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This invention relates to well completion, and in its 
more specific aspects, to apparatus for controlled pro 
duction of hydrocarbons from a plurality of hydro 
carbon-bearing productive formations simultaneously 
through a pair of tubing strings. 

In well completion as envisioned by this invention, a 
single wellbore is drilled through a plurality of vertically 
spaced hydrocarbon-bearing productive formations which 
are separated by relatively impermeable, non-productive 
formations. When desired, casing may be cemented in 
the borehole by conventional methods. A pair of tubing 
strings are arranged in the borehole extending from the 
surface and passing through »a plurality of hydrocarbon 
bearing productive formations. When casing is used, ver 
tically spaced apart packing members are arranged in 
the casing annulus to isolate each hydrocarbon-bearing 
productive formation from the others. A mandrel, hav 
ing an open tubing bore adapted for fiuid communica 
tion with the bore of one of the tubing strings, upon 
connection thereinto, is located in the proximity of an 
lisolated hydrocarbon-bearing productive formation, and 
is provided with a suitable inlet for establishing com 
munication therewith. Hydrocarbon fluids from the pro 
ductive formation are allowed to pass into and through 
the mandrel and through the tubing strings to the sur 
face. In one embodiment, the mandrel is provided with 
an inlet chamber with inlet communication with an iso 
lated hydrocarbon-bearing productive formation. A flow 
regulating device positioned at the outlet of the inlet 
chamber controls the flow of fluids from the productive 
formation through the mandrel. A bypass is provided 
around that section of the open tubing bore adjacent 
the inlet chamber for bypassing production fluids from 
other formations. 
A ñowmeter, which is adapted to be lowered in the 

said one of the tubing strings is retrievably arranged in 
the man-drei. This fiowmeter is provided with an inlet 
and gas and liquid outlets, and first and second spaced 
apart packers are located above and below the inlet, 
thereby providing a fluid-tight seal to prevent passage 
of fluids from other hydrocarbon-bearing productive for 
mations through the ñowmeter, while directing fluids 
from the adjacent isolated productive formation through 
the ñowmeter. 
When the mandrel is interposed in the said one of 

the tubing strings adjacent a productive formation and 
a ñowmeter is arranged >in the 'mandrel as explained 
above, fluids from the productive formation enter the 
mandrel through the flow regulating device and pass 
through the flowmeter on the way to the surface. Means 
is provided for receiving and recording the signals trans 
mitted from the flowmeter to the surface. It is important 
that fluids from other productive formations are sepa 

- rably directed through the bypass and past the flowmeter 
such that these fluids do not enter the flowmeter. Where 
it is desired to meter another hydrocarbon-bearing pro 
ductive formation, the flowmeter is raised or lowered 
in the tubing string by such means as a Wire line, and 
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the flowmeter is positioned in another mandrel located 
adjacent an isolated hydrocarbon-bearing productive for 
mation. Fluids from that formation, upon being lifted 
to the surface through the tubing strings, are metered 
through the flowmeter. 

In the copending, coassigned application for patent for 
a Well Completion Apparatus, Ser. No. 190,620, filed 
on Apr. 27, 1962, now U.S. Patent No. 3,224,267, by 
Messrs. Don L. Harlan and Laurence M. Hubby, there 
is disclosed an apparatus for flowing wells initially and 
for later artificial lift by means of the gas lift method 
for use in wells with casing so that the casing-tubing an 
nulus provides a channel for the power gas for the gas 
lift operation, which would require a higher formation 
pressure. The present invention differs thereover by be 
ing applicable specifically for use with a beam pumping 
system and to permit full depletion of low pressure res 
ervoir by operating with only atmospheric pressure on 
the producing formation. Hence the ultimate recovery 
will be greater. Further, the apparatus is applicable par 
ticularly to open hole, tubingless completions, although 
it is possible to use the apparatus in that part of the 
wellbore which may have casing installed. 
The present invention will be understood best by refer 

ring to the following detailed specification and to the 
accompanying drawing, wherein: 
FIGURE 1 shows an arrangement of the apparatus of 

the present invention in a borehole; and 
FIGURE 2 is a sectional view showing in greater de 

tail the mandrel used with the invention. 
Referring to the figures of the drawing, numeral 10 

