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Schematic diagram showing installation of Otis 

"Dual flow choke assembly" for dual zone 

downhole commingling. 
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This new type 
dual completion 

reduces costs, 
boosts recovery 

Unique wireline retrievable 

tool permits commingling of production 

downhole/ accurate determination of con-

trtbutlon from each zone 

By J. W . Hodges, Administrative Engineer, 

Sun Oil Company, Beaumont, Texas 

Upper Zone Choke 
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Flow Poth 
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Flow Poth"" 
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Flow Coupling 
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-Cosing 
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Type "S" Side-Door Nipple' 
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Upper Sleeve Check Valve 

Outer Assembly 
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Equalizing Valve 

Blast Joint 
1-Upper Perforations 

Production Packer 

Lower Perforations 

FIGURE 1—Schematic drawing shows how new multiple 
completion wireline tool works. Note that production is effec
tively separated until commingled above chokes. 

Sun Oi l Company has developed 
and is currently using a new wireline 
multiple completion tool to produce 
two separate reservoirs simultaneously 
through a single tubing string. The 
multiple completion tool has been 
successfully installed in a well in 
Allen Parish, Louisiana since March 
1960. Annual gross income from the 
well has increased $48,400.00, with a 
net reduction in operating costs. An
other tool was set recently in a well 
in St. Mary Parish. Five additional 
Sun installations in Louisiana are in 
progress. 

Major advantages in using this tool 
to commingle production from sepa
rate reservoirs in one string of tubing 
are: 

• Excess energy from one zone can 
be used to l i f t production from a 
weaker well. 

• Current income can be increased 
and well costs reduced sharply. 

• Completions can be made eco

nomically in doubtful looking zones 
apparently not worth the additional 
investment required for a twin string 
dual. 

• When completed and commingled 
with a good well, weak zones can be 
produced to depletion without arti
ficial l i f t . 

A l l these factors contribute to an 
increase in ultimate recovery. 

Operation of the downhole com
mingling tool is shown schematically 
in Figure 1. The lower zone flows up 
the tubing, enters the tool through a 
slotted section in the outer assembly, 
flows around a resilient check valve 
and enters the tube of the orifice head 
assembly where it is choked. Lower 
zone production then is commingled 
with upper zone fluid in the tubing 
above the tool. 

The upper zone flows up the casing 
and into the tubing through a ported 
collar. I t then enters the tool through 
another slotted section in the outer 

assembly, flows around the upper 
resilient check valve into the annulus 
around the tube, is choked and then 
commingled with the lower zone. 

Pack-off elements maintain separa
tion of the two zones up to the point 
of regulation. The system thus be
comes analagous to surface commin
gling, as shown in Figure 2, except 
that the point of pressure reduction is 
located in the logical place—at the 
bottom of the well where energy in 
the released gas can be utilized. This 
energy is wasted when surface chokes 
are used. 

The multiple completion choke as
sembly is shown in Figure 3. The 
outer assembly, shown on the left, is 
run with wireline tools and is located 
and locked in a type S side-door 
choke landing nipple. The resilient 
check valves, shown opposite the rela
tive positions they occupy within the 
tool, prevent flow from one zone to 
the other. The orifice head, shown on 

OTIS E N G I N E E R I N G C O R P O R A T I O N 
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FIGURE 2—Downhole commingling is analoguous to surface 
commingling except that the pressure reduction is accom-

Sub-Surface Commingling 
plished at the bottom of the hole where energy in released 
gas can be used. 

the right with the two tungsten car
bide choke beans, is run separately 
and is locked in the outer assembly. 

Steps involved in installation of the 
assembly are illustrated in Figure 4. 
When a choke change is required, the 
orifice head is pulled leaving the 
outer assembly in place. The check 
valves in the outer assembly prevent 
flow from one zone to the other even 
with the orifice head removed from 
the well. Required wireline operations 
are relatively simple and have be
come routine. 

The well in Allen Parish, prior to 
installation of the multiple comple
tion choke assembly, was producing 
as a concentric dual completion with 
the upper zone flowing in the annulus 
between the 2%-inch tubing and 5}4-
inch casing and the lower zone flowing 
through the tubing. The upper zone, 
a high ratio oil well, is completed 
through pe r fo ra t ions 8,067-70 feet. 
The lower zone, a gas well, is com

pleted through perforations 8,448-52 
feet. The conversion to commingled 
flow was made with wireline tools by 
pulling the side-door choke located 
at 8,000 feet and replacing i t with 
the multiple completion choke assem
bly. 

