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INn the reservolr. Traceable material with different identifying characteristics, e.g. different radioactive isotopes, Is separately inserted
or arranged In connection with different zones, places or regions along the length of the well. During production of oll and/or gas
identification of the amount of the Individual traceable materials permits the calculation of the amount of oill and/or gas flowing into
the well at a particular place, zone or region of the well. The traceable material may be a radioactive isotope or genetically coded
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ABSTRACT

A procedure to determine the inflow of oil and/or gas from an oil and/or gas reservoir under the
surface of the Earth into a wellbore in the reservoir. Traceable material with different identifying
characteristics, e.g. different radioactive isotopes, is separately inserted or arranged in
connection with different zones, places or regions along the length of the well. During
production of oil and/or gas identification of the amount of the individual traceable materials
permits the calculation of the amount of oil and/or gas flowing into the well at a particular place,
zone or region of the well. The traceable material may be a radioactive isotope or genetically

coded material
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The present invention relates to a method for determining the inflow of oil and/or gas ffom an

oll and/or gas reservoir under the surface of the Earth into tubing inserted into a well in the

reservoir. More precisely the invention relates to a method to determine the inflow at certain

piaces along the whole or parts of such a well.

During production of oil or gas as mentioned above it is of decisive importance to ascertain first

and foremost whether any oil and/or gas is being produced at all, but also how much oil and/or

gas is being produced from the various areas or reservoirs under the surface of the Earth.

A previously known method for examining production is to lower a logging tool into an oil and/or
gas producing well. The logging tool is lowered into the well by means of special equipment
and is designed to measure the amount of oil and/or gas flowing into the well at different
places along it. By this means the amount of oil flowing into any region of the well can be

calculated with a certain degree of accuracy:.

A fundamental disadvantage of this solution is however that for long horizontal boreholes, i.e.
boreholes with a length greater than 5 km, it is either impossible or only partially possible to
lower the logging tool into the oil and/or gas producing areas of the borehole. Hence, in many
cases, it will be impossible to use such logging tools. Another disadvantage of logging tools is
that the production of oil and/or gas must be wholly or partially stopped which in its turn implies

an economic loss. In addition the method is in itself expensive to use.
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The inijection of traceable materials into a
borehole connected with an oil and/or gas reservoir is
previously known. When such a reservoir of oil and/or gas

is discovered the size and shape of the find must be

determined. The field 1s divided into a number of
geometrical squares which are equipped with boreholes.
Injectors are placed in certain of these boreholes in a

definite pattern and at various depths. The tracer 1is

injected from the injectors into the oil and/or gas

reservolrs and the amcunt of the tracer or tracers is

subsequently measured 1in fluid samples taken in the

producing boreholes. The injections of tracers may be

repeated after a certalin time at intervals which are

dependent on the contents of the reservoir and its

permeabllity, temperature and pressure as well as on the

characteristics of the tracer. This method can, however,

not be used to determine the inflow of cil and/or gas into a

well.

The present i1nvention on the other hand consists

of a method to determine such inflow which is simple in

application, uses simple and inexpensive equipment, gives a

g

high degree of measuring accuracy and does not imply a halt

in oil and/or gas production.

According to one agpect the invention prbvides a
method of determining the inflow of o0il and/or gas from an
oil and/or gas reservoir into a well having a borehole, the
method comprising: inserting an inner transport pipe into
sald borehole, wherein said transport pipe is divided into a
plurality of zones; providing a traceable material at each ‘
of said zones, such that each zone is provided with a

traceable material having an identifyving characteristic
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which is different from said i1dentifying characteristics of
said traceable materials provided at said other zones;
determining amounts of said individually traceable.materials
recovered during production of the well; and calculating

flows of oil and/or gas 1into said borehole at locations

which correspond to said zones based on the amounts of said

individually traceable materials.

Accordilng to another aspect the invention provides
a method of determining the inflow of o©il and/or gas from an
oil and/or gas reservoir into a well having a borehole which
extends 1nto the reservolir, the method comprising: fixing a
casing 1in said borehole; attaching a plurality of
individually traceable materials to explosive charées,
respectively, in a perforator gun, wherein each of said
traceable materials has an identifying characteristic which
1s different from the identifying characteristics of the
other traceable materials; inserting said perforator gun
into said casing prior to starting production of Said well;
exploding said explosive charges simultaneously so as to

form perforation holes and to deposit said traceable

materials in said perforation holes; determining amounts of
each of the traceable materials recovered during production
of the well; and calculating the flow of o0il and/or gas into

the well at each location of the well which corresponds to

sald perforation holes containing said traceable materials.

