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(57) Abstract: A vacuum-actuated shear valve coupled between piping from a storage tank and piping internal to a fuel dispenser
@ that automatically opens and closes in response to a vacuum level. A vacuum actuator is provided to control a fuel flow valve inside
& the shear valve. When a sufficient vacuum level is generated to the vacuum actuator, the actuator keeps the flow path valve inside
@\ the shear valve open. When the vacuum is lost, the vacuum actuator releases the flow path valve inside the shear valve, which closes
it. The vacuum actuator is coupled to a secondary containment space of a fuel-handling component that is drawn under a vacuum
level by a vacuum-generating source to monitor for leaks. Thus, if a leak occurs in the monitored secondarily contained space, the
shear valve is automatically closed to prevent the flow of fuel from continuing to be supplied to the source of the leak.
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VACUUM-ACTUATED SHEAR VALVE DEVICE, SYSTEM, AND METHOD,
PARTICULARLY FOR USE IN SERVICE STATION ENVIRONMENTS

Related Application(s)
[0001]  This application claims priority to U.S. Provisional Patent Application No.

60/674,743 entitled “VACUUM-OPERATED SHEAR VALVE WITH FLOAT AND
SERVICE SWITCH AND FILTER INTERLOCK DEVICE, SYSTEM, AND
METHOD,” filed on April 26, 2005, and incorporated herein by reference in its
entirety.

[0002] This application is related to U.S. Patent Nos. 6,834,534; 6,977,042;
6,978,660; 6,978,661; and 7,010,961, U.S. Patent Application Publication Nos.
2004/0045343 A1;2005/0039518 A1; 2005/0145015 A1;2005/0145016 Al;
200570247111 A1:2005/0236044 A1; and 2005/0236045 Al; U.S. Patent Application
Serial Nos. 11/255,421; 11/354,394; and 11/354,886; and U.S. Provisional Patent
Application No. 60/654,390; all of which are incorporated herein by reference in their

entireties.

Field of the Invention

[0003] The present invention is related to a secondary containment monitoring
and control system for monitoring secondarily-contained fuel-handling components
for leak detection and prevention. Various control devices are employed to control
the fuel-handling components and fuel flow in response to a leak or other alarm or

safety condition to mitigate the potential for leaking fuel to the environment.

Background of the Invention

[0004] In service station environments, fuel is typically delivered to fuel dispensers
from underground storage tanks (USTs), sometimes referred to as fuel storage tanks.
USTs are large containers located beneath the ground that hold fuel. A separate UST 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 USTs to the fuel dispensers, a submersible
turbine pump (STP) is typically provided that pumps the fuel out of the UST and delivers
the fuel through a main fuel piping conduit that runs beneath the ground in the service
station. Other types of pumps other than a STP, such as a self-contained pump within the

dispenser housing for example, may be employed.
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[0005] Due to environmental and possible regulatory requirements governing
service stations, fuel-handling components that handle fuel or vapor and would leak
the fuel or vapor to the environment if a leak existed may need to be secondarily
contained. Examples of fuel-handling components include, but are not limited to fuel
storage tanks, fuel piping conduits that carry fuel, STPs, main fuel piping, branch fuel
piping, sumps, shear valves, and dispenser piping. Secondary containment is
typically provided in the form of a sealed outer piping or outer container that
surrounds the fuel-handling component whereby a space, called an “interstitial space”
is formed between the fuel-handing component and the outer container or piping. Ifa
leak occurs in the fuel-handling component, the leak is trapped in the interstitial space
provided by the outer piping or outer container. Thus, the leak is prevented from
leaking to the environment. The secondary containment must periodically be checked
and eva:.ated.

[0006] It is possible that the secondary containment could also contain a leak
unknown to service station operators. In this instance, if a leak were to occur in a
fuel-handling component, the leak may escape to the environment through the leak in
the secondary containment. For example, if the fuel-handling component is a double-
walled fuel piping, wherein an outer piping surrounds and inner piping that carries
fuel, and a leak exists in both the inner and outer piping, fuel from the inner piping
may leak to the environment through the outer piping. Thus, without monitoring of
the interstitial spaces provided by the secondary containment, it is possible that a leak
can occur to the environment without being detected. The STP will continue to
operate as normal, drawing fuel from the UST and providing fuel to the source of the
leak.

[0007]  Recent proposed changes in state and federal regulations will tighten the
requirements to contain leaks via secondary containment and will further require
better leak detection so that environmental damage may be minimized. As a result, it
is becoming imperative that all potential leak sources be evaluated and steps taken to
detect and contain leaks in the piping systems. If the interstitial space of the
secondarily contained fuel-handling components can be monitored to detect a leak or
breach in either the fuel-handling component or the outer containment, a breach can
typically be detected before the leak could escape to the environment.

One method of monitoring the interstitial space of secondarily contained fuel-

handling components for leaks is by drawing a vacuum level in the interstitial space.
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Examples of such systems are the aforementioned U.S. Patent Nos. 6,834,534,
6,977,042; 6,978,661; and 7,010,961, U.S. Patent Application Publication Nos.
2004/0045343 A1;2005/0039518 A1;2005/0145015 A1;2005/0145016 Al; and
2005/0247111 Al; and U.S. Patent Application Serial No. 11/255,421. In these
systems, a vacuum-generating source, which may be from a siphon port on the STP
for example, draws a vacuum in the interstitial space. Thereafter, the interstitial space
is monitored for pressure variations. If a sufficient pressure variation occurs, this is
an indication that either the fuel-handling component or the outer containment has
incurred a leak or breach due to the ingress or egress of fuel and/or air into the
interstitial space from either the fuel-handling component or from the outside air.
[0008] Ifaleak is detected through loss of vacuum in the interstitial space, the
shear valve that couples underground fuel piping to the dispenser piping will continue
to rem.s.: o 2n, atlewing fuel to flow therethrough even though a leak condition is
known. Ifthe leak is contained in the fuel piping internal to the fuel dispenser, or
anywhere on the output side of the shear valve, the shear valve will continue to
remain open, allowing fuel to flow, possibly to the leak source, thereby continuing to
leak fuel to the environment.

[0009] Therefore, it is desirable to provide a device, system and method of
causing the shear valve to automatically close when a leak is detected in the
interstitial space of the fuel piping and/or shear valve. In this manner, this
improvement to a vacuum or pressure based leak monitoring system prevents fuel
from continuing to be delivered to the source of the leak automatically and quickly
without requiring service personnel to shut off the fuel supply via the shear valve
manually. Thus, continued leaking of fuel to the environment until service personnel
arrive to investigate the leak is halted.

[0010] Ifa shear valve is provided that can automatically close in response to a
leak, it may also be desirable to provide other systems that also close the shear valve

in response to other conditions for safety reasons.

Summary of the Invention

[0011]  The present invention is a vacuum-actuated shear valve that can be
controlled to automatically open and close the flow path of a shear valves, in

particular a product line shear valve. The shear valve is fitted with a vacuum
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actuator. The vacuum actuator responds to vacuum levels. When a sufficient

vacuum level is applied to the vacuum actuator, the vacuum actuator reacts
mechanically. When the vacuum level is lost, the vacuum actuator de-actuates. By
coupling the vacuum actuator to the shear valve rotatable member that controls the
opening and closing of a poppet valve inside the flow path of the shear valve, the
vacuum actuator can be designed to automatically open the shear valve flow path
when a sufficient vacuum level is present at the vacuum actuator.

[0012]  The present invention is particularly advantageous when used in a
vacuum-monitored secondary containment monitoring and control system. In such a
system, a vacuum level is generated by a vacuum-generating source to interstitial
spaces of various fuel-handling components. If the vacuum level cannot be
maintained or pressure variations occurs, this is an indication that one of the fuel-
handli.g cumponenis or its zecondary-containment has a leak. If the vacuum actuator
is also coupled to these interstitial spaces of the fuel-handling components drawn
under a vacuum level to monitor for leaks, the shear valve is automatically opened
when there is no leak (i.e. a sufficient vacuum level is being maintained in the
interstitial spaces of the fuel-handling components). When a leak occurs, a loss of
vacuum occurs. This vacuum loss is pneumatically communicated to the vacuum
actuator, which in turn closes the shear valve flow path. Thus, if the leak is present on
the outlet side of the shear valve, the fuel supply is blocked so that fuel is not
continued to be supplied to the source of the leak.

