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(57) Abrege/Abstract:

A method and apparatus for an improved dewatering tank system that allows for safely controlling a water stream exiting the
dewatering tank system. The apparatus can include a sound velocity detector, a control system, and a control element. The sound
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(57) Abrege(suite)/Abstract(continued):
velocity detector can include a transducer, a detector, and a transmitter. The control system can include a computer and a program

product. The apparatus can optionally include a dewatering tank, a drain line, and a controllable valve. The apparatus allows for
transmitting sound energy through the water stream flowing in the drain lined that is connected to the dewatering tank, calculating
the velocity of the sound energy as the sound energy travels through the water stream, monitoring the velocity of the sound energy
for a period of time, and controlling the position of the controllable valve depending on the calculated velocity of the sound energy.
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(57) Abstract: A method and apparatus for an
improved dewatering tank system that allows for
safely controlling a water stream exiting the de-
watering tank system. The apparatus can include
a sound velocity detector, a control system, and a
control element. The sound velocity detector can
mclude a transducer, a detector, and a transmuitter.
The control system can include a computer and a
program product. The apparatus can optionally
include a dewatering tank, a drain line, and a
controllable valve. The apparatus allows for
transmitting sound energy through the water
stream flowing in the drain lined that 1s connect-
ed to the dewatering tank, calculating the velocity
of the sound energy as the sound energy travels
through the water stream, monitoring the velocity
of the sound energy for a period of time, and con-
trolling the position of the controllable valve de-
pending on the calculated velocity of the sound
energy.
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SOUND-VELOCITY DEWATERING SYSTEM

PCT PATENT APPLICATION

Technical Field of the Invention

[0001] The present invention relates to a method and apparatus for controlling a water stream

exiting a dewatering tank, including automatic or remote drainage of water in hydrocarbon

tanks.

Background of the Invention

[0002] Water level build-up in hydrocarbon storage tanks is an unfortunate and inevitable
side effect in oil production. In order to avoid sending this unwanted byproduct to
downstream refineries, operators manually discharge the water from the storage tank using
drain lines. However, this task requires large amounts of man-power, which prevents the
operators from focusing on more important tasks, as well as placing the operators at risk of
injury or exposure to chemicals. In addition, failure to adequately drain water from the

hydrocarbon tanks can cause processing issues for subsequent refineries.

[0003] Automatic tank dewatering apparatuses have been introduced; however, they suffer
from serious drawbacks such as: requiring majér modifications in the tank or the drain
piping for installation, requiring frequent calibration and/or maintenance, running the risk of
service buildup on the sensors/transducers, and having high costs to implement. FIG. 1
represents an example of automatic tank dewatering apparatuses of the prior art. Dewatering

tank 10 has first probe 12 and second probe 14 that are disposed on the inside of dewatering
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‘ témk 10 so that probes 12; 14 can sense what type of fluid is at certain depths of dewatering
tank 10. First probe 12 monitors water concentrations at or neat the bottom of dewatering
tank 10. When concentrations reach a predetermined 'level, first probe ‘12 triggers the
opening of controllable valve 16 on drain line 18. When water concentraﬁons begin to
decrease due to drainage, first probe 12 triggers the closing of controllable valve 16. In the
event that first probe 12 failé to trigger the closing of controllable valve 16, second probe 14
will trigger both an alarm‘(not shown) and the cldsing of conﬁollable valve 16..' However,
automatic dewatering tanks in accordance with 'FIG. 1 suffef- from -exp.ensive installation and

require shutdowns in the event of installation, maintenance, calibration, or failure.

[0004] Therefore, it would be beneficial to provide a method and an automatic tank
dewatering apparatué that was easy to install, did not require frequent calibration or

maintenance, was non-invasive, and had a relatively low cost to implement and operate.

~Summary of the Invention

[0005] The present invention is directed to an apparatus and method that satisfies at least one
of these needs. In one émbodiment, the invention provides for an abbar'atus for controllihg a
water stream exiting a dewatering a tank, including automatic or remote drainage of water in
hydrocarboﬁ tanks. The apparatus can include a sound velocity detectbr, a control system,
and a control element. In another embodiment, the apparatus. can optionally include the
dewatering tank, the drain line, and a controllable valve. The sound velocity detector can
“include a trahsducer, a detector, and a transmitter. In one embodiment, the transducer and the
detector can be combined into one piece of equipment, such as a transceiver. The control
system can include a computer and a program prbduct. The control element can inc'lude a
- controllable valve. The transducer is operable to emit wave energy through a water stream

