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(57) Abréegée/Abstract:

A method for monitoring fluid levels in a tank. A first step involves modelling the tank to identify fluid zones of fluids having differing
densities, the heat retention characteristics of each the fluid zones and the relative relationships between each of the fluid zones. A
second step Involves obtaining a heat gradient of the tank. A third step Involves analyzing the heat gradient based upon the
modelling to generate relative fluid level data for the tank.
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ABSTRACT OF THE DISCLOSURE
A method for monitoring fluid levels in a tank. A first step involves modelling the
tank to identify fluid zones of fluids having differing densities, the heat retention
characteristics of each the fluid zones and the relative relationships between each of the fluid
zones. A second step involves obtaining a heat gradient of the tank. A third step involves

analyzing the heat gradient based upon the modelling to generate relative fluid level data for
the tank.
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TITLE
Method for monitoring fluid levels in a tank

FIELD

The present application relates to a method of monitoring fluid levels in a tank based

upon differential rates of heat transfer.

BACKGROUND

Production from an oil well is pumped from the oil well into a production tank. Each
production tank may, and usually does, contain varying amounts of six substances: sand, oil,
water, oil/water emulsion, foam, and gas. If there is an excessive quantity of any one of these
substances, remedial action should be taken. Knowing the over all fluid level in the
production tank is not sufficient, as it does not indicate the relative quantities of the

substances.

United States Patent 6,959,599 (Feldstein et al) entitled “Level detector for storage
tanks for fluids”, discloses a level detector which can detect the difference between a mass of
fluid and the void volume above it. The Feldstein et al level detector operates upon a theory
of differential rate of heat transfer. This Feldstein et al level detector would be effective to
indicate total fluid volume, but would not be effective, by itself, in determining the relative
quantities of the substances. With oil well production tanks the analysis i1s further
complicated by the presence of a fire tube, which heats the fluids to promote separation and,

in doing so, maintains the fluids within a relatively homogeneous temperature gradient.

SUMMARY

There is provided a method for monitoring fluid levels in a tank. A first step involves
modelling the tank to identify fluid zones of fluids having differing densities, the heat
retention characteristics of each the fluid zones and the relative relationships between each of
the fluid zones. A second step involves obtaining a heat gradient of the tank. A third step

involves analyzing the heat gradient based upon the modelling to generate relative fluid level
data for the tank.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features will become more apparent from the following description 1n
which reference is made to the appended drawings, the drawings are for the purpose of
illustration only and are not intended to be in any way limiting, wherein:

THE FIGURE is a schematic view of an oil well production tank with monitoring

and control equipment.

DETAILED DESCRIPTION

A method for monitoring oil well production tanks having a fire tube heater will now

be described with reference to THE FIGURE.

Broadly stated, the method involves modelling a tank to identify fluid zones of fluids
having differing densities, the heat retention characteristics of each the fluid zones and the
relative relationships between each of the fluid zones. A heat gradient of the tank 1s obtained.
The heat gradient is then analyzed based upon the modelling to generate relative fluid level
data for the tank. The method will now be described 1n detail with respect to an o1l well
production tank. Once the teachings of the method are understood, it will be appreciated that

the method can be applied to other forms of tanks containing other fluids.

Referring to THE FIGURE, the method for monitoring an oil well production tank
12 that has a fire tube heater 14 begins by modelling oil well production tank 12 in order to '
generate relative fluid level data based on a heat gradient. The tank is modelled to have the
following fluid zones, consecutively from bottom to top: a sand zone 16, a water zone 18, an
oil/water emulsion zone 20, an o1l zone 22, a foam zone 24, and a gas zone 26. Fire tube
heater 14 1s submerged in o1l zone 22, and corresponds to an area 27 of greatest heat.
Because of the position of fire tube heater 14, oil zone 22 will have a temperature that is
slightly above the temperature of water zone 18, while sand zone 16 will absorb relatively
little heat. Oil/water emulsion zone 20 is characterized by a temperature inversion, with an
interface 28 between water zone 18 and oil/water emulsion zone 20 that reflects the
temperature of oil zone 22, and an interface 30 between oil zone 22 and oil/water emulsion
zone 20 that reflects the temperature of water zone 18. Foam zone 24 is also characterized by

a temperature inversion with an interface 32 between foam zone 24 and oil zone 22 reflecting
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the temperature of gas zone 26 and an interface 34 between foam zone 24 and gas zone 26
reflecting the temperature of oil zone 22. Once the model has been created, the heat gradient
of the oil well production tank 12 is obtained to be used in the model. The heat gradient may
be obtained by a movable heat detector 36 that traverses oil well production tank 12, as
depicted. However, the heat gradient may also be determined by other means that will be
recognized by those skilled in the art, such as by using a fixed heat detector mounted to oil
well production tank 12, or by aiming a heat gun at the oil well production tank. The heat
gradient gives an approximation of how the temperature changes as one progresses through
the tank. Then, using the model and the assumptions built into it, the heat gradient is then

able to generate relative fluid level data for o1l well production tank 12, for each of the zones.