[0013]  This is advantageous to prior systems that may detect a leak, but do not
close off or stop the fuel flow supply to the source of the leak. It may take service
personnel hours or days to investigate and remedy the leak. Further, by stopping the
supply of fuel at the shear valve, as opposed to halting operation of the submersible
turbine pump, the fuel is only stopped for the individual fuel dispenser that contained
a leak. The other fuel dispensers in the service station can continue to supply fuel to
vehicles since they do not contain a leak. If the submersible turbine pump were shut
down instead, the entire service station would be shut down from supplying fuel, even
if the leak was limited to only one fuel dispenser in particular.

[0014]  Further, once the leak is remedied and the vacuum level is regenerated by
the vacuum-generating source and is maintained, the vacuum actuator will
automatically reopen the shear valve. This prevents service personnel from having to

manually reopen or reset the shear valve, thus preventing this action from being
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forgotten, or the service personnel applying forces to the shear valve that could
accidentally cause damage and require replacement of the shear valve.
[0015] In one embodiment, the shear valve is a double-walled shear valve that
contains an interstitial space. Thus, the shear valve interstitial space can also be
drawn under a vacuum level to monitor for leaks just like other fuel-handling
components. If the shear valve contains a leak, which could be the result of faulty
components or a shear in the event of an impact to the fuel dispenser, the loss of
vacuum will be communicated to the vacuum actuator to close the shear valve flow
path automatically.
[0016]  The shear valve may be designed with fittings that allow its interstitial
space to automatically be coupled to branch fuel piping and/or internal fuel dispenser
piping that is drawn under a vacuum level to be monitored for leaks. The vacuum
actua.s may oe coupled 1o a port in the shearvalve that is coupled to its interstitial
space or coupled to a port on any other piping or fuel-handling component interstitial
space that should cause the vacuum actuator to close the shear valve if a leaks exists
in such space.
[0017]  The present invention also takes advantage of the vacuum actuator to
automatically close the shear valve in response to other safety conditions where it is
desirable to close the shear valve to prevent fuel flow, such as during a service event.
This prevents service personnel from having to remember to manually close the shear
valve.
[0018] In a first service event embodiment, a service switch is provided that when
selected, vents in air from atmosphere into the vacuum actuator. This causes a loss of
vacuum, which in turn causes the shear valve to close. The service switch is selected
by service personnel when performing service in the fuel-handling components where
it is desired to shut down fuel flow to prevent fuel from being spilled onto the service
personnel. The switch is switched to an operational or run state when servicing is
completed. This closes the vent to atmosphere, and the vacuum-generating source is
allowed to replenish the vacuum level at the vacuum actuator to again open the shear
valve.
[0019] In asecond service event embodiment, a filter interlock is provided to
support a fuel flow filter that filters out contaminates in the fuel on its way to being
delivered to a vehicle through the fuel dispenser’s hose and nozzle. The filter

interlock is coupled to the interstitial space or vacuum conduit coupled to the vacuum
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actuator. When the filter is replaced, the service personnel must necessarily activate
the filter interlock, which causes a vent to open to atmosphere to provide a loss in
vacuum at the vacuum actuator much like that of the service setting in the first service
event embodiment described above employing a service switch. This causes the shear
valve to close, which depressurizes the fuel present at the filter and prevents the fuel
from squirting onto service personnel due to the pressure build-up. When the filter is
properly replaced, this causes the filter interlock to close the vent to atmosphere. The
vacuum-generating source is allowed to replenish the vacuum level at the vacuum
actuator to again open the shear valve for normal operation.
[0020]  The vacuum actuator may be provided for a product line shear valve, a
vapor line shear valve, or both. Most systems will probably only require the product
line shear valve to close to prevent fuel flow, since closing off the vapor line shear
val ..., rrevoos i teivrn of vapor-from other-product lines to the fuel storage
tank. This is because product lines are individual to grades of gasoline, but the vapor
return line is typically a common line servicing multiple product lines. Thus, closing
the vapor line shear valve when a leak exists in only one product line would prevent
the proper return of vapor from another non-leaking product line to the fuel storage
tank.
[0021]  The vacuum actuator is coupled to a pilot valve in one embodiment. The
pilot valve contains a switch that provides a vent to atmosphere when actuated. Thus,
the pilot valve is controlled by other control systems, either electronically or

pneumatically, to cause the shear valve to close in response to a leak or any other

desired safety or alarm condition when product flow is desired to be shut off.

Brief Description of the Drawings

[0022]  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.

[0023]  Figure 1 is an illustration of a typical fuel dispenser in the prior art;
[0024]  Figure 2 is an illustration of the fuel dispenser illustrated in Figure 1
showing the internal components of the fuel dispenser and the interface between a
shear valve, a branch fuel piping, internal fuel dispenser piping, and a dispenser sump

in the prior art;
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[0025]  Figure 3 is an illustration of a secondary containment system in a service
stations in accordance with the present invention for capturing and monitoring leaks
in fuel-handling components.
[0026]  Figure 4 is an illustration of a vacuum actuated shear valve in accordance
with one vacuum actuated shear valve embodiment of the present invention;
[0027]  Figure 5 is an illustration of a vacuum actuated shear valve in accordance
with another vacuum actuated shear valve embodiment of the present invention;
[0028]  Figure 6 is an illustration of a vacuum actuated shear valve in accordance
" with a third vacuum actuated shear valve embodiment of the present invention;
[0029]  Figure 7 is an illustration of a vacuum actuated shear valve system
employing a flow switch, service switch, and filter interlock to control the vacuum
actuated shear valve in accordance with one embodiment of the present invention;
[G7557 Figue T o flowchart illusiration of the process to control the opening
and closing of the vacuum actuated shear valve in response to detection of a loss of
vacuum in accordance with the system in Figure 7;
[0031]  Figure 9 is a flowchart illustration of the process to control the opening
and closing of the vacuum actuated shear valve based on a service setting;
[0032]  Figure 10 is a flowchart itlustration of the process to control the opening
and closing of the vacuum actuated shear valve to a filter interlock activated when
servicing a filter in the fuel dispenser;
[0033]  Figure 11 is an illustration of two embodiments of a secondarily contained
and monitored fuel dispenser containment sump;
[0034]  Figure 12 is an illustration of a secondarily contained fuel dispenser with
containment sump in accordance with the system of Figure 3 with operational
interfaces for capturing and monitoring a leak;
[0035] Figure 13 is an illustration of a dispenser sensor module (DSM) used to
interface with the secondary containment of fuel-handling components to control
vacuum level and monitor for leaks in accordance with the present invention;
[06361 Figure 14 is a pneumatic diagram illustrating the operational components
of the secondary containment system according to the present invention;
[0037]  Figure 15 is an electrical division diagram illustrating the operational
components of the secondary containment system according to the present invention;
[0038] Figure 16 is a communications diagram illustrating the operational

components of the secondary containment system according to the present invention;

Docket No. 2500-066-WO



WO 2006/116443 PCT/US2006/015707

N g T e W .

[0039]  Figure 17 is an illustration of a shear valve controller for controlling the

operation of the vacuum actuated shear valve according to one embodiment of the

present invention;

[0040] Figure 18 is an illustration of the shear valve controller housing for the

shear valve controller illustrated in Figure 17; and

[0041] Figure 19 is a cross-sectional illustration of the shear valve controller

illustrated in Figures 17 and 18.

