfactory, the 
the present invention. 45 sequence of Squeeze cementing, to close undesired 

Referring to Fig. 1, a single well or borehole O perforations, reperforating, and retesting, may be 
is drilled from the surface, and has its upper repeated until satisfactory production is devel 
portion lined With a casing string, for example a oped. However, depending pon the particular 
Water String 3, a casinghead being provided at types and thicknesses of producing Zones and cur 
the Surface. After cementing the string 3, and 50 rent good practice in securing satisfactory com 
drilling out the cement plug remaining Within said pletions therein, the liner string 9 may be either 
string, the drilling is continued to a desired ob- Open or closed at the bottom by a plug or shoe 
jective depth or level, for example through a pro- 23 of any desired type, such as a cementing shoe. 

: ducing zone or layer 21, the borehole being sunk Necessary steps are taken for providing the liner 
either vertically, or preferably being. deflected at 55 - 6 with perforations at desired levels, for example 
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with perforations 7 at the level of the junction 
Zone i3 and, except in the case of an open-bottom 
liner, With perforations 9 at the levei of the pro 
ducing Zone 2. 

For the purpose of this application, the term 
“providing with perforations' is intended to mean 
that the liner string is either made up. at the 
Surface and lowered into the Well in Such a man 
ner as to comprise perforated, slotted, or Wire 
Wrapped portions at the desired levels, for ex 
ample those corresponding to the zones 2 and 3, 
or said liner is made up and lowered into the Well 
as a blank string, and is perforated when in place 
by means of mechanical or gun perforators 
throughout the intervals of such Zones. 2. and 3. 

0. 

5 The portion 9A of liner 9, extending upwards from 
the bottom of the junction Zone, 3, as Well as the 
hanger 5, should be made removable or of drill 
able materials, comprising alumnun, magnesium, 
plastics, etc. 
With the liner 9 installed and cemented, if de 

sired, and the perforations 7 properly placed, the 
junction zone may be squeeze-cemented there 
through and/or otherwise treated to minimize 
the permeabilities of adjacent Strata. 

After testing and developing Satisfactory pro 
duction from the zone 2i through the liner, the 
well's production is killed by conventional meth 
ods, the liner 9 is cleaned out, and an auxiliary 
or inner liner 29 is run thereinto, being hung with 
in the outer liner 9 by means of a hanger 25, 
preferably provided With packer means in the 
same manner as hanger 5. The hanger 29 may, 
if desired, be anchored both against verticai and 
against rotational motion by means of slipS hav 
ing both vertical and horizontal teeth, Such as 
disclosed, for exampie, in U. S. Patent, 2,242,602. 
The liner 29 is run into the well in any desired 
manner, for example by attaching it, by means 
of a shear-pin 8, to the end of a drill or tubing. 
string , as is customary in running whipstocks 
and as indicated in dotted lines in Fig. 5. 
A preferred type of the inner liner 29 is shown 

in greater detail in Fig. 5 and may comprise an 
elongated tubular member closed at the bottom 
by a shoe or plug 28 and at the top by a transverse 
or slainting member 24, adapted to bridge the 
borehole along a curved surface transverse to its 
axis when the inner liner is installed in the outer 
liner as shown in Fig. 2. This bridging member 
is made of a drill-resisting material, such as steel, 
and has a convex upper face serving as a whipstock 
as indicated at 24A. The liner 29 is provided with 
perforations 27, to admit the formation fluids to 
the space within the liner. The bridging member 
24, and the upper end of liner 29 may be run into 

20 

25. 

35 

4. 
the outer liner 9, and its transverse face 24 has 
been properly oriented by means normally used 
for orienting whipstocks, such for example as 
described in U. S. Patent 1,806,509, a drill bit is 
lowered into the casing 3 and the upper drillable 
portion 9A of the outer liner 9 is drilled out or 
otherwise removed together with the hangar 5, 
shown in dottedlines in Fig. 2. Upon coming into 
contact with the oriented non-drillable whipstock 
member 24, the drill-bit is deflected and a second 
borehole 36, transverse to the first borehole 6, 
is drilled to a desired depth, for example, through 
the producing Zone 2. 

Referring to Fig. 3, if it is desired to limit the 
proposed well System to the two transverse bore 
*holes: 6 and -36, and to produce hydrocarbon 
materials only through these two boreholes, a liner 
39 similar to liner 9 is lowered and installed in 
the borehole 36, being hung from the casing by 
means of a hangar identical with hangar 5 de 
scribed with regard to Fig. i. 
The liner 39 may be provided with a bottom shoe 

or plug 43, and is likewise provided with perfora 
tions 3 at the level of the producing zone 2. 
Following the same procedure as for liner 9, the 
liner.39 may be cemented and treated. for pro 
duction. Subsequent to satisfactory testing, the 
holes 44 in the liner 39 and the holes 26 in the 
plate 24, which is substantially in abutment there 
With, are perforated...as by use of gun perforating 
equipment oriented into position: opposite. the 
plate 24. . . 

