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(57) Abstract: A pump housing that contains a
pump that draws fuel from an underground storage
tank containing fuel to deliver to fuel dispensers
in a service station environment. The pump is
coupled to a double-walled fuel pipe that carries
the fuel from the pump to the fuel dispensers.
The doublewalled fuel piping contains an inner
annular space that carries the fuel and an outer
annular space that captures any leaked fuel from
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the inner annular space. The outer annular space is
maintained through the fuel piping from the pump
to the fuel dispensers so that the outer annular
space can be pressurized by a pump to determine
if a leak exists in the outer annular space or so
that fuel leaked from the inner annular space can
be captured by a leak containment chamber in the
pump housing.
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SECONDARY CONTAINMENT SYSTEM AND METHCD

Field of the Invention
[0001] The present invention relates to coupling the inner annular space
and the outer annular space of a double-walled fuel pipe to a pump housing

that carries fuel from an underground storage tank to a fuel dispenser.

Background of the Invéntion

[0002] In service station environments, fuel is delivered to fuel dispensers
from underground storage tanks. The underground storage tanks are large
containers located beneath the ground that contain fuel. A separate
underground storage tank is provided for each fuel type, such as low octane
gasoline, high octane gasoline, and diesel fuel. In order to deliver the fuel
from the underground storage tanks to the fuel dispensers, a pump is
provided that draws the fuel out of the underground storage tank and delivers
the fuel through a main fuel piping conduit that runs beneath the ground in the
service station. The pump may be a “submersible turbine pump.” An
example of a submersible turbine pump can be found in U.S. Patent No.
6,223,765 assigned to Marley Pump Company. Branch conduits from each
fuel dispenser are coupled to the main fuel piping conduit so that fuel from the
branch conduit can be delivered to the fuel dispenser.

[0003] Due to regulatory requirements governing service stations, the main
conduit fuel piping is usually required to be double-walled piping. Double-
walled piping contains an inner annular space that carries the fuel. An outer
annular space surrounds the inner annular space so as to capture and contain
any leaks that occur in the inner annular space. An example of double-walled
fuel pipe can be found in U.S. Patent No. 5,527,130, incorporated herein by
reference in its entirety. ‘

[0004] It is possible that the outer annular space of the double-walled fuel
piping could fail thereby leaking fuel outside of the fuel piping if the inner
annular space were to fail as well. Fuel sump sensors that detect leaks are
located underneath the ground in the submersible turbine pump 'sump and the
fuel dispenser sumps. These sensors detect any leaks that occur in the fuel
piping at the location of the sensars. However, if a leak occurs in the double-



WO 2004/024613 PCT/US2003/028005
2

~ walled fuel piping in between these sensors, it is possible that a leak in the
double-walled fuel piping will go undetected since the leaked fuel will leak into
the ground never reaching one of the fuel leak sensors. The submersible
turbine pump will continue to operate as normal drawing fuel from the
underground storage tank; however, the fuel may leak to the ground instead
of being delivered to the fuel dispensers.

[0005] Therefore, there exists a need to be able to monitor the entire
double-walled fuel piping system to determine if there is a leak in the double-
walled fuel piping that could cause fuel may leak outside of the double-walled

fuel piping.

Summary of the Invention
[0006] The present invention relates to coupling the secondary
containment system of a service station to a pump housing that is used to
draw fuel from an underground storage tank to be delivered to fuel
dispensers. The secondary containment system is usually provided in the
form of a double-walled fuel pipe that carries fuel from the pump fo the fuel
dispensers. The double-walled fuel piping is comprised of an inner annular
space that provides the delivery path for fuel, surrounded by an outer annular
space. Double-walled fuel piping is typically required when fuel piping is
exposed to the ground so that any leaks that occur in the inner annular space

of the double-walled fuel piping are contained in the outer annular space of
the double-walled fuel piping.

[0007] In one embodiment, the inner and outer annular spaces of the fuel
piping are run back into the pump housing. In this manner, a pressure
generating source in the pump housing can exert a pressure in the outer
annular space of the fuel pfping to pressurize the outer annular space to a
negative pressure thereby preventing any fuel that Iealgé from the inner
annular space to the outer annular space from leaking outside of the fuel
piping.

[0008] The pressure generating device that generates a pressure in the

' outer annular space of the fuel piping may be genera{ed by the same pump
that draws fuel out of the underground storage tank,‘or a separate secondary
pump. One type of pump that draws fuel out of the underground storage tank
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is referred to as a “submersible turbine pump.” In the case of a secondary
pump, the same electronics in the submersible turbine pump housing that
drives the submersibie turbine pump may also drive the secondary pump.
[0008] In an alternative embodirment, a bypass tube couples the outer
annular space of the double-walled fuel piping to the pump housing instead of
the outer annular space being run directly into the housing.