Detailed Description of the Preferred Embodiments

[0042] In general, the present invention is a secondary containment monitoring
and control system employing various features and enhancements to control vacuum
level used for monitoring and detecting leaks in secondarily contained fuel-handling

¢t wooesny The secondarycontainment:monitoring system provides a vacuum-
generating source that generates a vacuum level in interstitial spaces of fuel-handling
components formed as a result of space provided between an inner fuel carrying
component surrounded by an outer secondary containment. The pressure variations of
the interstitial space are monitored for possible leaks. When a leak is detected the
system controls vacuum replenishment and/or the automatic closing of a vacuum
actuated product line shear valve. Thus, the source of fuel is cut off from the potential
leak source.

[0043] Examples of related and predecessor systems are provided in U.S. Patent
Application Publication Nos. US 2004/0045343 A1; US 2005/0039518 Al; US
2005/0145016 A1; and US 2005/0247111 Al; U.S. Patent Nos. 6,834,534; 6,997,042,
7,010,961; 6,978,660; and 6,978,661 (hereinafter the “’343 Application,” “*581
Application,” “’016 Application,” “*111 Application,” “’534 Patent,” “’042 Patent,”
“’961 Patent,” “660 Patent,” and the “’661 Patent,” respectively), all of which are
incorporated herein by reference. The ‘534 Patent monitors the secondary
containment of a fuel storage tank. The €343, ‘518, ‘016, and ‘111 Applications
monitor the secondary containment of fuel piping. The ‘961 and ‘042 Patents monitor
the secondary containment of the submersible turbine pump head and its riser pipe.
The ‘661 Patent monitors the secondary containment of internal dispenser fuel piping
and a shear valve coupled to the internal fuel dispenser piping. The present

application provides additional components and features that go beyond the teachings
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of the aforementioned patents to provide certain features as improvements to such
secondary containment monitoring systems.
[0044]  There are several goals of the improved secondary containment monitoring
and control system according to the present invention. One goal is to allow a
common vacuum-generating source to generate a vacuum level to the interstitial space
of different fuel-handling components. A second goal is to detect if a product line’s
interstitial space contains a blockage such that a leak would go undetected if the leak
existed on the downstream side of the blockage. A third goal is to provide control to
automatically close the product line shear valves in response to a leak detected in
order to prevent fuel from further leaking in the event of a shear or loss of vacuum
indicative of a leak in a fuel-handling component. A fourth goal is to provide a
monitoring of an in-dispenser sump having a secondary containment system and a
s peut . source generaied for the dn-dispenser sump in case one generation
path contains a leak. There are additional goals and features provided as well.
[0045] Before addressing the particular aspects and features of the present
invention, a typical fuel dispenser 10 is discussed and illustrated in Figures 1 and 2 as
background information for discussion of the present invention. Figure 3, discussed
later below, starts the discussion of the new features of the present invention.
[0046] Figure 1 illustrates a fuel dispenser 10 that dispenses fuel to a vehicle.
The fuel dispenser 10 is comprised of a housing 12. The housing 12 supports or
contains the fuel dispenser 10 components needed to receive, measure, and dispense
fuel to a vehicle (not shown) as is well known. A hose 14 and nozzle 16 are provided
so that fuel carried internal to the fuel dispenser 10 is dispensed through the hose 14
and through the nozzle 16 into a vehicle fuel tank (not shown). The fuel dispenser 10
contains a price display 18 that displays the price to be charged to the customer for
fuel dispensed, and a volume display 20 that displays the volume of fuel dispensed,
typically in gallons or liters. The fuel dispenser 10 may also contain an instruction
display 22 that provides information, instructions, and/or advertising to the customer
interfacing with the fuel dispenser 10. Components inside the fuel dispenser 10°are’
contained in the housing 12 accessible through a cabinet door 23.
[0047]  Figure 2 contains an illustration of an internal view of some of the
components typically contained inside the fuel dispenser 10 as well as some fuel-
handling components located beneath the fuel dispenser 10, typically underneath the

ground. A fuel dispenser sump 24 may be provided underneath the fuel dispenser 10

Docket No. 2500-066-WO



WO 2006/116443 PCT/US2006/015707

v L R o o D
H r’co capture aﬁ'y leapks thrat Innay occur in fuel piping that carries fuel to the fuel dispenser

10. If double-walled, the fuel dispenser sump 24 may be comprised of an outer sump
25 surrounding an inner sump 26, which forms an interstitial space 27 between the
wall of the outer sump 25 and the inner sump 26. In this manner, if a leak occurs in
the inner sump 26, the outer sump 25 will capture and contain the leak in the
interstitial space 27.
[0048]  The fuel is carried inside a main fuel piping 28 located underneath the
ground as illustrated. The fuel is typically pumped from a submersible turbine pump
(STP) located in the fuel storage tank (not shown) into the main fuel piping 28. The
main fuel piping 28 typically enters into the fuel dispenser sump 24 via a sump pipe
fitting 30. The main fuel piping 28 is typically a double-walled fuel piping. The main
fuel piping 32 inside the fuel dispenser sump 24 is connected to the sump pipe fitting
Fe e st 24 to carry: the- fuch onward. The main fuel piping 32 located
inside the dispenser sump 24 may be double-walled piping (inner wall not illustrated)
as well to provide an extra measure of leak containment. The interstitial space of the
main fuel piping 28 is crimped onto the fuel dispenser sump 24 with the main fuel
piping 32 contained internal to the sump 24 being single-walled piping, and with the
fuel dispenser sump 24 providing the secondary containment.
[0049]  The fuel is delivered to the individual fuel dispensers 10 via a branch fuel
piping 36 that is coupled to the main fuel piping 32 typically using a T-style fitting
connection 34. As fuel is delivered to the fuel dispenser 10 via the main fuel piping
28/32 and enters into the branch fuel piping 36, the fuel enters into fuel piping 40
internal to the fuel dispenser 10 via a shear valve 38 that is coupled to the branch fuel
piping 36 and the internal dispenser fuel piping 40. As is well known, the shear
valve 38 is designed to close the fuel flow path between the branch fuel piping 36 and
the internal dispenser fuel piping 40 in the event of an impact to the fuel dispenser 10,
which will in turn cause the shear valve 38 to shear in response thereto. An example
of a shear valve in the prior art is disclosed in U.S. Patent No. 5,527,130, which is
hereby incorporated herein by reference in its entirety.
[0050]  After the fuel exits the outlet of the shear valve 38 and enters into the
dispenser fuel piping 40, it may encounter a flow control valve 42. The flow control
valve 42 is under control of a control system 46 via a flow control valve signal line 48
inside the fuel dispenser 10. In this manner, the control system 46 can control the

opening and closing of the flow control valve 42 to either allow fuel to flow or not
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flow through a meter 56 and on to the hose 14 and nozzle 16. The control system 46
typically instructs the flow control valve 42 to open when a fueling transaction is
proper and allowed to be initiated.
[0051]  The flow control valve 42 is contained below a vapor barrier 50 in a
hydraulics area 52 of the fuel dispenser 10 where Class 1, Division 1 components are
provided for safety reasons and in an intrinsically safe manner, as described in U.S.
Patent No. 5,717,564, incorporated herein by reference in its entirety. The control
system 46 is typically located in an electronics compartment 54 of the fuel dispenser
10 above the vapor barrier 50 that does not have to be provided in an intrinsically safe
housing. After the fuel exits the flow control valve 42, the fuel typically encounters
the meter 56, wherein the fuel flows though the meter 56, and the meter 56 measures
the volume and/or flow rate of the fuel. Typically, the meter 56 contains a pulser 58
e et b el dser signal 60.to the control.system 46, indicative of the volume
and/or flow rate of fuel. In this manner, the control system 46 can update the price
display 18 and the volume display 20, via a price display signal line 66 and a volume
display signal line 64, so that the customer is informed of the price to be paid for the
fuel as well as the volume of fuel dispensed.
[0052]  After the fuel exits the meter 56, the fuel is carried in additional dispenser
fuel flow piping 62, which is then coupled to a hose 14 typically located in the upper
housing or canopy of the fuel dispenser 10 and on to the nozzle 16. The control
system 46 of the fuel dispenser 10 may be coupled to an external site controller 68 via
a fuel dispenser communication network 70. The site controller 68 may be the G-
Site® or Passport® point-of-sale (POS) system, both manufactured by Gilbarco Inc.
for example. The site controller 68 communicates with the control system 46 to
authorize and control the fuel dispenser 10 activation as well as communications for

payment handing for payment media presented at the fuel dispenser 10, among other

things.