According to yet another aspect the invention

provides a method of determining the inflow of oil ahd/or

gas from an oil and/or gas reservoir into a well having a

borehole which extends into the reservoir, the method

comprising: fixing a casing in said borehole; placing a

plurality of traceable materials in a plurality of packages,



10

15

20

25

CA 02209259 2005-01-21
26625-247

2b

wherein each of said traceable materials has an identifying

characteristic which 1s different from the identifying

characteristics of the other traceable materials; attaching

g

said packages to a plurality of explosive charges,

respectively, wherein said explosive charges are provided in
a perforator gun; inserting saild perforator gun into said
casing prior to starting production of said well; exploding
said explosive charges.simultaneously so as to form
perforation holes and to deposit said traceable materials in

sald perforation holes; determining an amount of each of

sald traceable materials recovered during production of the

well; and calculating the flow of o0il and/or gas flowing

into the well at locations which correspond to said

perforation holes containing said traceable materials.

The 1nvention 1s described below by means of

examples and with reference to the accompanying drawings in

which:

Fig. 1 shows in section a subsurface formation

with a well which extends from the surface and through

various oil/gas producing layers in the formation.

Fig. 2 shows at larger scale a region of the well

shown in Fig. 1.

Fig. 3 shows on the same scale as Fig. 1 a

corresponding region but for a different well with different

well completion.
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As mentioned above, Fig. 1 shows a subsurface formation with a well which descends at an
angle to the surface, from a rig, drilling platform or similar (not shown) and continues nearly

horizontally along the oil/gas-bearing layer 2 in the formation. Such wells can have a total

length of 8-9 km, while the oil or gas-producing part can be 1-4 km long.

In the example shown in Fig. 1 the tubing is divided into zones 3. 4. 5 and 6 which are
separated from each other by means of expandable packer elements 7 which are filled with
cement and which are shown in more detail in Fig. 2. The "well" consists in this case of an
external circular sand control filter 8 which is held in place by the packer elements 7 in borehole
12, together with an inner transport pipe 9 with valves 10 to control the supply of oil and/or gas
to the inner pipe. The inner transport pipe is "divided" and held concentrically with the sand

control filter 8 by means of the packer element 11.

In accordance with the invention each of these zones may be supplied with a traceable
material, e.g. a radioactive isotope which, depending on the amount of oil/gas flowing into the
well from the reservoir in the various zones, will accompany the oil/gas flow to the surface

where the traceable materials can be identified and the amount of oil/gas from the various

zones may be calculated.

The traceable material can be conveniently added to an oil-soluble martial e.g. tar materials

® ® . . .
(Tectyl , Dynol etc.) which are coated as a layer on the outside of transport pipe 9.

Fig. 3 shows at the same scale as Fig. 2 a corresponding area but for a different well with
different well completion. In this case the "well" consists of a casing 14 which is permanently
fixed In the wellbore 17 by means of cement 15. During well completion, before the start of
production, a perforator gun 16 supplied with a large number of explosive charges 18 is
lowered into the well where the charges are exploded simultaneously. The explosions make a

hole 19 (suggested by the dashed lines) which extend through the casing and cement and into
the formation. By this means contact is established between the formation and well so that oil

and/or gas may flow freely in the pipe.
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In this case the invention makes use of traceable material attached to each of the explosive
charges 18. For example, the traceable material may be mixed with glue contained in 3
package (bag) and placed at 20 on the outside of each explosive charge 18, The traceable
matenal i1s deposited in the perforation holes 19 when the charges are detonated. When the

perforator gun is withdrawn and oil/gas-production starts the amount of oil/gas flowing into the

well from each hole may be determined.

Example

An experiment was performed in connection with the invention as described above with

reference to Fig. 3, that is to say, by shooting in traceable material when perforating a well with

the use of a perforator gun.

The amount of traceable material was calculated on the basis of information acquired
concerning the amount of oil expected to be produced. It was assumed that at the beginning of
oll production the concentration of traceable material would be greatest and that the radiation
would decay exponentially towards the background level. It was further assumed that the

traceable material would be produced in the course of the first two weeks at a production rate

of 5000 m" per day.