Once relative fluid level data has been obtained, it may be used in a number of ways.
For example, the fluid level data may be shown graphically in the form of a map of the oil
well production tank on a monitor 38. The map 1s generated by a computer 40 based upon the
heat gradient and an algorithm incorporating the model and its assumptions. The fluid level
data may also be related to and used by a controller 42 which operates equipment based upon
the fluid level data. Controller 42 may be programmed to perform certain functions, such as
decreasing chemical injections by chemical injection equipment, such as if the oil/water
emulsion zone gets above a preset plateau level. Controller 42 may also shut down a pump
that pumps fluids to the production tank, such as if the foam zone gets above a preset level, or
it may send an electronic signal to a central monitoring facility if, for example, the sand zone

or the water zone gets above a preset level.

In this patent document, the word "comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires that

there be one and only one of the elements.

It will be apparent to one skilled in the art that modifications may be made to the

1llustrated embodiment without departing from the spirit and scope defined in the Claims.
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What is Claimed 1s:

1. A method for monitoring fluid levels in a tank, comprising the steps of:
modelling the tank to identify fluid zones of fluids having differing densities, the heat

retention characteristics of each the fluid zones and the relative relationships between each of

the fluid zones;
obtaining a heat gradient of the tank; and

analyzing the heat gradient based upon the modelling to generate relative fluid level
data for the tank.

2. The method of Claim 1, the heat gradient being obtained by a movable heat detector that
traverses the tank.

3. The method of Claim 1, the heat gradient being obtained by a fixed heat detector mounted
to the tank.

4. The method of Claim 1, the heat gradient being obtained by aiming a heat gun at the tank.

J. The method of Claim 1, the fluid level data being shown graphically in the form of a map
of the tank, the map being generated by a computer based upon the heat gradient and an
algorithm incorporating the modelling.

6. The method of Claim 1, the fluid level data being related to a controller which operates
equipment based upon the fluid level data.

7. A method for monitoring an oil well production tank having a fire tube heater, comprising
the steps of:
modelling the oil well production tank, such that:
the tank has flmid zones, the fluid zones comprising, consecutively from
bottom to top: a sand zone, a water zone, an oil/water emulsion zone, an oil zone, a foam

zone, and a gas zone;
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the oil zone has a temperature slightly above a temperature of the water zone;

the oil/water emulsion zone is characterized by a temperature inversion with
an interface between the water zone and the oil/water emulsion zone reflecting the
temperature of the o1l zone and an interface between the oil zone and the oil/water emulsion
zone retlecting the temperature of the water zone,

the sand zone absorbs relatively little heat;

the foam zone 1s characterized by a temperature inversion with an interface
between the foam zone and the oil zone reflecting the temperature of the gas zone and an
interface between the foam zone and the gas zone reflecting the temperature of the oil zone;

and

a fire tube heater is submerged in the oil zone and corresponds to an area of

greatest heat;
obtaining a heat gradient of the oil well production tank; and
analyzing the heat gradient using the modelling to generate relative fluid level data for

the o1l well production tank.

8. The method of Claim 7, the heat gradient being obtained by a movable heat detector that

traverses the oil well production tank.

9. The method of Claim 7, the heat gradient being obtained by a fixed heat detector mounted
to the oil well production tank.

10. The method of Claim 7, the heat gradient being obtained by aiming a heat gun at the oil
well production tank.

1. The method of Claim 7, the fluid level data being shown graphically in the form of a map
of the oil well production tank, the map being generated by a computer based upon the heat

gradient and an algorithm incorporating the model.

12. The method of Claim 7, the fluid level data being related to a controller which operates
equipment based upon the fluid level data.
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13. The method of Claim 12, the controller decreasing chemical injections by chemical

injection equipment if the oil/water emulsion zone gets above a preset plateau level.

14. The method of Claim 12, the controller shutting down a pump pumping fluids to the

production tank, if the foam zone gets above a preset level.

15. The method of Claim 12, the controller sending an electronic signal to a central

monitoring facility if the sand zone gets above a preset level.

16. The method of Claim 12, the controller sending an electronic signal to a central

monitoring facility if the water zone gets above a preset level.
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