[0010] The pressure generating device generates a pressure in the outer
annular space, and a control system monitors the pressure in the outer
annular space using a pressure sensor. The control system may be in the
pump housing, a tank monitor, site controller, fuel dispenser, or cther control
system. Changes in pressure in the outer annular space may be indicative
that a leak or breach has occurred in the outer annular space of the fuel
piping such that a fuel leak would occur if the inner annular space of the fuel
piping occurs. Repeating lowering pressure changes over the same amount
of time are typically indicative of thermal effects rather than leaks in the outer
annular space. Repeating pressure changes that are the same or greater
over the same amount and/or large changes in pressure are typicaily
indicative of a breach or leak in the outer annular space.

[0011] If a breach or leak is detected in the outer annular space, an alarm
may be generated, and the pump that draws fuel out of the underground ‘
storage tank may be shut down in order to prevent and/or stop any fuel leaks
from occurring underneath and the ground and/or in the service station
environment.

[0012] Those skilled in the art will appreciate the scope of the present
invention and realize additional aspects thereof after reading the following
detailed description of the preferred embodiments in association with the

accompanying drawing figures.

Brief Description of the Drawings
[0013] The accompanying drawing figures incorporated in and forming a
part of this specification illustrate several. aspects of the invention, and
together with the description serve to explain the principles of the invention.
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[0014]  Figure 1 is an underground storage tank, submersible turbine pump
and fuel dispénser system in a service station environment in the pricr art;
[0015]  Figure 2 is a schematic diagram of the double-walled fuel piping
extending into the submersible turbine pump housing;

[0016] Figure 3 is a schematic diagram of an alternative embecdiment
illustrated in Figure 2 wherein a bypass tube couples the outer annular space
of the double-walled fuel piping to the submersible turbine pump housing;
[0017] Figure 4 is a schematic diagram of a pressure sensor
communication system;

[0018] Figures 5A and 5B are flowcharts illustrating cne operational
embodiment of the present invention; and

[0019] Figure 6 is a schematic diagram showing a possible pressure
characteristic curve over time in the outer annular space of the double-walled

fuel piping.

Detailed Description of the Preferred Embodiments

[0020] The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the invention and
illustrate the best mode of practicing the invention. Upon reading the
following description in light of the accompanying drawing figures, those
skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts not particularly addressed herein. It
should be understood that these concepts and applications fall within the
scope of the disclosure and the accompanying claims.

[0021]  Figure 1 illustrates a fuel delivery system known in the prior art for a
service station environment. A fuel dispenser 10 is provided that delivers fuel
22 from an underground storage tank 20 to a vehicle (not shown). The fuel
dispenser 10 is comprised of a fuel dispenser housing 12 that typically
contains a conirol system 13 and a display 14. The fuel dispenser 10
contains valves and meters (not shown) to allow fuel 22 to be received from
underground piping and delivered through a hose and nozzle (not shown).
More information on a typical fuel dispenser 10 can be found in U.S. Patent
No. 5,782,275, assigned to same assignee as the present invention,

incorporated herein by reference in its entirety.
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[0022] Fuel 22 that is dispensad by the fuel dispenser 10 is stored beneath
the ground in an underground storage tank 20. There may be a plurality of
underground storage tanks 20 in a service station environment if more than
one type of fuel 22 is provided to be delivered by the fuel dispenser 10. For
example, one underground storage tank 20 may contain a high octane of
gasoline, another underground storage tank 20 may contain a low octane of
gasoline, and yet another underground storage tank 20 may contain diesel.
The fuel 22 in the underground storage tank 20 rests at the bottom of the
underground storage tank 20. The empty space above the fuel 22 in the
underground storage tank 20 is the uilage area 24. The ullage area 24
contains a vapor/air mixture. More information on underground storage tanks
20 in service station environments can be found in U.S. Patent No. 6,116,815,
incorpbrated herein by reference in its entirety.

[0023] A method is provided of delivering the fuel 22 from the underground
storage tank 20 to the fuel dispenser 10. Typically, a submersible turbine
pump 30 is provided, like that illustrated in Figure 1, to draw the fuel 22 from
the underground storaée tank 20 and deliver the fuel 22 to the fuel dispenser
10. The submersible turbine pump 30 is contained in a submersible turbine
pump sump 32 so that any leaks that occur in the submersible turbine pump
30 are contained within the submersible turbine pump sump 32 and are not
leaked to the ground. A submersible turbine pump sump sensor 33 is
provided inside the submersible turbine pump sump 32 fo detect any such
leaks so that the submersible turbine pump sump 32 can be periodically
serviced to remove any leaked fuei 22.