bvei-view of Secondary Containment Monitoring and Control System

[0053]  Aspreviously discussed, the present invention is a secondary containment
monitoring and control system that detects leaks and provides controls to control fuel
flow to prevent additional leaks. The control involves a vacuum actuated shear valve.
A vacuum-generating source generates a vacuum in a monitored space. If a loss of

vacuum occurs, the vacuum actuated shear valve automatically closes to cut off fuel
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ow to prevent fuel from being further supplied to the leak. An exemplary
secondarily contained fuel delivery monitoring and control system for the service
station is described below. The various components, systems and operations to
achieve the aforementioned goals are described in the context of various parts of the
monitoring and control system.
[0054]  Figure 3 illustrates an overall secondary containment system for
containing and monitoring leaks that occur in fuel-handling components in a service
station environment in accordance with the present invention. A description of the
travel path of the fuel to the fuel dispenser as it travels through the fuel-handling
components is now described. As illustrated, a fuel dispenser 10 is disclosed that
delivers fuel to a customer’s vehicle from a storage tank 72. The storage tank 72 is
typically located beneath the ground, and is also commonly referred to as an

et e stetage tank” (UST)« T he-storage tank 72 is comprised of an inner
container 74 surrounded by an outer container 76. An interstitial space 78 is formed
between the inner and outer containers 74, 76. In this manner, if a breach occurs to
the inner container 74, fuel 80 stored inside the inner container 74 will leak and be
captured inside the interstitial space 78 by the outer container 76 and prevented from
leaking to the ground if no leak exists in the outer container 76.
[0055]  In order to detect a leak or breach in either the inner or outer containers 74,
76, the interstitial space 78 is monitored to determine if a leak exists. A liquid
solution, such as brine for example, may also be placed in the interstitial space 7 8 be
used for leak detection. Alternatively, the interstitial space 78 may be placed under a
vacuum or pressure by a vacuum-generating source, like the system disclosed in the
‘534 Patent, previously referenced. The vacuum-generating source may be provided
from a siphon port 87 on a submersible turbine pump 82 as illustrated in Figure 3
disclosed in the *534 Patent, or from a separate vacuum-generating source 372 and
pressure sensor 370 combination provided separately and externally form the
submersible turbine pump 82. In the system of the *534 Patent, the system monitors
pressure variations in the interstitial space .7'8 in order to detects leaks that occur in
both the inner and outer containers 74, 76 of the storage tank 72. In this manner, if a
leak occurs in the outer container 76, the system serves as a leak prevention system,
since a leak of fuel 80 to the environment will not actually occur unless there is a leak

in the inner container 74 as well.
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dispensers 10, the submersible turbine pump 82 is typically provided. The
submersible turbine pump 82 is comprise of a head 84 containing power and control
electronics (not shown) that provide power through a riser pipe 86 down to a boom 88
inside the storage tank 72 eventually reaching a turbine pump (not shown) contained
inside an outer turbine pump housing 90. As power is applied by the electronics to
cause the turbine rotor to rotate, a pressure differential is caused between the turbine
motor housing (not shown) and the outer housing 90 to draw fuel 80 upward from the
storage tank 72 into the boom 88 and riser pipe 86 for delivery to the fuel dispensers
10. The submersible turbine pump 82 may contain a siphon 81 that allows the
submersible turbine pump 82 to generate a vacuum using the force of fuel 80 to flow
as described in the ‘534 Patent. More information on a submersible turbine pump
o T Gpkoamay be found in UlSwRatent Nos. 6,622,757, incorporated herein
by reference in its entirety.

[0057]  The riser pipe 86 may be secondarily contained with a surrounding outer
piping 94, as illustrated in Figure 3, to provide containment of leaks that may occur in
the riser pipe 86. An interstitial space 95 is formed by the space between the riser
pipe 86 and the surrounding outer piping 94. In this manner, much like the storage
tank outer container 76 and interstitial space 78, the interstitial space 95 can be
monitored for leaks. One method of monitoring for leaks is by generating a vacuum
in the interstitial space 95 using a vacuum-generating source, like that described in
U.S. Patent No. 6,997,042 (the “>042 Patent”), previously referenced. By generating
a vacuum level in the interstitial space 95 and monitoring pressure in the interstitial
space 95, a breach of either the riser pipe 86 or the surrounding outer piping 94 may
be detected since a pressure variation will occur if either is breached. The vacuum-
generating source may be provided from the siphon port 87 on the submersible
turbine pump 82, or from a separate source.

[0058] It may also be desirable to secondarily contain the submersible turbine
pump head 84 to capture and monitor leaks that may occur from the head 84. U.S:
Patent No. 7,010,961 (the “’961 Patent”), previously referenced, discloses such a
system. The head 84 is placed inside and surrounded by an enclosure or head
container 96. An interstitial space 97 is formed between the head 84 and the head
container 96. The head container 96 must contain an orifice that is sealed, but

adapted to receive the riser pipe 86 and its surrounding outer piping 94 as well as a
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main fuel p1p1ng 106 TfL a leak occurs in the submersible turbine pump head 84, the
leak will be captured inside and at the bottom of the head container 96. If monitoring
of leaks is desired, a vacuum-generating source is provided to generate a vacuum or
pressure in the interstitial space 97. Pressure variations are then monitored to
determine if there is a breach in the head 84 or the head container 96.
[0059]  The submersible turbine pump 82 and head container 96, if provided, are
typically placed inside a submersible turbine pump sump 98. The STP sump 98
serves as a holding container for the submersible turbine pump 82 under the ground
and to mount the submersible turbine pump 82 on top of the fuel storage tank 72. The
STP sump 98 contains an access port 100 so that service personnel can reach and gain
access to the submersible turbine pump 82 for repairs or maintenance.
[0060]  Although Figure 3 illustrates one fuel storage tank 72 and submersible
e BT 1, 52 vombinationy ivis understood that each grade of fuel provided at the
service station will be contained in additional fuel storage tanks 72 and pumped out
using submersible turbine pump 82 combinations. Further, two or more submersible
turbine pumps 82 may be siphoned together as disclosed in U.S. Patent No.
5,544,518, incorporated herein by reference in its entirety.
[0061]  After the fuel 80 is drawn by the submersible turbine pump 82 into the
head 84, the fuel is carried through orifices 102 and 104 through the STP sump 98 and
the head container 96 to a main fuel piping 106 that carries fuel 80 to the fuel
dispensers 10 for eventual delivery. The main fuel piping 106 is a double-walled
piping comprised of a main inner piping 108 that carries the fuel 80, surrounded bya
main outer fuel piping 110 that provides secondary containment of a main inner fuel
piping 108. The secondary containment is provided since the main fuel piping 106 is
a fuel-handling component. A main fuel piping interstitial space 111 is formed
between the main inner fuel piping 108 and the main outer fuel piping 110. Any fuel
80 that leaks from the main inner fuel piping 108 will be captured by the main outer
fuel piping 110 and rest inside the main fuel piping interstitial space 111 if the main
outer fuel piping 110 does not contain a leak, Thus, the main fuel piping interstitial
space 111 is monitored to detect leaks in both the main inner and outer fuel pipings
108, 110. A vacuum-generating source, such as the submersible turbine pump 82
using its siphon 87, or standalone vacuum-generating source may be used to generate
a vacuum or pressure in the main fuel piping interstitial space 111. Pressure

variations in the main fuel piping interstitial space 111 are monitored to detect a
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breach in either the main inner fuel piping 108 or the main outer fuel piping 110.