Several radioactive isotopes were used as traceable material and the amount of each traceable

matenal which needed to be shot into the well was calculated as 7 x 107 Bq (0.0002 Curie).

A suitable raw material of the desired chemical composition was synthesized and packed in
small bags of polyethylene with a size of 0.75 x 0.75 x 0.10 cm. The bags were then irradiated

to obtain the desired radioactive isotopes for the trial. Four different traceable materials

(Isotopes) distributed in 23 test bags were used during the trial.

Each bag was attached with epoxy glue to the explosive charges on a perforator gun at the

various places desired and then completely covered by the same glue. All necessary safety

precautions where taken to prevent undesirable exposure to radiation during the trials.
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The perforation gun was then lowered into the "test well" and fired according to the usual

procedures for such firing. Immediately afterwards the perforator gun was withdrawn and

production of oil started.

The trial proved that the traceable materials (isotopes) were easily identifiable in the oil which
was produced. Hence it was also possible to calculate the relative distribution of oil production

for the various places along the well where the traceable materials were shot into the

formation.

It should be noted that the invention as defined in the demands is not limited to radioactive

traceable materials as mentioned in the previous example. Other traceable materials can also

be employed such as genetically coded material.
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CLAIMS:
1. A method of determining the inflow of ©il and/or

gas from an oil and/oxr gas reservoir into a well having a

borehole, the method comprising:

inserting an inner transport pipe i1nto said
borehole, wherein said transport pipe 18 divided into a

plurality of zones;

providing a traceable material at each of said

zones, such that each zone 1s provided with a traceable

material having an identifying characteristic which is

different from said i1identifying characteristics of said

traceable materials provided at said other zones;

- determining amounts of said individually traceable

materials recovered during production of the well; and

calculating flows of o0il and/or gas into said
borehole at locations which correspond to said zones based

on the amounts of said individually traceable materials.

2. The method as claimed in claim 1, wherein said
traceable materials, provided at said zones, comprise

radiocactive 1sotopes.

3. The method as claimed in claim 1, wherein each of
sald traceable materials are provided by mixing said
traceable materials with a soluble substance, and coating

the mixture on an outer wall surface of said inner transport

pipe at each of said zones.

4 . The method as claimed in claim 1, wherein said

CLraceable materials comprise genetically coded materials.
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5 . The method as claimed in claim 4, wherein said

borehole extends into said reservoir in both a horizontal

direction and a vertical direction.

6 . A method of determining the inflow of oil and/or

5 gas from an oil and/or gas reservoir into a well having a

borehole which extends into the reservoir, the method

comprising:
fixing a casing in salid borehole;

attaching a plurality of individually traceable

10 materials to explosive charges, respectively, in a

perforator gun, wherein each of said traceable materials has

an ldentifying characteristic which is different from the

1dentifying characteristics of the other traceable

materials;

15 inserting said perforator gun into said casing

prior to starting production of said well;

exploding said explosive charges simultaneously so

as to form perforation holes and to deposit said traceable

materials in said perforation holes;

20 determining amounts of each of the traceable

materials recovered during production of the well: and

calculating the flow of o0il and/or gas into the

\—

well at each location of the well which corresponds to said

perforation holes containing said traceable materials.

25 7. The method as claimed in claim 6, wherein said

traceable materials comprise radioactive isotopes.
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8. The method as claimed in claim 6, wherein said

traceable materials comprise genetically coded materials.

9. A method of determining the inflow of o0il and/or

gas from an oil and/or gas reservoir into a well having a

borehole which extends into the reservoir, the method

comprising:
fixing a casing in said borehole;

placing a plurality of traceable materials in a

plurality of packages, wherein each of said traceable

materials has an i1dentifyving characteristic which 1is

different from the i1identifving characteristics of the other

traceable materials;

attaching said packages to a plurality of
explosive charges, respectively, wherein said explosive

charges are provided in a perforator gun;

inserting sald perforator gun into said casing

prior to starting production of said well;

exploding said explosive charges simultaneously so

as to form perforation holes and to deposit said traceable

materials 1n said perforation holes;

determining an amount of each of said traceable

materials recovered during production of the well; and

o

calculating the flow of oil and/or gas flowing

into the well at locations which correspond to said

perforation holes containing said traceable materials.
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10. The method as claimed in claim 9, wherein said

traceable materials comprise radiocactive 1lsotopes.

11. The method as claimed in claim 9, wherein said

traceable materials comprise genetically coded materials.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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