contained in a drain line of a dewatering tank, and the detector is operéble to receive the wave
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energy from the transducer after the wave energy has passed through the water stream. The
transmitter is in electronic communication with the detector and the corﬁputer. The
transmitter is operable to convert the wave energy recéive'd by the detector into a readable
signal that is received by a signal processing device defined by the computer. The program
product is stored in memory, is in electronic communication with the' signal processing
device, and is operable on the signal processing device.. In one embodiment, the progfam |
product 1s composed of instructions that can convert the readable signal upon receipt into a
~measured velocity, compare the measured velocity against a predetermined value range, and
take a corrective action if the measured velécity is outside the predetermined value. range.
The control element c.an be operable to control the flow of the water stream exiting the
dewatering tank. In one embodiment, the sound velocity detector can be a non-wetted design

(clamp-on). In another embodiment, the sound velocity detector can be a wetted design

' (inserted or spool-piece).

[0006] In one embddiment of j:he automatic dewatering invention, the steb of taking a
corrective action can include sending a 'signal to the contrOIlablé valve connected to the drain
line to close if the measured velocity is outside the predetefrnined value range. In another
embodiment, the step of taking a corrective actiqh can include sending an alert signal to an
Qperator if the measured velocity is outside the predetermined \}alue range. The apio,aratus

can include an absence of a temperature or a pressure probe.

[0007] In another embodiment, the apparatus can ihclude a temperature probe for sensing the
temperature of the water stream, wherein the temperature probe is in electronic
communication with the transmitter, wherein the transmitter is bperable to convert the
temperature sensed by the temperature prc')b_c; into .the readable si‘gnal, wherein the program

product also includes instructions executable for converting the readable signal into a
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measured temperature. This temperature measurement can be wetted or non-wetted. The
temperature measurement can be helpful to provide for more accurate sound-velocity

measurements by accounting for velocity variations due to temperature.

[0008] In another embodiment, the drain line is in fluid communication with the dewatering
' tank, and the controllable valve is disposed on the outer surface of the drain line and is in
communication with the computer, such that the controllable valve is operable to control the
flow of the water stream. Advantageously, in one embodiment of the present invention, the
apparatus can be installed onto the drain line while the dewatering tank is in operation. No

draining or interruption of operation would be necessary.

[0009] Another embodiment of the present invention is draWn to a method for controlling
_ hydrocarbon content in the water stream exiting a dewatering tank system containing the
controllable valve having positions. The method can include the steps of emitting wave
energy through the water stream contained in the drain line connected to the dewatering tank,
reéeiving .the wav'e. energy through the detector, determining the velocity of the wave energy,
comparing the Velocity of the wave energy to the predetermined value range, and controlling
the position of the controllable valve, wherein the cont'rollable\ valve is in an Open position if
the vélocity of the wave energy is within the predétennined value range and in a closed

position if the velocity of the wave energy is outside the predetermined value range.

[0010] In another embodiment, the method can also include the steps of convelfting the wave
energy received into the readable signal and transmitting the readable signal to the computer
defining the signal processing device having non-transitory computer memory. The signal
proéessing device can have the program product stored in memory that -is operable on the
sigﬁal processing device. The program product 1S pfeferably composed of instructions

executable for converting the readable signal upon receipt into the measured velocity,
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comparing the measured velocity against the predetermined value range, and sending the
signal to the controllable valve to close if the measured velocity is outside of the
predetermined value range. In one embodimént, the method can be conducted in a non-
invasive fashion. In another embodiment, the transducer and detector are both disposed
outside of the drain line. In another embodiment, the controllable valve is set to the closed

position if no wave energy is received by the detector or if there is no measured velocity.

[0011] In another embodiment, the method for coqﬁolling hydrocarbon content in the water
stream exiting the dewatering tank system ‘includes the steps of transmitting soﬁnd energy
through the water stream flowing in the dfain line connected to the dewatering tank in the
dewatering tank system, calculating the velocity of the sound energy as the sound energy
travels through the water stream, monitoring thé velocity of the sound energy for a period of
time, and controlling the position of the controllable valve, wherein the controllable valve is
biased to the closed position if the velocity of the sound energy changes by more than a

predetermined amount within a set time. In one embodiment, the predetermined amount is 70

m/s and the set time is 1 second.