... If, however, it is contemplated to provide the 
present well system with more than two trans 
verse or branch boreholes 6 and 36, the borehole 
36, before the installation therein of the liner 39, 
is logged and a second junction zone 33 is selected 
-and underreamed in the manner already described 
with regard to borehole 6. w 
The liner. 39 is in Such cases provided with 

further perforations 4 at the level of the second 
junction Zone, and said Zone is chemically treated 

45 
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the hole with perforations such as shown at 26 
in Fig. 5, or the bridging member and the upper 
end of liner 29 may be free of such perforations, 
in which case the bridging member is run in as 
a blind plate as in the case illustrated in Fig. 2, 
the blind plate being perforated later as herein 
after described. The inner iner 29 in its final 

60 

form thus forms an elongated capsule member 
which is completely enclosed except for the per 
forations through which the well fluids are ad 
mitted thereto from the formation and delivered 
to the upper portion O of the borehole. It is how 
ever understood that in some cases a liner with 
an ordinary upper opening may be used instead 
of the liner 29 shown in Fig. 2, its upper end being 
bridged after installation in the borehole by means 
of a whipstock-shaped closure which can be per 
forated or removed. 
After the innerliner 29 has been installed within 

is 65 
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ready described herein above. 

and/or cemented in a manner also similar to 
that already described. - 

After completing the setting and testing . of 
liner 39, an inner liner 59, similar to liner 29, is 
installed within the outer liner 39, and a third 
transverse borehole 56, shown in Fig. 4; is drilled 
by guiding a drill-bit past the transverse whip 
stock face 54 of the inner liner 59. A liner 69 is 
then lowered into the borehole 55 and is installed 
and cemented therein, likewise in a manner al 

These operations 
may be repeated any desired number of times to 
'give a Well System having a single opening extend 
ing into the ground and branching underground 
into any desired number of auxiliary boreholes 
transverse to each other. 

ASSunning, however, that it is intended to limit 
the Well system of Fig. 4 to the three transverse 
boreholes shown therein, the liner 69, extending 
into the last drilled borehole 56, may be suspended 
from the casing 3 by the customary hanger and 
packer, means 5 and 7, and is provided with per 
forations 67 at the level of the production zone 2, 
and with a set of perforations, such as shown at 
,64 and 64A, at the level of each junction zone, 
Said perforations being in effective register and 
providing for fluid communication with the mouth 
of each of the other transverse boreholes. In the 
:case illustrated, the perforations 64 and 64A, and 
scooperating perforations in the bridging plates of 
liners 59 and 29, may be made, after testing pro 
duction from the lower end of liner 67, by gun 
perforating..... . . . ' '. . . . . . . . . . . . w- ... we 
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If desired, a coventional inner liner, not shown, 
may be provided for the final liner 69 preferably 
not extending above the lowest junction Zone. 

After completion of the liner system, the cus 
tomary tubing equipment may be lowered into the 
well, and hydrocarbon materials are produced 
from the well through proper connections in 
stalled at the casinghead . 

It is obvious that the liners 9, 29, 39, 59 and 69 
do not necessarily have to extend to the bottom 
of their respective transverse boreholes. Instead, 
short or partial liners, extending only part of the 
way from the junction zones to the producing 
Zone, may be used, the lower portion of any or 
all of Said boreholes forming in such case an 
open hole. It is obvious also the lower ends of 
inner liners such as 59 and 29 may be eliminated. 

Further, it is obvious that by using suitable 
tubing and packer equipment in combination with 
the liner System of the present invention, all de 
sired production and exploitation operations ap 
plicable to conventional wells, such as gas or 
liquid injection for purposes of pressure main 
tenance or secondary recovery, separate or com 
bined multiple zone production, etc., may like 
Wise be carried out in the well systems of the 
present invention. The usual methods of gravel 
packing are also adaptable to use with the method 
and apparatus for drilling and producing wells 
herewith described. 

I claim as my invention: 
1. The process of drilling a well, comprising the 

steps of drilling a single borehole from the surface 
to a desired depth, providing the lower portion 
of the borehole with a tubular lining, bridging the 
lined portion of the borehole along a surface 
transverse to the axis thereof, guiding a drillbit 
past the transverse bridging surface, thereby de 
flecting the bit and drilling a second borehole 
transversely to the first borehole, providing the 
second borehole with a second tubular lining ex 
tending above the point of junction of the two 
boreholes, and establishing fluid communication 
between the two boreholes by providing both the 

() 
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second tubular lining and the bridging surface 4 

6 
With perforations at the point of junction of the 
two boreholes. 

2. For use in a Well having a casing set in its 
upper portion and a plurality of feeder boreholes 
branching therebelow transversely to each other, 
a liner system comprising a first liner member 
positioned in a feeder borehole opening to the 
well below the lower end of said casing, said liner 
having openings at its lower end for admitting 
formation fluids thereinto, a perforated whipstock 
element closing the upper end of the liner member 
along a surface transverse to the axis of the liner 
member, means anchoring said liner member in 
the feeder borehole With said perforated whipstock 
element Substantially aligned with the Walls of 
the well to form a deflecting surface masking the 
mouth of the feeder borehole at its junction with 
the well, a second liner member positioned in the 
Well With an intermediate tubular portion thereof 
Substantially in abutment with the perforated 
whipstock element of the first liner, said second 
liner member having openings at its iower end 
for admitting formation fluids thereinto, means 
anchoring the upper end of the second liner mem 
ber to the lower end of the casing, and radial 
perforations in the intermediate tubular portion 
of the second liner member substantially in reg 
ister with the perforated Whipstock element of the 
first liner member whereby formation fluids en 
tering the first liner member are delivered to the 
surface through the casing together with the 
formation fluids entering the second liner member. 

WALTON E. GLBERT. 
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