designates a wellbore drilled from the earth’s surface, 
wherein casing 12 has been cemented in place with ce 
ment 14. As shown in FIGURE l, the well bore pene 
trates a plurality of vertically spaced apart hydrocarbon 
bearing productive formations as designated by the let 
ters A, B and C, which are separated by non-produc 
tive formations designated by the letters D, E, F and G. 
Tubing strings 18 and 20` positioned in borehole 10 and 
extend vertically from the well head (not shown). In 
that part of the borehole having the casing, vertically 
spaced apart packing members 22 supported by the tub 
ing strings are arranged in the casing to isolate a hydro 
carbon-bearing productive formation, suitably for perfo 
ration. In the open hole part of the borehole, the ends 
of the tubing strings are joined together by tubing with 
a U configuration at 19, and are cemented in place by 
cement 14a. In some circumstances it may be feasible 
to have the tubing strings end in a sump at the bottom 
of the borehole (not shown). 
For each productive formation, a mandrel, indicated 

generally .at 24, is interconnected into tubing string (or ' 
inlet tubing) 18 in the proximity of the formation. Man 
drel 24 is provided with a full open tubing bore 25 which 
is substantially coaxial with the bore of tubing string 18 
and is adapted for fluid communication therewith. The 
connecting ends of mandrels 24 and tubing string 18 are 
joined by couplings 26. An outwardly extending deforma 
tion or inlet chamber 28 in the wall of mandrel 24 is posi 
tioned so that the inlet chamber extends for a length less 
than the entire length of the mandrel, and has its lon 
gitudinal axis eccentrically disposed with relation to the 
longitudinal axis of the tubing bore 25 of t-he mandrel. It 
should be understood that the cross-section of the inlet 
chamber may be substantially elliptical or circular. inlets 
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Ato the chamber 28 are provided at the time of perforation 
of the productive formation as will be described later. A 
wire line retrievable choke 32, which desirably is adjust 
able, is positioned at the outlet 30 of the inlet chamber 28 
for regulating the flow of fluids from the adjacent produc 
tive formation and for allowing communication between 
the isolated -productive formation and the mandrel 24. 
A retrievable sub-surface ñowrneter 36 having `inlet 

ports at 38 and gas outlet ports at 40 and liquid outlet 
ports at 42 is positioned in the bore 25 of mandrel 24 in 
the proximity of inlet chamber 28 by appropriate record 
ing and supporting means (not shown) to the surface. 
First and second vertically spaced apart packers 46 and 
48 are mounted on the flowmeter 36 and positioned Within 
the bore 25 of the mandrel to isolate the inlet ports from 
the outlet ports. Mandrel 24 is provided with a by-pass 
conduit 49, which is open to bore 25 at opposite sides of 
packers 46 and 48 for separably ydirecting ñuids from other 
productive formations past the flowmeter. 

In operation,.after the production mandrels 24 have 
been interconnected properly into tubing string or inlet 
tubing 18 so as to ‘be adjacent the hydrocarbon bearing 
productive formations, and these formations isolated 
either by appropriate packers or by cement, the productive 
formations, are perforated as indicated at 16, FIG. 2 by a 
perforator lowered into position into bore 25 of mandrel 
24. Perforations are made through the wall of the inlet 
tubing and the outer wall of the inlet chamber facing the 
productive formation and extending thereinto. The holes 
in the inlet tubing are sealed by insertion of an expansible 
sleeve 25a, and the perforations 16 have inlet communica 
tion with the inlet chamber 28 at the holes 28a in the outer 
wall of the inlet chamber. After positioning of the expan 
sible sleeve 25a preventing direct communication between 
the productive formation and the bore 25 of the mandrel 
24, the sub-surface flowrneter 36 is lowered into the tubing 
string 18 and positioned in the mandrel 24 adjacenty the 
inlet chamber 28. The packers 46 and 48 mounted on the 
fiowmeter are set to form a fluid-tight seal within the bore 
25 thereby preventing passage of fluids from other hydro 
carbon productive formations through the flowmeter. 
Fluids from each productive formation adjacent each 
mandrel are admitted to the mandrel via the holes 28a 
into the inlet chamber 28 to the choke 32 at the outlet 
of the inlet chamber. The ñuids enter the ñowmeter 
through the inlet ports 38 and pass upwardly, if gas, 
through outlets 40 and downwardly, if liquid, through 
outlets 42 out of the ñowmeter and commingle with pro 
duction ñuids previously metered thro-ugh other man 
drels adjacent other productive formations. The arrows 
in FIGURE 2 indicate the directions of flow. Upon pas 
sage of the fluids through the flowmeter, appropirate 
signals from the ñowmeter are transmitted to the surface 
for recording, e.g. rate of ñow, gas to oil ratio, basic 
sediment and water, volume, gravity and temperature. 
The gas produced and metered from each productive 