[0024] The submersible turbine pump 30 is comprised of submersible
turbine pump electronics 34 (which can also be referred to simply as
“electronics”) contained in a submersible turbine pump housing 36. The
submersible turbine pump housing 36 is connected o a riser pipe 38 that is
mounted using a mount 40 connected to the top of the underground storage
tank 20. A pipe extends from the submersible turbine pump housing 36 down
through the riser pipe 38 and into the underground storage tank 20 in the form
of a boom 42. The boom 42 is coupled to a turbine housing 44 that contains a
turbine ar also called a “turbine pump” (not shown), both of which terms.can
be used interchangeably. The turbine is electrically coupled to the
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submersible turbine pump eiectronics 34 in the submersibie turbine pump
housing 36. The submersible turbine pump electronics 34 causes the turbine
inside the turbine housing 44 to rotate to create a pressure inside the boom
42. This pressure causes.fuei 22 to be drawn through the turbine housing 44
through a turbine housing inlet 46 through the boom 42 which extends inside
the riser pipe 38 into the submersible turbine pump housing 36. A fiuid
connection is made between the boom 42 carrying the fuel 22 and an outlet
orifice 37 on the side of the submersible turbine pump housing 36.
[0025] A main conduit fuel piping 48 is coupled to the submersible turbine
pump housing 36 and/or outlet orifice 37 to receive the fuel 22 drawn from the
underground storage tank 20. This fuel 22 is delivered via the main conduit
fuel piping 48 to each of the fuel dispensers 10 in the service station
environment. Typically, regulatory requirements require that any main conduit
fuel piping 48 exposed to the ground be contained within a housing or other
structure so that any leaked fuel 22 from the main conduit fuel piping conduit
48 is captured. Typically, this secondary containment is provided in the form
of a double-walled main conduit fuel piping 48, as illustrated in Figure 1. The
double-walled main conduit fuel piping 48 contains an inner annular space 55
surrounded by an outer annular space 56. In Figure 1 and in prior aft
systems, the outer annular-space 56 runs through the submersibie turbine
pump sump 32 wall and is clamped to the inner annular space 55 to terminate
once inside the submersible turbine pump sump 32. This is because the
submersible turbine pump sump 32 provides the secondary containment of
the inner annular space 55.
[0026] The main conduit fuel piping 48, in the form of a double-walled pipe,
is run underneath the ground in a horizontal manner to each of the fuel

. dispensers 10. Each fuel dispenser 10 is placed on top of a fuel dispenser
sump 16 that is located beneath the ground underneath the fuel dispenser 10.
The fuel dispenser sump 16 captures any leaked fuel 22 that drains from the
fuel dispenser 10 and its internal components so that such fuel 22 is not
leaked to the ground. The main conduit fuel piping 48 is run into the fuel
dispenser sump 16, and a branch conduit 50 is coupléd to the main conduit
fuel piping 48 to deliver fuel 22 into each individual fuel dispenser 10. The
branch conduit 50 is typically run into a shear valve 52 located proximate to
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ground level sa that any impact to the fuel dispenser 10 causes the shear
valve 52 to engage, thereby shutting off the fuel dispenser 10 access to fuel
22 from the branch conduit 50. The main conduit fuel piping 48 exits the fuel
dispenser sump 16 so that fuel 22 can be delivered to the next fuel dispenser
10, and so on until a final termination is made. A fuel dispenser sump sensor
18 is typically placed in the fuel dispenser sump 16 so that any leaked fuel
from the fuel dispenser 10 or the main conduit fuel piping 48 and/or branch
conduit 50 that is inside the fuel dispenser sump 16 can be detected and
reported accordingly.

[0027] Figure 2 illustrates a fuel delivery system in a service station
environment according to one embodiment of the present invention. The
secondary containment 54 provided by the outer annular space 56 of the main
conduit fuel piping 48 is run through the submersible turbine pump sump 32
and into the submersible turbine pump housing 36, as illustrated. In this
manner, pressure created by the submersible turbine pump 30 can also be
applied to the outer annular space 56 of the main conduit f’uel piping 48 o
detect leaks, as will be discussed later in this patent application.

[0028] Pressure sensors may be placed in the outer annular space 56 in a
variety of locations, including but not limited to inside the submersible turbine
pump housing 36 (60A), in the outer annular space 56 inside the fuel
dispenser sump 16 (80B), in the outer annular space 56 of the main conduit
fuel piping 48 exposed to the ground (60C), and/or in the outer annular space
56 that extends to the sheer valve 52 (60D). In the embodiment illustrated in
Figure 2, the outer annular space 56 of the main conduit fuel piping 48 is run
inside the submersible turbine pump housing 36 so that any leaked fuel into
the outer annular space 56 can be drawn back to the submersible turbine
pump housing 36 and collected in a leaked fuel containment chamber 58. By
running the outer annular space 56 of the main conduitszuel piping 48 inside
the submersible turbine pump housing 36, it is possible to provide a pressure
in the outer annular space 56 from the same submersible turbine pump 30
pressure that draws fuel 22 from the underground storage tank 20 via the
boom 42, or a separate pump (not shown) that may be contained inside the

submersible turbine pump housing 36 or in another location coupled to the
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submersibie turbine pump housing 36 in order to generate a pressure in the
outer annular space 56.
[0029] In the case of the submersible turbine pump 30 providing the
pressure generating source for the outer annular space 56, any method of
accomplishing this function is contemplated by the present invention. One
method may be to use a siphon system in the submersible turbine pump 30 to
create a pressure in the outer annular space 56, such as the siphon system
described in U.S. Patent No. 6,223,765, assigned to Marley Pump Company
and assigned herein by reference its entirety. Another method is to direct |
some of the pressure generated by the submersible turbine pump 30 from
inside of the boom 42 to the outer annular space 56. The present invention is
not limited to any particular method of the submersible turbine pump 30
providing pressure to the outer annular space 56 for this embodiment.
[0030] In the case of a second pump provided in a submersible turbine
pump housing 36, the submersible turbine pump electronics 34 may also be
used to provide p‘ower to the second pump. Also, the second pump may not