Such as system is disclosed in U.S. Patent Application Publication Nos. US

2004/0045343 A1; US 2005/0039518 Al; US 2005/0145016 Al; and US

2005/024711 Al, previously referenced.

[0062]  The fuel 80 is carried inside the main inner fuel piping 108 and through the

below ground fuel dispenser sump 24 via a sump orifice 112 until it reaches branch

fuel piping 114. The branch fuel piping 114 is fuel piping dedicated to an individual

fuel dispenser 10 that is coupled to the main fuel piping 106 to tap into the main fuel

supply 80 carried by the main fuel piping 106. The branch fuel piping 114 is a

double-walled fuel piping comprised of an inner and outer piping similar to that of

the main fuel piping 106 such that the branch fuel piping 114 is secondarily contained

for capture and monitor of leaks as described above. A branch fuel piping 114 is

illustrated in Figure 3, the fuel dispenser 10 is a blending fuel dispenser. Only the
high and low grades of gasoline are supplied to the fuel dispenser 10. The fuel
dispenser 10 blends the two grades of gasoline to provide intermediate grades of fuel.
[0063]  The branch fuel piping 114 carries the two grades of fuel into independent
product line shear valves 116, typically provided at the base of the fuel dispenser 10.
The product line shear valves 116 contains an internal flow path to carry the fuel 80
from the branch fuel piping 114 to internal dispenser fuel piping 118 on its way to
being dispensed through the hose 14 and nozzle 16. The product line shear valves
116 are designed to shear and close off the fuel flow path of the internal fuel dispenser
piping 118 in the event of an impact to the fuel dispenser 10. The shear valve 116
typically contains one or more poppet valves (not shown) that are designed to close
when a shear occurs as is described in U.S. Patent No. 5,527,130, previously
referenced.

[0064] In the present invention, the product line shear valves 116 are double-
walled shear valves that provide secondary containment. The product line shear valve
1.1.6 contains an internal fuel flow path formed by an inner housing (not shown),
surrounded by an outer housing, thereby forming an interstitial space (not shown)
therebetween. In this manner, a fuel 80 leak that occurs in the inner housing is
captured and contained in the outer housing similar to the other aforementioned

secondarily contained fuel-handling components. An example of a double-walled
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‘394, and ‘886 Applications, previously referenced.
[0065]  The product line shear valves 116 are designed for their interstitial space to
couple to the interstitial space of the branch fuel piping 114 when the tWo are coupled
together so that both spaces can be drawn under a vacuum and monitored as one space
or “zone.” Further, the internal dispenser fuel piping 118 may be a double-walled fuel
piping comprised of an inner dispenser fuel piping 120 surrounded by an outer
dispenser fuel piping 122. A dispenser fuel piping interstitial space 123 is formed
between the inner dispenser fuel pibing 120 and the outer dispenser fuel piping 122.
The interstitial space of the shear valve 116 and/or the branch fuel piping 114 may be
fluidly coupled to a dispenser fuel piping interstitial space 123 so that all three
interstitial spaces may be monitored as one zone and so that leaks from all three fuel-
b e womponentsare eollected togother. If the main fuel piping interstitial space
111 is fluidly coupled to the branch fuel piping interstitial space, leaks that are
captured in either the internal fuel dispenser piping 118, the product line shear valve
116, and/or the branch fuel piping 114 may be captured and returned to the storage
tank 72 via the main fuel piping interstitial space 111 if coupled to the storage tank
72. Further, leaks captured by the head container 96 and the surrounding outer piping
94 of the riser pipe 86 may be returned to the storage tank 74 as well. Such a system
is described in the *157 Application and the 161, ‘269, and ‘054 Patents, previously
referenced. In this manner, separate evacuation of the interstitial spaces may not be
necessary to save service costs.
[0066]  After the fuel 80 travels into the fuel dispenser piping interstitial space
123, the fuel eventually reaches a portion of internal fuel dispenser piping 124
coupled to the double-walled internal dispenser fuel piping 118 that is not secondarily
contained (i.e. does not contain an outer piping). The internal fuel dispenser piping
124 may be contained above the fuel dispenser sump 360 (illustrated in Figure 11)
such that leaks from the internal fuel dispenser piping 124 are captured by the
dispenser sump 360 thereby alleviating.fhe need for the internal fuel dispenser piping -
124 to need secondary containment. The fuel 80 then travels through a fuel filter
coupling 126 coupled inline to the dispenser piping 124 and through a fuel filter 128
attached to a fuel filter coupling 126. In this manner, the fuel 80 will travel through
the fuel filter 128 to filter out contaminants before reaching the hose 14 and nozzle

16. An example of a fuel filter coupling 126 and fuel filter 128 combination is
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[0067]  After the fuel 80 leaves the fuel filter 128, the individual internal fuel
dispenser pipings 124 are manifolded together for either the high, low, or blended
grade of fuel 80 to be dispensed through a single hose 14. The fuel dispenser 10
illustrated in Figure 3 is a single hose dispenser 10, but could also be a multi-hose
dispenser 10 as well. The fuel dispenser 10 illustrated in Figure 3 is also a vapor-
recovery equipped dispenser that recovers vapors through the nozzle 16 and hose 14
to return to the storage tank 72. An example of a vapor-recovery assist equipped fuel
dispenser is disclosed in U.S. Patent No. 5,042,577, incorporated herein by reference
in its entirety. The fuel dispenser 10 contains internal vapor return piping 130
coupled to a vapor flow meter 132 that measures vapor collected by the nozzle 16
wo. Tl 30 dispenceds-The-vapowrflow meter 132 may be used for in-station
diagnostics (ISD) and monitoring or control of vapor recovery, as disclosed in U.S.
Patent No. 6,622,757, incorporated herein by reference in its entirety.
[0068]  After the recovered vapor passes through the vapor flow meter 132, the
vapor then passes through an internal vapor return piping 134 internal to the fuel
dispenser 10 on the outlet side of a vapor line shear valve 117 on its way to being sent
back to the storage tank 72. The internal vapor return piping 134 is comprised of an
internal inner vapor return piping 136 surrounded by an internal outer vapor return
piping 138. An interstitial space 139 is formed between the internal inner and internal
outer vapor return piping 136, 138. In this manner, secondary containment is
provided for the internal vapor return piping 134 as well in case the internal inner
vapor return piping 136 contains a leak. Because the vapor line shear valve 117 is
also a double-walled shear valve, the internal vapor piping interstitial space 139 is
coupled to an interstitial space (not shown) of the vapor line shear valve 117 and is
returned to vapor return piping 140 located on the inlet side of the vapor line shear
valve 117, typically inside the fuel dispenser sump 24. The vapor return piping 140 is
comprised of an inner vapor return piping 142 surrounded by an outer vapor return
piping 144. A vapor return piping interstitial space 145 is formed between the inner
and outer vapor return piping 142, 144, The vapor return piping 140 is coupled to the
storage tank 72 via coupling 148. More specifically, the inner vapor return piping 142

is fluidly coupled to the ullage 150 of the storage tank 72 where vapors reside. In this
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manner, the recovered vapor 1s recombined with the vapor in the ullage 150 to prevent

vapor emissions to atmosphere. The vapors recombine and liquify into fuel 80.

[0069]  If the pressure in the storage tank 72 becomes too high or too low, a vent

allows the vapor/air mixture in the ullage 150 to either be vented to atmosphere or air

to be drawn into the ullage 150 to stabilize the pressure. A vent coupling 152 is

provided that is fluidly coupled to the ullage 150 of the storage tank 72. The vent

coupling 152 is attached to a vent pipe 153, which may be comprised of an inner vent

piping 154 surrounded by an outer vent piping 156. In this manner, any leak in the

inner vent piping 154 contains the vapors in the ullage 150 in a vent piping interstitial

space 157 formed between the inner and outer vent piping 154, 156.