Brief Description of the Drawings

[0012] These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, claims, and
accompanying drawings. It is to be noted, however, that the drawings illustrate only several
embodiments of the invention and are therefore not to be considered limiting of the

invention’s scope as it can admit to other equally effective embodiments.

[0013] FIG. 1 1s a representation of a prior automatic dewatering tank systems.

[0014] FIG. 2 is a representation of an embodiment of the present invention.



CA 02805524 2013-01-15
WO 2012/012232 PCT/US2011/043796

[0015] FIG. 3a is a graphical representation of experimental results recorded in accordance

with an embodiment of the present invention.

[0016] F1G. 3b is a graphical representation of experimental results recorded in accordance

with an embodiment of the present invention.

[0017] FIG. 4 is a graphical representation of experimental results recorded in accordance

with an embodiment of the present invention.

[0018] FIG. 5 i1s a graphical representation of experimental results recorded in accordance

with an embodiment of the present invention.

[0019] FIG. 6 1s a graphical representation of experimental results recorded in accordance

with an embodiment of the present invention.

Detailed Description

[0020] While the invention will be described in connection with several embodiments, it will
be understood that it is not intended to limit the invention to those embodiments. On the
contrary, it 1s intended to cover all the alternatives, modifications and equivalence as may be

included within the spirit and scope of the invention defined by the appended claims.

[0021] One embodiment of the invention provides for an apparatus for controlling
hydrocarbon content in the water stream exiting the dewatering the tank. The apparatus can
include the sound velocity detector, a control system, and a control element. Preferably, the
sound velocity detector includes transducers, an transmitter, and an optional temperature
probe. The control system can be a distributed control system (DCS), a terminal monitoring
system (TMS), a programmable logic controller (PLC), or any other similar customizable

control system. The control system can be either mounted in the field or in a control room.
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Examples of control elements include an air-operated valve with a solenoid, a motor operated

valve (MOYV), or the like.

[0022] .Preferably, the sound velocity detector can provide data to the control system via 4-20
mA, modbus, serial link, foundation fieldbus, radio signals, or other acceptable
communication protocol. Types of data that can be measured by the sound velocity detector
can include sound velocity, flow measurement, volume measurement, temperafure of the
liquid, and outside air temperature. In one embodiment, the transducers can measure the
sound-velocity of the water stream and communicate it to the transmitter, which in turn can
communicate the signal to a display device that can display the measured data.. Preferably,
the water stream fully encompasses the inner volume of the drain line at the point of

measurement. In one embodiment, the transducers can be located on a vertical section of the

drain line.

[0023] The control system is operable to receive the sound-velocity signal from the sound
velocity detector and display the data. The control element is placed in the open position to
allow for draining of water within the dewatering tank. Preferablly, the control element will
be closed automatically once the souﬁd velocity detector identifies non-water media in the
water stream. In one embodiment, the control element Cah be located upstream or

downstream the sound velocity detector.

[0024] Embodiments of the present invention allow for a simple solution for automating
dewatering systems. They can be installed while the dewatering tank is in service and does
not require any piping modifications to the drain line. In one embodiment, a commercially
available ultrasonic flowmeter can be used as the transducer, detector, and the A/D converter.

Advantageously, additional data such as flow and volume measurements can be
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simultaneously collected, which can be helpful in leak detections in the event of a

malfunctioning controllable valve.

[0025] In FIG. 2, dewatering tank 20 contains hydrocarbons and water. Because the
hydrocarbons are less dense than the water, the hydrocarbons float to the top, and the water
settles to the bottom, thus forming two layers. Drain line 22 is generally disposed on the
bottom portion of dewatering tank 20 in order to remove water as opposed to hydrocarbons.
Sound velocity detector 26 is preferably disposed on a vertical section bf drain line 22 in
order to ensure that there is a full volumetric flow at the point where the measurements are
being taken; however, those of ordinary skill in the art will recognize that use of the vertical
section is not a requirement. Control system 30 is in electronic communication 32 with
sound velocity detector 26. Control system includes controllable valve 24, which is in
electronic communication 34 with control sysfem 30. Controllable valve 24 is open when

only water is detected and is closed when oil is detected.