- be located in the submersible turbine pump housing 36, but only coupled to
the submersible turbine pump housing 36 in order to generate a pressure in
the outer annular space 56.
[0031] Figure 3 illustrates an alternative embodiment of running the outer
annular space 56 of the main conduit fuel piping 48 into the submersible
turbine pump housing 36 instead of the outer annular space 56 being directly
run with the inner annular space 55 into the submersible turbine pump
housing 36." A bypass tube 70 connects the outer annular space 56 inside of
the submersible turbine pump housing 36 via a second orifice. Again, the
outer annular space 56 may be coupled to a leaked fuel containment chamber
58 that collects any leaked fuel 22 from the inner annular space 55 captured
by the outer annular space 56. A pressure sensor GOAjs placed in the leaked
fuel containment chamber 58 to detect any pressure changes in the outer
annular space 56 to determine if a leak exists, as will be described later in this
patent application. Alternatively, the pressure sensor may be located in other
locations in the outer annulal; space 56 as shown in Figure 2 by pressure
sensors 60B, 60C, 60D. ‘
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[0032] Figure 4 illustrates a communication system whereby readings from
the pressure sensors 60A, 60B, 60C, 60D can be communicated to a control
system. The pressure sensor 60A, 60B, 60C, 60D may be coupled to a tank
monitor 62, such as the TL.S-350 manufactured by Veeder-Root Company.
The pressure sensors 60A, 60B, 60C, 60D may also be coupled to a fuel
dispenser 10 and or its control system 13. The tank monitor 62 and/or fuel
dispenser 10 and its control system 13 may be additionally coupled via the
tank monitor site controller communication link 77 and fuel dispenser site

* controller communication line 78, respectively, to a site controller 64. The site
controller 64 controls the operation of the fuel dispensers 10 as well as
providing information regarding invehtory levels and other status of the fuel
dispenser 10 and tank monitor 62 readings. An example of a site controller
64 is the G-Site® manufactured by Gilbarco Inc., and is described generally in
U.S. Patent No. 6,067,527, assigned to the same assigned as the present
invention and incorporated herein by reference in its entirety. The site
controller 64 may communicate the pressure sensor measurements 60A, 60B,
60C, 60D to a remote system 74 using a remote communication line 72. Also,
a fuel dispenser 10 and/or its control system 13 and the tank monitor 62 may
communicate the pressure sensor measurements 60A, 60B, 60C, 60D directly
to the remote system 74 via remote communication lines 76 or 80 instead of
communicating such information through the site controller 64 first. A control
system, which may be provided in the tank monitor 62, the fuel dispenser 10,
and/or its control system 13, or the site controller 64 and/or the remote system
74, carries out the operational aspects of the present invention may be carried
out as described in Figures 5A and 5B below.

[0033] Figure 5A describes the operational aspects of the present
invention whereby the pressure in the outer annular space 56 of the main
conduit fuel piping 48 is monitored to determine if a quk exists. It is because
of the coupling of the outer annular space 56 into the submersible turbine
pump housing 36 that it is possible to provide a pressure-generating source,
such as the submersible turbine pump 30 or a second pump, to generate a
pressure in the outer annular space 56. A disruption in the pressixre from
normal conditions in the outer annular space 56 may be indicative of a breach
or leak in the outer annular space 56 of the main conduit fuel piping 48. If



WO 2004/024613 PCT/US2003/028005

10
there is a leak or breach in the outer annular space 56 of the main conduit fuel
piping 48, this is indicative of the possibility that a leak in the inner annular
space 55 of the main conduit fuel piping 48 would not necessarily be
contained by the outer annular space 56 and therefore would leak to the
ground causing an undesirable resuit.

[0034] In Figure 5A, a process is described that is executed by a control
system. The process starts (block 100), and a negative pressure is generated
in the secondary containment system 54, namely the outer annular space 56
of the main conduit fuel piping 48 (block 102). if the pressure-generating
source provided to the outer annular space 56 of the main conduit fuel piping
48 is the submersible turbine pump 30, the pressure-generating device
operation for generating a pressure in the outer annular space 56 will be
dictated by the normal designed operating conditions for the submersible
turbine pump 30 (block 104). For example, when no fuel dispensers 10 are
dispensing fuel 22, the submersible turbine pump 30 is turned off. If the
submersible turbine pump 30 is not the pressure generator that generates the
pressure in the outer annular space 56, then the pressure-generating device
is turned off (block 104). What is important is that a characteristic pressure be
generated inside the outer annular space 56 so that any anomalies indicative
of a leak in the outer annular space 56 can be detected.