[0070]  As the vapor from the ullage 150 travels through the inner vent piping 154,

the vapor will travel through an above ground vent piping 158 that is coupled to a

oot o= eoeF PR valve 166 The£/V valve 160 is designed to open when extreme
pressure conditions occur in the ullage 150 so that air is either ingested or vapor in the
ullage 150 exhausted to atmosphere to prevent the pressure in the ullage 150 from
stabilizing at extreme pressure ranges.
[0071]  Several control systems are provided in the service station illustrated in
Figure 3. The site controller 68 and a tank monitor 168 are coupled to the fuel
dispenser communication network 70. The tank monitor 168 provides tank
reconciliation by receiving information about metered fuel 80 dispensed from the fuel
dispensers 10 or site controller 68 and from tank level probes (not shown) in the
storage tank 72. The fuel dispenser 10 of the present invention contains a dispenser
sensor module (DSM) 170 that communicates with and controls certain aspects of
secondary containment monitoring and control according to the present invention.
The DSM 170 will be described in more detail below in this application starting with
Figure 11. The DSM 170 is communicatively coupled to the fuel dispenser

communication network 70 to communicate with the tank monitor 168 as will be later

described as well.

Overview of Monitoring and Control Components

[0072] Now that the overall system and fuel-handling components for fuel 80
transport from the storage tank 72 to the fuel dispensers and secondary containment
has been described, novel fuel handing, monitoring, and control components of the

present invention will now be described.
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I % L5"3] . '1[g1[1re"s 4- T& d[escrlbed below set forth various components and features of
the secondary containment monitoring and control system. Figures 13-20 describe an
embodiment of the present invention employing the components and features

described in Figures 4-12.

Vacuum-Actuated Shear Valve

[0074]  One stated goal of the present invention is to provide automatic control
and closing of the product line shear valves 116 in the event that a leak is detected. In
this manner, fuel 80 is not continuously supplied to the leak source if the leak exists in
a fuel-handling component located in the fuel flow path on the output of the product
line shear valve 116. In order to accomplish this goal, the present invention provides
for the product line shear valves 116 to be “vacuum actuated.” A vacuum-actuated

' D Las shearvalwe thatautonatically closes its internal fuel flow path when
there is a sufficient loss of vacuum because a leak is detected due to a loss of vacuum
as a result of drawing a vacuum in the interstitial space of fuel-handling components.
In the present invention, providing a vacuum-actuated shear valve that is coupled to
the interstitial space provides a convenient way to automatically close the product line
shear valve in response to a leak (i.e. loss of vacuum).
[0075]  Figure 4 illustrates one embodiment of a vacuum-actuated product line
shear valve 116 in accordance with the present invention that is designed to close the
fuel flow path internal to the product line shear valve 116 in response to a loss of
vacuum. The loss of vacuum may be caused by a leak. The product line shear valve
116 illustrated in Figure 4 is a double-walled shear valve like those described in the
€390, ‘394, and ‘886 Applications, previously referenced. As previously discussed
above, an interstitial space of fuel-handling components may be drawn under a
vacuum level, wherein a vacuum monitoring system monitors the vacuum level of the
interstitial space to detect a breach or leak, like the systems described in the ‘343,
‘518, ‘016, and ‘111 Applications, and the ‘534, ‘042, ‘961, 660, and ‘661 Patents,

“previously referenced.

[0076] Note that although the shear valve illustrated in Figure 4 can be used as
either a product line shear valve 116 or a vapor line shear valve 117, only the product
line shear valve 116 contains the vacuum actuator in the disclosed embodiment. This
is because it is only desired to close the product line shear valve 116 in response to a

leak. The vapor line shear valve 117 does not close, because the vapor return piping
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the fuel dispenser 10 to return vapors of Figure 3. If a leak were to exist ina
particular product main fuel piping 106 or internal fuel dispenser piping 118, 124 such
that a product line shear valve 116 is closed as a result, thus shutting down delivery of
that product line, the vapor return piping 106 cannot be closed since it services other
products fuel pipings 106. However, the vapor line shear valve 117 could be designed
to actuate and close automatically in response to a leak (i.e. loss of vacuum) just like
the product line shear valve 116 if desired. The product line shear valve 116 and the
vapor line shear valve 117 can be comprised of the same construction and
components so that both shear valves 116, 117 are double-walled to provide
secondary containment of leaks.
[0077] The product line shear valve 116 illustrated in Figure 4 is a double-walled
P valvedileythese described.inghe €390, <394, and ‘886 Applications, previously
referenced. The discussion below is applicable to both the product line shear valve
116, or the vapor line shear valve 117, although only the product line shear valve 116
contains the vacuum actuator. As illustrated in Figure 4, the shear valves 116, 117
accept the double-walled piping 106, 140 that is comprised of the outer piping 110,
144 surrounding the inner piping 108, 142 with the interstitial space 111, 145 formed
therebetween, as previously described in Figure 3. Fuel or vapor flows in the inner
piping 108, 142 into the shear valves 116, 117. As discussed in the *390, *394, and
‘886 Applications, the double-walled piping 106, 140 is coupled to an upstream
housing 162 that is attached to a containment housing 164 and a downstream housing
166. The upstream, containment, and downstream housings 162, 164, 166 fit together
to provide an internal fuel flow path as well as a containment housing forming an
interstitial space therebetween as disclosed in the *390, 394, and ‘886 Applications.
Providing a double-walled shear valve 116, 117 allows the interstitial space 111, 145
of the piping 106, 140 and the shear valve 116, 117 to be coupled together on the
upstream side of the shear valve 116, 117 and monitored for leaks as one space or
zone using a single vacuum-genefati.n.g source to generate a vacuum level in the
interstitial space 111, 145, as discussed in the ‘504 Application, previously
referenced.
[0078]  On the downstream side of the shear valve 116, 117, an internal fuel
dispenser piping 118, 134 that either carries fuel or vapor is coupled to the

downstream housing 166 of the shear valve 116, 117 to carry the fuel 80 or vapor to

Docket No. 2500-066-WO



WO 2006/116443 PCT/US2006/015707
o S N 3 e I
and from the hose 14 and nozzle 16 of the fuel dispenser 10. In the illustrated
embodiment, the internal dispenser piping 118, 134 is doubled-walled piping
comprised of the inner piping 120, 136 surrounded by the outer piping 122, 138 as
previously described, wherein the interstitial space 123, 139 is coupled to the
interstitial space of the shear valve 116, 117 (not shown), which is coupled in turn to
the branch piping interstitial spaces 111, 145. All of these interstitial spaces are
coupled together for leak monitoring as described in ‘504 Application, previously
referenced.
[0079] The shear valve 116, 117 is illustrated as having a latch 178 having an
arm 180 secured through the housing of the shear valve 116, 117 to a main poppet
valve (not shown) contained internal to the shear valve 116, 1117 as described in the
<390, <394, and ‘886 Applications, previously referenced. The arm 180 is spring
P11 Townward, butissheldupward by its connection to a fusible link 188 via
connection 184. If the fusible link 188 is released, the energy stored in the spring (not
shown) is released causing the arm 180 to move downward, thereby closing the main
poppet valve contained internal to the shear valve 116, 117. This closes off the flow
path inside the shear valve 116, 117 to prevent fuel 80 flow. The fusible link 188 is
designed to fail, thereby allowing the arm 180 to move downward and close the flow
path inside the shear valve 116, 117 if an extreme temperature surrounds the fusible
link 188, such as due to a fire.
[0080]  The fusible link 188 is also connected to a vacuum-actuated solenoid 186
in the case of the product line shear valve 116. The vacuum-actuated solenoid 186 in
its deactivated state applies a pulling force on the fusible link 188 to thereby apply a
pulling force on the arm 180 to keep the flow path internal to the product line shear
valve 116 open. The vacuum actuated solenoid 186 is coupled to a vacuum conduit or
tubing 176 via a fitting 190, which is in turn connected to an interstitial space fitting
174 on the external body of the product line shear valve 116. The interstitial space
fitting 174 couples the vacuum conduit 176 to the interstitial space internal to the
product line shear valve 116. As illustrated in Figure 4, the branch piping interstitial
space 111, the interstitial space of the product line shear valve 116, and the internal
fuel dispenser piping interstitial space 123 are all fluidly coupled together. Thus,
coupling the vacuum conduit 176 to the interstitial space fitting 174 couples the
yacuum conduit 176 and vacuum actuator 186 to these interstitial spaces 111, 123 for