Exgerimental Results

[0026] A sound velocity detector was used to measure the sound velocity of crude oil, crude-

water mixture and water at service temperature. The results are summarized in Table I

below:

Table I: Velocity Measurements for Fluids

. Temperature | Velocit
Fluid Type ?OC) (m/s) y
Water Sonic Velocit?w 44 1547
Water /Oil Sonic
Velocity L 47 190
Crude Qil 44 | 1300
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[0027] A Flexim HPI meter was used as the sound velocity detector for these experiments;
however, those of ordinary skill in the art will recognize that other sound veIocity detectors
can be used. The sound velocity detector was installed on drain lines of various crude tanks
(tanks 945-V-5, 6, 7). Five tests were conducted to test the concept, the meter reading

accuracy, and repeatability.

[0028] The general experimental setup and results were as follows: after the drain pipe was in-
place and the sound velocity detector was clamped-on, the controllable valve was openéd to allow
the water to drain. The sound velocity detector started recording velocity measurements. The
minute the flow-meter detected a drop in sonic velocity (roughly at least 70 m/s), crude/water mix

or crude was observed at the drain. This test was done four more times with identical

observations.

[06029] FIG. 3a and' FIG. 3b are-graphical representations of the results obtained in another
experiment. FIG. 3a differs from FIG. 3b only in the scale of time shown on the x-axis. FIG. 3a
depicts data for a little more than two hours, whereas FIG. 3b depicts data for approximately
seven minutes. The same drain line used in the experiment depicted in FIG. 3 was also used for
FIG. 3a and FIG. 3b; however, the Flexim G6725 portable sound velocity detector was used,
along with an additional temperature probe. The measurements were recorded every second.
The reading for this experiment when water was observed was approximately 1515 m/s and

approximately 1275 m/s for when oil was observed.

[0030] FIG. 4 is a graphical representation of the results obtained in another experiment. This
experiment employed the Flexim F601 portable sound velocity detector in combination with a
temperature probe on a drain line of a second dewatering tank. The reading for this experiment
when water was observed was approximately 1477 m/s and approximately 1382 m/s for when oil

was observed. The small spike occurring at point A was due to a sudden manual valve operation.

During this spike, the velocity did not drop below 1443 m/s.
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[0031] FIG. 5 is a graphical representation of the results obtained in another experiment. This
experiment employed the Flexim F601 portable sound velocity detector in combination with a
temperature probe on a drain line of a third dewatering tank. The reading for this experiment
when water was observed was approximately 1519 m/s and approximately 1330 m/s for when oil
was observed. The initial drop in velocity was due to a small quantity of crude that was already

in the line when the operator opened the valve. During this portion, the measured velocity did not

drop below 1486 m/s.

[0032] FIG. 6 is a graphical representation of the results obtained in another experiment. This
experiment employed the Flexim G6725 portable sound velocity detector on an old pipe that had
internal crude build up. Only water was flowed through the pipe to determine how internal crude
build up would affect the results. As shown in FIG. 6, the experiment indicates that the sound
velocity was approximately 1524 m/s, which indicates thaf thé crude oil build up had little affect

on the viability of the invention, even for older pipes having extensive build-up.

[0033] Table II below provides a summary of the experimental conditions and results that are

shown in FIGS. 3 - FIGS. 6.

Table II: Summary of Experimental Conditions and Results

Water Oil
Figure Tank D“entoeccl::?r Ten;gﬁga:u re Velocity | Velocity
(m/s) (m/s)
3a 945-V-6 | G6725 | Yes 1516 | 1275
3b 945-V-5 G6725 Yes 1516 1275
4 | 945-V-7 | F601 Yes 1477 1382 |
5 945-V-6 | F601 Yes 1519 | 1330
6 n‘a G6725 | No 16524 n/a

[0034] While the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications, and variations will be apparent to

those skilled in the art in light of the forégoing description.‘ Accordingly, it is intended to

10
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embrace all such alternatives, modifications, and variations as fall within the broad
scope of the appended claims. The present invention may suitably comprise, consist or

consist essentially of the elements disclosed and may be practiced in the absence of an

element not disclosed.

11
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What 1s claimed 1s:

1.

An apparatus for controlling a water strcam exiting a dewatering tank, the

apparatus comprising:

a sound velocity detector comprising:

a transducer operable to emit wave energy through the water stream

contained in a drain line of the dewatering tank, the drain line configured to

remove only water from the dewatering tank;

a detector operable 1o recerve the wave energy from the transducer after

the wave energy has passed through the water stream; and

a transmitter 1n electronic communication with the detector, the

transmitter operable to convert the wave energy received by the detector into a

readable signal;

a control system comprising:

a computer defining a signal processing device having non-transitory

computer memory, the computer in electronic communication with the

transmitter, the signal processing device operable to receive the readable signal

from the transmitter;

a program product stored in memory and operable on the signal

processing device, the program product in electronic communication with the

12
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signal processing device, the program product composed of instructions

executable for:

(1) converting the readable signal upon receipt into a measured

velocity,

(2) comparing the measured velocity against a predetermined value

range, and

(3) taking a corrective action if the measured velocity is outside the
predetermined value range, indicating a presence of hydrocarbons in the water

stream; and

a one-way control element configured to move to a closed position to stop the flow of

the water stream exiting the dewatering tank, when the corrective action is taken.