[0035] Next, readings from the pressure sensors 60A, 60B, 60C, 60D are
monitored by the control system (block 106). If a pressure sensor 60A, 60B,
60C, 60D reading is not outside an allowable tolerance from the expected
pressure in the outer annular space 56 (decision 108), the system continues
to repeat monitoring the pressure sensors 60A, 60B, 60C, 60D readings
(block 106). If a pressure sensor 60A, 60B, 60C, 60D reading is outside the
allowable tolerance (decision 108), the pressure-generating source is caused
to generate a negative pressure in the outer annular sp_éice 56 (block 110).
This step will comprise turning on the pressure-generating device if it is
currently turned dff. If the pressure-generating device is turned on, then the
pressure-generating device will be left on. Next, a timer is started in the
control system (block 112) and the pressure sensor 60A, 60B, 60C, 60D
readings are again monitored by the control system (block 114). At this point,
the control system does not know if the change in pressure outside of the



WO 2004/024613 N PCT/US2003/028005
tolerance (decision 1086) is from thermal effects or a leak in the auter annular
space 56 or both.

[0036] If the pressure sensor 60A, 60B, 60C, 60D readings show the same
change in pressure over a longer period of time than the timing of previous
same change in pressure in the outer annular space 56 as prescribed by the
control system (decision 116), this is indicative that the change in pressure in
the outer annular space 56 is due to thermal effects. Thermal effects may
cause a change in pressure in the outer annular space 56, but this change in
pressure will be generated over longer periods of time until virtually nil if no
other leaks are in the outer annular space 56. Any thermal effects that occurs
is noted by the control system (block 118), and the process repeats, going
back to block 106.

[0037] If the pressure sensor 60A, 60B, 60C, 60D readings are outside the
allowable tolerance within the time limit prescribed by the control system
indicating that the time for the change in the same amount of pressure is not
decreasing (decision 116), the control system is programmed to indicate this
situation as a leak in the outer annular space 56. The process continues onto
Figure 5B for the control system to determine the type of breach of the
secondary containment 54 based on the amount of time it took for the
pressure readings of pressure inside the outer annular space 56 to go outside
the allowable tolerances. If the pressure reading falls outside the allowable
pressure tolerance very quickly, this is an indication of a large leak in the
outer annular space 56. A longer amount of time is indicative of a smaller
leak, since the pressure in the outer annular space 56 degraded over a longer
period of ime. No matter what type of leak is detected, an alarm condition is
generated (block 122) and communicated to any of the reporting systems
illustrated in Figure 4 or other system that is designed to capture such alarms.
[0038] The control system next determines if the bre}ach of the secondary
containment 54 is a result of a catastrophic event (decision 124). If not, the
process continues to repeat again by returning to block 102 in Figure 5A. If
yes, the submersible turbine pump 30 is shut down so that no fuel 22 is
continued to be delivered to the mai’n conduit fuel piping 48 in case the inner
annular space 55 contains a leak that will then leak out of the leak in the outer
annular space 56 to the ground, and the process ends (block 128). Inorder to
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continue the operation of the system, it may be necessary for service
personnel to come to the service station to determine the location of the leak
in the outer annular space 56 and to take the appropriate correction measures
required. Alternatively, the control system may be designed to reinitialize the
system based on defined criteria.
[0039]  Figure 6 illustrates the possible scenario of a pressure reading in
the secondary containment system, namely the outer annular space 56 of the
main conduit fuel piping 48. Note, however, that this is merely an example of
a possible pressure to timing graph in the outer annular space 56 and is not
necessarily indicative of all systems. Assuming that the pressure-generating
device in the outer annular space 56 provides a steady state pressure of
negative 2 inches of water column, the process starts and the control system
determines a pressure change in the outer annular space 56 rising as shown
in Region 1 of Figure 6. The pressure-generating device is turned on, and the
pressure in the outer annular space 56 drops back down to negative 2 inches
of water column. This is indicative of either the outer annular space 56
containing a small leak that can be compensated for by the pressure
generated by the pressure-generating device in the outer annular space 56, or
. thermal effects occurring in the outer annular space 56.
[0040]  Again in Region 2, the pressure in the outer annular space 56 rises
to a point where it is outside an allowable tolerance, and the pressure-
generating device is activated when the pressure in the outer annular space
96 falls back down to the steady state pressure in less amount of time than it
took for the pressure to rise in the Region 1. This is indicative that the
pressure in the outer annular space 56 was possibly caused by thermal effect
and hence no alarm is generated since the pressure change is decreasing
over time.
[0041] n Region 3, again the pressure in the outer ahnu!ar space 56 rises
above the allowable tolerance level, and the pressure-generating device is
turned on to lower the pressure back down fo the steady state pressure.
[0042] In Region 4, the pressure in the outer annular space 56 again rises,
going outside the tolerance limit and beyond the previous pressure in Region
3. This is indicative of the fact that the pressure rise in the outer annular
spacé 56 is not repeating from the previous pressure reading and therefore is
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not a result of thermal effects. An alarm would be generated in this instance
indicating that a breach of the secondary containment system 54 has
occurred. Also, if in Region 4, the change in pressure was the same amount
as shown in Region 3, but the change in pressure in Region 4 occurred in the
same or longer period of time as it occurred in Region 3, this wouid aiso be
indicative of a leak in the outer annular space 56 and not due to thermal
effects. '