monitoring of leaks.
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that a change in pressure or vacuum level were to occur like described in the vacuum
monitoring system of the ‘504 Application, this loss of vacuum causes the vacuum
actuated solenoid 186 to release the fusible link 188, which would in turn cause the
arm 180 to move downward and close the main poppet valve of the product line shear
valve 116. This causes the flow path internal to the product line shear valve 116 to be
closed, thereby cutting off the source of fuel 80 or vapor from continuing to be
delivered to the leak. The vacuum monitoring system can then generate an
appropriate alarm or signal to alert service personnel of the leak.
[0082] The internal fuel dispenser piping 118, 134 illustrated in Figure 4 also
contains an interstitial space port 192 that allows the interstitial space 123, 139 to be
coupled via tubing 194 to another system. This allows the interstitial space 123, 139
T saplede aseihes intorstitial space containing another fuel-handling compone:it
to allow such component to be monitored in the same zone. A loss of vacuum
generated as a result of a leak in this other interstitial space can then also control the
vacuum actuated solenoid 186 to close the flow path of the product line shear valve
116 in the event of a leak.
[0083]  Figure 5 illustrates the product line shear valve 116 in accordance with
another embodiment of the present invention similar to the embodiment in Figure 4.
Instead of the vacuum actuated solenoid 186, via the vacuum tubing 176, being
coupled to an interstitial space fitting 174 on the product line shear valve 116, the
vacuum conduit 176 is coupled to an interstitial space fitting 196 on the internal fuel
dispenser piping 118, 134. This may be advantageous over providing the interstitial
space fitting as part of the product line shear valve 116 for various reasons, or if the
interstitial space 123, 139 of the internal fuel dispenser piping 118, 134 is not coupled
to the interstitial space of the shear valves 116, 117 and/or the branch piping 111, 145.
If a separate vacuum-generating source is used to draw a vacuum in the interstitial
space 123, 139 of the internal dispenser piping 118, 134 separate from the interstitial
space of the shear valve 116 and/or branch piping interstitial spaces 111, 145, and it is
desired for the product line shear valve 116 to close due to a loss of vacuum in the
internal fuel dispenser piping 118, 134, it is necessary to couple the vacuum actuated
solenoid 186 directly to the internal dispenser piping interstitial spaces 123, 139.
[0084] Figure 6 illustrates a third embodiment of a double-walled shear valve 116,
117 that is disclosed in the ‘394 and ‘886 Applications, previously referenced. The
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I shelgr valve'] &6, 117 may“b‘e used for either the product line internal fuel dispenser

piping 118 or the internal vapor return piping 186. But, for the product line version of
the product line shear valve 116, it is fitted with the vacuum actuator 186. The
vacuum actuator 186 is coupled to the interstitial space of the shear valve 116 as
illustrated in Figure 12 of the ‘394 and ‘886 Applications. The vacuum actuator 186
is designed to apply a rotational force to a rotatable shaft 182 to open and close a
main poppet valve (not shown) inside the product line shear valve 116 that controls
the opening and closing of the flow path in response to generation or loss of a vacuum
level in the interstitial space. As discussed previously, the interstitial space of the
shear valve 116 may be coupled to the interstitial space of the internal fuel dispenser
piping interstitial space 123, or the branch fuel piping interstitial space 111. In this
manner, a loss of vacuum in either of these two interstitial spaces will cause the

o rvanimator 186+40 ciosesthe main poppet valve of the product line shear valve
116, thereby closing the flow path.
[0085]  The vacuum actuator 186 is comprised of an internal vacuum actuation
device (not shown) that retracts a vacuum actuator shaft 210 from a vacuum actuator
orifice 220 in response to generation of a sufficient vacuum level. The vacuum
actuator 186 is attached to the containment housing 164 of the product line shear
valve 116 via a vacuum actuator mounting plate 212. The vacuum actuator mounting
plate 212 contains two mounting orifices 213. A mounting bolt 214 is placed inside
one mounting orifice 213 to secure the plate 212 to the containment housing 164. The
rotatable shaft 182 that protrudes the containment housing 164 fits inside the other
oriﬁcg 213 and is secured using another bolt 206.
[0086]  The vacuum actuator shaft 210 is coupled to an attachment means 218 that
is attached to a lever 208 attached to the rotatable shaft 182. The rotatable shaft 182
is spring biased in a clockwise rotational direction. When a sufficient vacuum level is
generated, the vacuum actuator 186 pulls the vacuum actuator shaft 210 inward,
thereby causing the rotatable shaft 182 to rotate counter-clockwise. This opens the
main poppet valve inside the flow path within the product line shear valve 116 to
allow fuel 80 to flow. When the vacuum level is sufficiently lost in the interstitial
space coupled to the vacuum actuator 186, the vacuum actuator 186 moves the
vacuum actuator shaft 210 outward thereby releasing the energy in the spring biased
rotatable shaft 182, causing it to rotate clockwise. This closes the main poppet valve

inside the flow path of the product line shear valve 116, thereby cutting off fuel 80
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tlow. T{us 18 because a loss of vacuum level in the interstitial space coupled to the

vacuum actuator 186 is indicative of a leak or other condition where it is desired to
close the product line shear valve 116.

[0087]  The shear valve 116, 117 may be used as both a product line or vapor line
shear valve, but only the product line shear valve 116 contains the vacuum actuator
186 in the preferred embodiment. The double-walled shear valve 116, 117 illustrated
in Figure 6 is attached to the branch piping 106, 140 as well as the internal dispenser
piping 122, 138. The branch piping 106, 140 may include a flex connection piping
portion 221 to allow flexibility when attaching the branch piping 106, 140 to the
double-walled shear valve 116, 117 in the field. Vapor and fuel 80 flow from the
storage tank 72 travels through internal dispenser piping 122, 138 and the double-
walled shear valve 116, 117 when the main poppet valve inside the shear valve 116,
17 aonened. . The.ternal.dispenser piping 122, 138 is attached to the upstream
housing 162 of the double-walled shear valve 116, 117 via fasteners 222. The branch
fuel piping 106, 140 is attached to the upstream housing 162 of the shear valve 116,
117 via fasteners 200 that are fitted into orifices 205 and secured tightly via bolts 202.

Shear Valve Actuation

[0088] At this point, a product line shear valve 116 has been discussed that is
designed to close due to a loss of vacuum in a space coupled to the vacuum conduit
176. Figure 7 illustrates a system and method of automatically closing the flow path
of the product line shear valve 116 in response to other conditions as well where
automatic closing of the product line shear valve 116 is desired. These other
conditions include detection of a leak collected at the bottom of the fuel dispenser
sump 24, selecting a service setting, and/or the closing of a filter interlock to change
the filter 128 in the fuel dispenser 10 in order to provide an automatic safety
mechanism when changing the filter 128.

[0089]  Asillustrated in Figure 7, the double-walled product line shear valve 116
is shown as receiving the branch ﬁi'ping 106, 140 that runs into and inside the fuel
dispenser sump 24 as illustrated previously in Figure 3. The product line shear valve
116 contains the vacuum controlled solenoid 186, like that illustrated in Figures 4-6,
such that the product line shear valve 116 will close in response to a loss of vacuum in
the vacuum conduit 176 coupled to an interstitial space drawn under a vacuum, as

previously described. The product line shear valve 116 is typically mounted to a
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mounting rod (not shown) located above the fuel dispenser sump 24, wherein the

mounting rod is connected to the mounting bosses 170, 172 of the product line shear

valve 116. The mounting rod is typically located at the top of the fuel dispenser sump

24 or in close proximity.