2. The apparatus of claim 1, wherein the control element comprises a controllable
valve that 1s connected to the drain line, wherein the step of taking a corrective action
comprises sending a signal to the controllable valve to close if the measured velocity is

outside the predetermined value range.

3. The apparatus of claim 1, wherein the step of taking a corrective action

comprises sending an alert signal to an operator if the measured velocity is outside the

predetermined value range.

13
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4, The apparatus of claim 1, further comprising

an absence of a temperature probe.

3. The apparatus of claim 1, further comprising

an absence of a pressure probe.

6. The apparatus of claim 1, further comprising

a temperature probe for sensing the temperature of the water stream, wherein the
temperature probe is in electronic communication with the transmitter, wherein the
transmitter is operable to convert the temperature sensed by the temperature probe into the
readable signal, wherein the program product also includes instructions executable for

converting the readable signal into a measured temperature.

7. The apparatus of claim 1, further comprising

the dewatering tank, the dewatering tank containing liquid hydrocarbons and water.

8. The apparatus of claim 7, further comprising:

the drain line, the drain line in fluid communication with the dewatering tank; and

14
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a controllable valve disposed on an outer surface of the drain line and 1n

communication with the computer, the control valve operable to control the flow of the

water stream.

9. The apparatus of claim 8, wherein the transducer and the detector are disposed

on a vertical section of the drain line.

10. A method for controlling a water stream exiting a dewatering tank system

containing a one-way controllable valve, the method comprising the steps of:

(a) emitting wave energy through a water stream contained in a drain line connected to
a dewatering tank in the dewatering tank system, the wave energy emitted using a

transducer, and the drain line configured to remove only water from the dewatering tank;

(b) receiving the wave energy through a detector;

(¢) determining the velocity of the wave energy;

(d) comparing the velocity of the wave energy to a predetermined value range; and

(e) controlling a position of the one-way controllable valve, wherein the one way
controllable valve is in an open position if the velocity of the wave energy is within the

predetermined value range and in a closed position if the velocity of the wave energy is
outside the predetermined value range, indicating a presence of hydrocarbons in the water

stream.

15
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11.  The method of claim 10, wherein steps (¢) thru (e) are further comprised of the

steps of:

converting the energy value received in step (b) into a readable signal; and

transmitting the readable signal to a computer defining a signal processing device
having non-transitory computer memory, the signal processing device having a program
product stored in memory and operable on the signal processing device, the program

product composed of instructions executable for:

(1) converting the readable signal upon receipt into a measured velocity,

(2) comparing the measured velocity against the predetermined value range,

and

(3) sending a signal to the controllable valve to close if the measured velocity

1s outside of the predetermined value range.

12. The method of claim 10, wherein the method is conducted in a non-invasive
fashion.
13. The method of claim 10, wherein the transducer and the detector are both

disposed outside of the drain line.

16
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14. The method of claim 10, wherein the controllable valve is set to the closed

position if there is no measured velocity.

15. The method of claim 10, wherein the predetermined value range is from 14735
to 1575 m/s.

16.  The method of claim 10, wherein the wave energy 1s sound waves.

17. A method for controlling a water stream exiting a dewatering tank system

containing a one-way controllable valve, the method comprising the steps of:

(a) transmitting sound energy through a water stream flowing in a drain line connected
to a dewatering tank in the dewatering tank system, the drain line configured to remove

only water from the dewatering tank;

(b) calculating a velocity of the sound energy as the sound energy travels through the

water stream;

(c) monitoring the velocity of the sound energy for a period of time; and

(d) controlling a position of the one-way controllable valve, wherein the one-way

controllable valve 1s closed if the velocity of the sound energy changes by more than a

17
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predetermined amount within a set time, indicating a presence of hydrocarbons in the water

stream.

18.  The method of claim 17, wherein the predetermined amount is 70 m/s and the

set time 1s 1 second.

18
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