[0043] In Region 5, a catastrophic leak is shown wherein the pressure
rises in the outer annular space 56 outside the tolerance and to a level
wherein activating the pressure-generating device in the outer annular space
56 cannot cause the pressure in the outer annular space 56 to either fall at all
or fall back to the steady state pressure. This is indicative of a catastrophic
leak.

[0044] Those skilled in the art will recognize improvements and
modifications to the preferred embodiments of the present invention. All such
improvements and modifications are considered within the scope of the

concepts disclosed herein and the claims that follow.
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What is claimed is:

1. A device for drawing fuel out of an underground storage tank and
delivering the fuel to a fuel dispenser in a service station environment,
comprising:
a submersible turbine pump, comprising:
an electronics; and
a boom inside the underground storage tank that is coupled to a

turbine housing containing a turbine;

said electronics electrically coupled to said turbine to cause said
turbine-to rotate to generate a pressure in said boom to draw fuel from

" the underground storage tank; and
a submersible turbine pump housing that contains said electronics,
comprising:

an input orifice fluidly coupled to said boom; and

an output orifice that is adapted to couple to a double-walled fuel
pipe having an inner annular space and an outer annular space
wherein said inner annular space is fluidly coupled to said input orifice.

2. The device of claim 1, wherein said submersible turbine pump
generates a pressure in said outer annular space to pressurize said outer

annuiar space.

3. The device of claim 2, wherein said submersible turbine pump contains
a siphon system that generates the pressure in said outer annular space o

pressurize said outer annular space.

4, The device of claim 2, wherein said housing contains a pressure
sensor coupled to said outer annular space that senses the pressure inside

said outer annular space to determine if a leak exists in said double-walled

-fuel pipe.
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5. The device of claim 1, further comprising a second pump that

generates a pressure in said outer annular space to pressure said outer

annular space.

6. The device of claim 5, wherein said second pump in inside said
housing.
7. The device of claim 5, wherein said housing contains a pressure

sensor coupled to said outer annular space that senses the pressure inside
said outer annular space to determine if a leak exists in said double-walled

fuel pipe.

8. The device of claim 1, wherein said housing contains a leak chamber
that collects fuel that is leaked from said inner annular space to said outer

annular space.

9. The device of claim 1, wherein said housing- contains a pressure
sensor coupled to said outer annular space that senses the pressure inside
said outer annular space to determine if a leak exists in said double-walled

fuel pipe.

10. The device of claim 1, wherein said outer annular space extends to the

fuel dispenser.

11. A system for detecting a leak in a double-walled fuel pipe that carries
fuel from an underground storage tank to a fuel dispenser in a service station
environment, comprising:
a submersible turbine pump, comprising:
an electronics; and
a boom inside the underground storage tank that is coupled to a

turbine housing containing a turbine;
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said electronics electrically coupled to said turbine to cause said
turbine to rotate to generate a pressure in said boom to draw fuel from
the underground storage tank; and
a submersible turbine pump housing that contains said electronics,

comprising:

an input orifice fluidly coupled to said boom; and

an output orifice that is adapted to couple to a double-walled fuel
pipe having an inner annular space and an outer annular space wherein
said inner annular space is fluidly coupled to said input orifice; and
a pressure generating device that generates a pressure in said outer

annular space to pressurize said outer annular space.

12.  The system of claim 11, wherein said pressure generating device is

said submersible turbine pump.

13.  The system of claim 12, wherein said submersible turbine pump
contains a siphon system that generates the pressure in said outer annular

space to pressurize said outer annular space.

14.  The system of claim 11, further comprising a pressure sensor coupled
to said outer annular space wherein a controller coupled to said pressure
sensor monitors the pressure in said outer annular space using said pressure

sensor to determine if there is a leak in said double-walled fuel pipe.

15.  The system of claim 14, wherein said pressure sensor is inside said

outer annular space.

16.  The system of claim 14, wherein said pressure sgénsor is located in said

housing.

17.  The system pf claim 14, wherein said controller determines if the
pressure in said outer annular space is within a tolerance of a predefined

threshold pressure.
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18.  The system of claim 14, wherein said controller generates an alarm if
the pressure in said outer annular space is outside a tolerance of a predefined

threshold pressure.

19.  The system of claim 14, wherein said controller determines if the
pressure in said outer annular space is outside a tolerance of a predefined

threshold pressure in a repeatable fashion.

20.  The system of claim 14, wherein said controller determines if the
pressure in said outer annular space goes beyond a tolerance of a predefined
threshold pressure within a predefined threshold time.