The subsequent increase in produc
tion resulted from decreased gas-
liquid ratios and an increase in lower 
zone productivity. Operating costs 
v/ere reduced through elimination of 
the surface heater (by the bottom 
hole choke effect) and because gas 
from the lower zone no longer re
quires compression to enter the sales 
line. Periodic production and packer 
leakage tests required by the Louisi
ana Department of Conservation have 
been performed on a routine basis. 
There has been no evidence oj com
munication between the two reser
voirs. 

Hardness of the choke material and 
location of chokes below paraffin 

deposition dep th have eliminated 
choke erosion and plugging. This has 
resulted in accurate determination of 
the contribution from each zone. 
Table 1 reflects the consistency of 
production rates through the % 4 - inch 
choke serving the upper zone well. 
The same % 4 -inch choke was used in 
each test and operated in the well 
from April 1, 1960 until replaced 
with a different size choke in January 
1961. The choke was not cut when 
replaced. 

The tests were used as a basis for 
allocating production to each zone, 
and were obtained by inserting a 
blank choke bean in the orifice head 
opening communicated to the lower 
zone. (This again is analagous to the 
conventional surface cornmingling 
system shown in Figure 2 and is the 
same thing as closing the wing valve 
on one of the wells while producing 
the other on test.) When a stabilized 
upper zone rate had been established, 



the orifice head was round tripped 
and a stabilized test made with both 
zones producing. The predetermined 
rate of gas and liquid production 
from the upper zone was subtracted 
from the total. The remainder was 
allocated to the lower zone. 

The rate of production from the 
upper zone is not affected by com
mingling as flow through the choke 
is not in the critical range. Flow from 
the lower zone is in the critical range 
and can be regulated with a surface 
choke. Producing characteristics of 
the two zones determine method of 
control and test procedures. 

Conditions imposed by use of the 
multiple completion choke assembly 
afford maximum opportunity for ac
curate flow rate control. In any sys
tem involving commingled produc
tion, the accuracy of determining the 
contribution from each zone depends 
on accurate flow rate control. The 
chokes in the multiple completion tool 
—more resistant to erosion and un
affected by paraffin deposition—will 
perform more efficiently than surface 
chokes. The multiple completion tool 
dual, therefore, will provide for more 
accurate allocation than can be ob
tained with conventional surface com
mingling. 

Multiple completion choke beans 
are undergoing a severe abrasion test 
in one of Sun's wells in Chambers 
County, Texas. In an attempt to solve 
acute problems associated with high 
pressure well completions, the multi
ple completion tool has been modified 
to single zone flow and is being used 
as a bottom hole choke. Surface tub
ing pressure of this well has been re
duced from 7,300 psi to 4,100 psi. 

A high differential type leak, prob
ably a tubing thread leak, which had 
existed before the installation was 
made, has been stopped. Production 
through the choke to date has been 
492,000 Mcf of gas and 2,400 barrels 
of condensate, a total effluent in ex
cess of 24 million pounds. There has 
been no discernible cutting of the 
choke. 

I f this experiment proves the feasi
bility of pressure reduction as a solu-

Type S Mandrel 
Assembly 

Upper Zone 
Ports 

Resilient 
Check Valves 

tion to the prob
lems associated 
w i t h producing 
abnormally high 
pressure wells , 
hazards to per
sonnel wil l be re
duced and the 
terrific costs in
curred in work
ing over such 
w e l l s c a n be 
avoided. 

The dua l o i l 
well in St. Mary 
Parish, an inland 
water location, is 
completed 14,-
236-39-feet and 
14,025-33-feet. A 
drill stem test of 
the upper sand 
completion i n d i 
cated productiv
i t y too low to 
justify the addi
tional cost of a 
twin string dual. 
Production tub
ing was run with 
a single packer, a 
side-door choke 
l and ing nipple, 
and a side-door 
choke. 

The side-door 
choke was re
moved after dis
placing d r i l l i n g 
mud , and the 
multiple completion choke assembly 
was installed in its place. Testing now 
is in progress to establish potential of 
the two zones. 