formation is commingled in the inlet tubing 18 above each 
mandrel with that gas -produced from lower productive 
formations and is collected at the surface by known means 
(not shown), while the liquids prod-uced and metered from 
each productive formation are commingled in the inlet 
tubing 18 below each mandrel with those liquids produced 
from upper productive formations and collected at the 
U-shaped connection 19 between inlet tubing 18 and the 
tubing string or pump tubing 20, or alternatively in a 
sump (not shown), into which the inlet and pump tubings 
extend. The collected production ñuids are then lifted to 
the surface by pumping through the pump tubing by 
pump 50 operated by known means e.g. a pumping beam 
with pump rods 51, showing partially in FIG. l. Although 
gas lifting of the collected production fiuids is possible in 
the manner disclosed in the above cited copending, coas 
signed application .for patent, the disclosed pumping sys 
tem provides for full depletion of low pressure reservoirs 
as noted previously, which is not possible with the pres 
surized gas lift method. 
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It will be observed that the disclosed apparatus for use 
in well completion provides a number of advantages. The 
wellbore, both cased and open, passes through a plurality 
of hydrocarbon-bearing productive formations, and con 
sequently any number of these productive formations can 
be produced simultaneously. This facilitates drilling oper 
ations, and eliminates additional equipment and materials 
thereby rendering the operation more economical. Flow 
of fluids »from each productive formation can be regu 
lated or controlled individually, or completely shut-in, by 
adjusting or changing the choke positioned yin each man 
drel. Fluids from each formation can be metered individ 
ually and separately by means of the sub-surface ñow 
meter. In addition, the tubingless completions in open 
boreholes result in lower costs, the inlet tubing providing 
for the collection of production fluids'with the ability to 
test individual productivey formations and the pump tubing 
providing the pumping of the production fluids. 

Other modifications and variations of the invention, as 
hereinbefore set forth, may be made without departing 
from the spirit and scope thereof, and therefore, only such 
limitations should be imposed as are indicated in the ap 
pended claims. 

I claim: 
, 1. Well completion apparatus for use in multiple zone 
completion using a pair of tubing strings in a wellbore 
penetrating a plurality of vertically spaced, hydrocarbon 
bearing productive formations separated by relatively im 
permeable, non-productive formations comprising, 

a first means for isolating said formations from each 
other, 

a second means for providing sequential communication 
between each of the hydrocarbon-bearing productive 
formations with each other, said secondmeans sup 
porting saidl ñrst means, 

a third means for controlling the individual flow of 
production fluids into said tubing string from each 
hydrocarbon-bearing productive formation and sup 
ported by said second means, and 

a fourth means for lifting production fluids to the sur 
face above said formations, 

said first means comprising sealing means between said 
pair of tubing strings and said wellbore, 

said second means comprising a divided chamber-like 
structure interconnected into one of said pair of tub 
ing strings with one chamber therein having open 
communication with a hydrocarbon-bearing produc 
tive formation separated by non-productive forma 
tions and a second chamber therein for bypassing 
production fluid in said one of said pair of tubing 
strings around said third means, 

said third means comprising an adjustable choke having 
inlet communication with the isolated hydrocarbon 
bearing productive formation, and a flowmeter hav 
ing spaced means thereon positioned in` said tubing 
string to provide inlet communication with respect to 
said choke and outlet communication with respect to 
said one of said tubing strings and to prevent inlet 
flow of hydrocarbons therein into and through said 
flowmeter, 

said fourth means comprising means for lifting produc 
tion fluids to the surface via the second of said pair 
of tubing strings. 

Z. In a well completion apparatus as defined in claim 1, 
said first means including packing members vertically 
spaced apart in said wellbore providing a sealed off sec 
tion in the annulus between said wellbore land said tubing 
strings to isolate at least one of said hydrocarbon-bearing 
productive formations from others of said formations, 

said tlowmeter being adapted to be lowered into said 
one of said pair of tubing strings and positioned in 
said mandrel, and 

said fourth means comprising a pump housed in said 
second of said pair of tubing strings. 

3. In a well completion apparatus as defined in claim 1, 
said first means comprising cement positioned in said 
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wellbore wherein said pair of tubing strings are embedded, 
said pair of tubing strings being interconnected at their 
downhole terminals, 

said second means having open communication with 
said hydrocarbon-bearing production formations 
through perforations extending through said cement, 

said ñowmeter of said third means having separate gas 
and liquid outlets, and 

said fourth means comprising a pump housed in said 
second of said pair of tubing strings. 
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