21.  The system of claim 20, wherein said controller shuts down the
submersible turbine pump if the pressure in said outer annular space goes
beyond a tolerance of a predefined threshold pressure within a predefined

threshold time.

22.  The system of claim 20, wherein said controller generates a
catastrophic alarm if the pressure in said outer annular space goes beyond a
tolerance of a predefined threshold pressure within a pre'deﬁned threshold

time.

23. The system of claim 14, wherein said controller communicates an
alarm to a site controller if a leak exists in said double-walled fuel pipe.

24.  The system of claim 14, wherein said controller communicates an
alarm to a remote system if a leak exists in said double-walled fuel pipe.

25.  The system of claim 14, wherein said controller is provided as a part of

the group consisting of a site controller and a tank monitor.

26. The system of claim 11, further comprising a leak containment
chamber within said housing that collects fuel that leaks from said inner

annular space to said outer annular space.



WO 2004/024613 PCT/US2003/028005

18

27.  The system of claim 11, wherein said pressure generating device is a
second pump that generates a pressure in said outer annular space to

pressure said outer annular space.

28.  The system of claim 27, wherein said second pump in inside said

housing.

29. A device for drawing fuel out of an underground storage tank and
delivering the fuel to a fuel dispenser in a service station environment,
comprising:
a submersible turbine pump, comprising:
an electronics; and
a boom inside the underground storage tank that is coupled to a
turbine housing containing a turbine;
said electronics electrically coupled to said turbine to cause said
tﬁrbine to rotate to generate a pressure in said boom to draw fuel from
the underground storage tank; and
a submersible turbine pump housing that contains said electronics,
comprising:
an input orifice fluidly coupled to said boom;
an output orifice that is adapted to couple to an inner annular
space of a double-walled fuel pipe wherein said inner annular space is
fluidly coupled to said input orifice; and
a second output orifice that couples to a bypass tube that is
coupled to an outer annular space of said double-walled fuel pipe.

30.  The device of claim 29, wherein said submersible turbine pump
generates a pressure in said bypass tube to pressurizef said outer annular

space.

31.  The device of claim 30, wherein said submersible turbine pump
contains a siphon system that generates the pressure in said outer annular

space to pressurize said outer annular space.
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32.  The device of claim 30, wherein said housing contains a pressure
sensor coupled to said bypass tube that senses the pressure inside said outer

annular space to determine if a leak exists in said double-walled fuel pipe.

33.  The device of claim 29, further comprising a second pump that

generates a pressure in said bypass tube to pressurize said outer annular

space.

34. The device of claim 33, wherein said second pump in inside said

housing.

35. The device of claim 29, wherein said housing contains a pressure
sensor coupled to said bypass tube that senses the pressure inside said outer

annular space to determine if a leak exists in said double-walled fuel pipe.

36. The device of claim 29, wherein said housing contains a leak chamber
that collects fuel that is leaked from said inner annular housing to said outer

annular housing.

37. The device of claim 29, wherein said housing contains a pressure
sensor coupled to said bypass tube that senses the pressure inside said outer
annular space to determine if a leak exists in said double-walled fuel pipe.

38. The device of claim 29, wherein said outer annular space extends to

the fuel dispenser.

39. A system for detecting a leak in a double-walled fuel pipe that carries
fuel from an underground storage tank to a fuel dispens’ér in a service station
environment, comprising:
a submersible turbine pump, comprising:
an electronics; and

a boom inside the underground storage tank that is coupled to a

turbine housing containing a turbine;
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said electronics electrically coupled to said turbine to cause said
turbine to rotate to generate a pressure in said boom to draw fuel from
the underground storage tank; and
a submersible turbine pump‘housing that contains said electronics,
comprising:
an input orifice fluidly coupled to said boom;
an output orifice that is adapted to couple to an inner annular
space of a double-walled fuel pipe wherein said inner annular space is
fluidly coupled to said input orifice; and
a second output orifice that couples to a bypass tube that is
coupled to an outer annular space of said double-walled fuel pipe; and
‘a pressure generating device that generates a pressure in said bypass

tube to pressurize said outer annular space.

40.  The system of claim 39, wherein said submersible turbine pump is said

pressure generating device.

41. The system of claim 40, wherein said submersible turbine pump
contains a siphon system that generates the pressure in said outer annular

space to pressurize said outer annular space.

42.  The system of claim 39, further comprising a pressure sensor coupled
to said bypass tube wherein a controller coupled to said pressure sensor
monitors the pressure in said outer annular space using said pressure sensor
to determine if there is a leak in said double-walled fuel pipe.

43. The system of claim 42, wherein said pressure sensor is inside said

outer annular space.

44. The system of claim 42, wherein said pressure sensor is located in said

housing:



WO 2004/024613 PCT/US2003/028005
21

45.  The system of claim 42, wherein said controller determines if the

pressure in said outer annular space is within a tolerance of a predefined

threshold pressure.

46.  The system of claim 42, wherein said controller generates an alarm if

the pressure in said outer annular space is outside a tolerance of a predefined

threshold pressure.