The flowing bottom hole pressure of 
the lower zone is reduced from 6,500 
psi to 1,350 psi across the tool. Surface 
pressure is regulated at 150 psi and can 
be increased with an adjustable choke, 
if necessary, to control upper zone pro
duction. Tubing pressure immediately 
above the multiple completion tool can 
be elevated to approximately 3,250 psi 
without changing the lower zone rate. 

The necessary wire line operations 
in this deep, high pressure, high tem
perature, directional well have been 

Outer Tool Assembly 
Lower Zone 

Ports 

Equalizing 
Sub 

FIGURE 3—Elements of multiple completion tool are shown 
here. Orifice head assembly can be retrieved separately to 
blank off one choke for well test purposes or to change pro
duction chokes. 

TABLE 1—Test Results of Upper Well With Lower Well Blanked Off 

TEST DATE Choke Size OU-BPD Gas-Mcfd GOR 

7-24-60 V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 

10- 5-60 
V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 

10-18-60 

V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 

12- 4-60 

V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 1-27-61 

V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 

V u ' 
*A." 
Vu" 
V u ' »•&' 733 

7.80 
7.80 
723 
6.38 

248 
227 
227 
209 
175 

34,200 
29.100 
29,100 
28.900 
27,500 

performed with relative ease; how
ever, a word of caution is directed to 
anyone planning to use this tool for 
the first time: someone with previous 
experience should be on the job. 
Dressing and running the assembly 
would not be a routine operation to 
an inexperienced person and could 
jeopardize success of the installation. 

The multiple completion tool can 
be used in a wide range of wells: dual 
oil; dual oil and gas; dual gas (the 
tool is ideally adapted to dual gas 
wells and is being used in that ca
pacity in Mexico); permanent com
pletions; and gas l i f t installations. 

To determine whether the tool has 
application in any particular well, 
one must first determine the pressure 
that will exist at the point of com
mingling. This will be the controlled 
surface pressure plus the pressure re
quired to l i f t the combined fluids to 
the surface, the latter being essen
tially a function of gas-liquid ratio, 



FIGURE 4—Inner and outer assemblies are run separately as shown. Note in center drawing that resilient check valves in 
outer assembly prevent interzone flow. 

production rate and tubing size. Pub
lished flowing gradient curves cover
ing almost any set of conditions now 
are available and can be used for this 
purpose. Pressure at the point of 
commingling and productivity index 
of the weaker well will determine its 
maximum rate of production. 

Use of the multiple completion tool 
as a gas l i f t mechanism offers inter
esting possibilities. When gas direct 
f rom the formation is used to l i f t 
liquids through the tool, the gas is 
put to work at maximum depth and 
pressure thus obtaining maximum ef
ficiency. Single point injection with 
a retrievable flow valve, considered 
by many to be the ultimate in gas 
l i f t , can be attained with the multiple 
completion tool. 

Field tests of the multiple comple
tion tool have demonstrated it to be 
a means of increasing current income 
as well as ultimate recovery at re
duced operating costs. This should 

appeal to all segments of the industry 
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J. W. Hodges received a B.S. de
gree in petroleum engineering from 
The University of Texas in 1938. 
He joined Sun Oil Company upon 
graduation and has worked as seis-
mographer, roustabout, roughneck, 
pumper, drilling engineer, produc
tion engineer, field superintendent, 
division petroleum engineer and 
administrative engineer, his present 
position. He holds several patents 
on oil field tools and has several 
pending, including one on the mul
tiple completion tool discussed in 
this article. 

—oil companies, royalty owners and 
regulatory agencies. 

Future development of the multiple 
completion tool depends to a large 
extent on acceptance by conservation 
commissions, as well as the oil indus
try. Acceptance in turn depends on 
a thorough understanding of the tool 
and an appreciation of its potential 
worth. Some traditional ideas and 
concepts must be re-examined. There 
is a great difference between con
trolled and uncontrolled subsurface 
commingling. Sun has clearly demon
strated in field tests that wireline 
tools can be used to separate the 
production from two reservoirs, to 
control the rate of production from 
each and to change the rate of pro
duction as required. 

The interest and cooperation shown 
by the Louisiana Department of Con
servation has been a material factor 
in the present stage of development 
of this new production technique. 
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