47.  The system of claim 42, wherein said controller determines if the

pressure in said outer annular space is outside a tolerance of a predefined

threshold pressure in a repeatable fashion.

48. The system of claim 42, wherein said controller determines if the
pressure in said outer annular space goes beyond a tolerance of a predefined

threshold pressure within a predefined threshold time.

49.  The system of claim 48, wherein said controller shuts down the
submersible turbine pump if the pressure in said outer annular space goes
beyond a tolerance of a predefined threshold pressure within a predefined

threshold time.

50. The system of claim 48, wherein said controller generates a
catastrophic alarm if the pressure in said outer annular space goes beyond a
tolerance of a predefined threshold pressure within a predefined threshold

time.

51.  The system of claim 42, wherein said controller communicates an

alarm to a site controller if a leak exists in said double-walled fuel pipe.

52.  The system of claim 42, wherein said controller communicates an

alarm to a remote system if a leak exists in said double-walled fuel pipe.

53. The system of claim 42, wherein said controller is provided as a part of

the aroup consistina of a site controller and a tank monitor.
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54,  The system of claim 38, further comprising a leak containment
chamber within said housing that collects fuel! that leaks from said inner

annular space to said outer annular space.

55.  The system of claim 39, wherein said pressure generating device is a
second pump that generates a pressure in said outer annular space to

pressure said outer annular space.

56. The system of claim 55, wherein said second pump in inside said

housing.

57. A method of collecting leaked fuel in fuel pipe that carries fuel from an
underground storage tank to a fuel dispenser, comprising the steps of:
extending double-walled fuel pipe into a submersible turbine pump
housing;
coupling an inner annular space of said double-walled fuel pipe to a

turbine that extends into the underground storage tank;
coupling an outer annular space of said double-walled fuel pipe to a

leaked fuel collection chamber; and
slanting said double-walled fuel pipe so that fuel that leaks from said

inner annular space to said outer annular space is directed into said fuel

collection chamber.

58. The method of claim 57, wherein said leaked fuel collection chamber is

inside said submersible turbine pump housing.

59. A method of detecting a leak in a double-walled fuel pipe having an
inner annular space and an outer annular space that carries fuel from an
underground storage tank to a fuel dispenser, comprising the steps of:

providing a pump that draws fuel out of the underground storage tank
into the inner ?nnular space; »

generating a pressure in the outer annular space of the double-walled

fuel pipe;
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sensing the pressure inside said outer annular space; and
determining if the pressure inside said outer annular space is within a

tolerance of a threshold pressure value.

60. The method of claim 59, wherein said step of generating a pressure is

performed by said pump.

61. The method of claim 59, further comprising the step of generating an
/
alarm if the pressure inside said outer annular space is outside a tolerance of

a threshold pressure value.

62. - The method of claim 59, further comprising the step of shutting down
said pump if the pressure inside said outer annular space is outside a

tolerance of a threshold pressure value.

63.  The method of claim 59, wherein said step of determining further
comprises determining if the pressure inside said outer annular space goes

beyond a tolerance of a threshold pressure value within a predefined time.

B84. The method of claim 59, further comprising the step of generating an
alarm if the pressure inside said outer annular space is outside a tolerance of

a threshold pressure value in a repeatable fashion.

65. The method of claim 59, further comprising the step of communicating

said alarm to a remote system.

66. The method of claim 59, further comprising the step of communicating

said alarm to a user.

67. The methed of claim 59, further comprising the step of removing the

pressure in said outer annular space before said step of determining.

68. The method of claim 67, further comprising the step of reapplying the
pressure in said outer annular space after said step of determining to monitor



WO 2004/024613 PCT/US2003/028005
24

the pressure in said outer annular space to determine if the pressure falls

outside said tolerance in a repeatable fashion.

69. A system for capturing a leak in a double-walled fuel pipe that carries
fuel from an underground storage tank to a fuel dispenser in a service station
environment, comprising:
a submersible turbine pump, comprising:
am electronics; and , ,
a boom inside the underground storage tank that is coupled to a
turbine housing containing a turbine;
said electronics electrically coupled to said turbine to cause said
turbine to rotate to generate a pressure in said boom to draw fuel from
the underground storage tank; and h
a submersible turbine pump housing that contains said electronics,
comprising:
an input orifice fluidly coupled to said boom; and
an output orifice that adapted to couple to a slanted double-
walled fuel pipe having an inner annular space and an outer annular
space wherein said inner annular space is fluidly coupled to said input
orifice; and
a leak containment chamber coupled to said outer annular
space such that said leak containment chamber is located equal to or

lower than said outer annular space.

70. A method of collecting fuel that leaked from the inner annular space of
a double-walled fuel piping to an outer annular space of the double-walled fuel
piping, comprising the‘ steps of:

slanting a double-walled fuel piping; and

coupling an outer annuiar space of said double-walled fuel piping to a
leak containment chamber such that the leak containment chamber is located

equal to or lower than said double-walled fuel piping.
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