Dispenser Sump Leak Detector / Float Switch

[0090]  Another aspect of the present invention is to provide a system and method
wherein the product line shear valve 116 automatically closes its flow path in
response to a leak in the fuel dispenser sump 24 in addition to the internal fuel
dispenser piping 118. This is because a leak detected in the fuel dispenser sump 24 is
aresult of a leak of a fuel-handling component. In order to provide this feature, the
dispenser sump 24 is designed to trigger a loss of vacuum at the vacuum actuated

- a4 8h-of thie produst:line shear valve 116 as follows.
[0091]  Asillustrated in Figure 7, a float 234 is provided in the bottom of the fuel
dispenser sump 24 to detect leaks. Any leaks that occur in the main fuel piping 106
will collect at the bottom of the fuel dispenser sump 24 due to gravity. As the volume
of the leak increases in the bottom of the fuel dispenser sump 24, the leak will cause
the float 234 to rise. As the float 234 rises, the float 234 will push upward on a shaft
236 that is coupled to the float 234 and is also coupled to a float valve 238 that acts as
a switch. The float valve 238 is coupled to the interstitial space that is coupled to the
vacuum conduit 176 via a conduit 250 via connector 246, described in more detail
below. As the shaft 236 is raised by the float 234 as the result of a captured leak, the
shaft 236 will cause the float valve 238 to open a vent 240 to atmosphere thereby
allowing air into the conduit 250 coupled to the float valve 238 and introducing a loss
in vacuum in the conduit 250 and eventually the vacuum conduit 176. Because the
vacuum conduit 176 is coupled to the vacuum actuator 186, the loss of vacuum will
automatically cause the product line shear valve 116 to close.
[0092]  Optionally, the conduit 250 may also be coupled to an interstitial space
232 of the fuel dispenser sump 24 via an interstitial space fitting 242 “and conduit 244,
A vacuum-generating source (not shown) that generates a vacuum in the interstitial
space 27 of the fuel dispenser sump 24 creates a vacuum in the conduit 244, that is
coupled to the conduit 250 via float valve 238, and eventually the vacuum conduit
176 connected to the vacuum actuator 186. Note that although the shear valve 116

illustrated in Figure 7 resembles the shear valve embodiments of Figures 4-5, shear
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186. Note that the vacuum conduit 176 can be connected to other interstitial spaces,
including those illustrated in Figures 4-6. In this manner, a loss of vacuum due to a
leak in the fuel dispenser sump interstitial space 27 will also cause a loss of vacuum to
trigger the closing of the shear valve 116, 117 as well.
[0093] The flowchart in Figure 8 illustrates the process whereby the product line
shear valve 116 automatically closes in response to a leak in the fuel dispenser sump
24. The process starts (block 300), and the service switch 248 is set to the “RUN”
setting 256 (block 302). Thereafter, a vacuum is drawn inside the vacuum conduit
176 using a vacuum-generating source (block 304). The vacuum conduit 176 may be
connected to the interstitial space of one or more fuel-handling components as
previously described above. The vacuum-generating source continues to draw a
< vakn neth T vaciunicondiit 176 until it a sufficient vacuum level is present tn.
actuate the vacuum actuator 186 (decision 306). The vacuum actuator 186 is designed
to respond to a vacuum level that is also sufficient to be indicative of the lack of a
leak in a fuel-handling component’s interstitial space coupled to the vacuum actuator
186. Once the vacuum level is sufficient in the vacuum conduit 176 (decision 306),
the vacuum actuator 186 applies a pulling force on the latch 178 of the shear valve
116, 1117 to open the main poppet valve inside the flow path of the product line shear
valve 116, 117 and to keep it open (block 308).
[0094]  Thereafter, the system remains operational and the product line shear valve
116 open until a loss of vacuum occurs. The loss of vacuum may occur due to a leak
in interstitial space coupled to the vacuum actuator 186 or a leak in the fuel dispenser
sump 24. If there is a leak in the fuel dispenser sump 24, the float 234 will rise and
eventually cause the vent 240 to open, thereby allowing air into the vacuum conduit
176 that is coupled to the vacuum actuator 186 (decision 310). Once a vacuum loss
oceurs, the vacuum actuator 186 causes the flow path of the shear valve 116, 117 to
close (block 312). A communication line 243 is coupled between the float valve 238
and the tank monitor 168 so that an opening of vent 240 causes a signal to be sent to
the tank monitor 168 to inform the tank monitor 168 that a leak has occurred in the
fuel dispenser sump 24 (block 314). The tank monitor 168 can generate the
appropriate notification or alarm to alert service personnel either on-site or remotely

(block 316). The tank monitor 168 may, in response to the leak, cause the
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supplied to the leak (block 318). Thereafter, the process ends (block 320).

Service Switch
[0095] Another aspect of the present invention takes advantage of the vacuum-
actuated shear valve 116 to divert the shear valve 116 to automatically close in
response to a servicing of the fuel dispenser 10 by service personnel as a safety
precaution. In this manner, the main fuel pipings 106 are depressurized automatically
without service personnel having to manually close the product line shear valves 116
when servicing fuel-handling components.
[0096] The system is designed so that when a loss of vacuum occurs in the
conduit 244, a loss of vacuum also occurs in the conduit 250 coupled to a service
oireh Yds that.controls-the.operation of the system of the present invention. Thw
service switch 248 has a lever 254 that controls the operation of the service switch
248. When the service switch lever 254 is set to the “RUN” position 256, the conduit
250 and the conduit 264 are coupled to each other so that a loss of vacuum that occurs
in the conduit 250 is communicated to conduit 264. Since conduit 264 is coupled to
the vacuum conduit 176 of the vacuum actuator 186 on the product line shear valve
116, any loss of vacuum in the conduit 264 will cause the product line shear valve 116
to close as previously discussed.
[0097]  The service switch 248 also has a “SERVICE” setting 258 that service
personnel can switch the lever 254 to for servicing the fuel dispenser 10. When
service personnel services the fuel dispenser 10, they are supposed to manually
release the latch 178 from the fusible link 188 to close the product line shear valve
116 so that the fuel-handling components and piping inside the fuel dispenser 10 are
depressurized for safety reasons. However, this safety feature relies on manual
intervention by service personnel that if not remembered and taken, can introduce
human error that can lead to pressurized fuel 80 spilling onto service personnel when
servicing the fuel dispenser 10. When the service is complete, the service personnel is
supposed to reset the latch 178 on the product line shear valve 116 to again connect it
to the fusible link 188 to open the product line shear valve 116 for normal operation.
Therefore, since the present invention provides a method of automatically closing the
product line shear valve 116 due to a loss of vacuum, the service switch 248 can be

designed so that the lever 254 being set to the “SERVICE” setting 258 causes a loss
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vacuum actuator 186. In this manner, the product line shear valve 116 will
automatically close when the fuel dispenser 10 is being serviced after the “SERVICE”
setting 258 is selected. .
[0098] In this regard, the service switch 248 contains a vent 252 that opens to
allow air in when the lever 254 is switched to the “SERVICE” setting 258. This in
turn causes air to come into the service switch 258 and into the conduit 264, which
causes a loss of vacuum in the vacuum conduit 176 and actuates the vacuum actuator
186 to close the product line shear valve 116. When the service switch 248 is set back
to the “RUN” setting 258, thereby closing vent 252, and when a sufficient vacuum
level is applied to the vacuum conduit 176 via a vacuum-generating source, the
vacuum level will cause the vacuum actuator 186 to automatically open the flow path
-F e produeidinesshear valve 116. Thus, when a service person is finished servicing
the dispenser, service personnel do not have to reset the product line shear valve 116.
The product line shear valve 116 automatically resets to the open position when a
sufficient vacuum level is once again established (i.e. no leak).
[0099] In the flowchart of Figure 9, the process is illustrated whereby the product
line shear valve 116 closes in response to the service switch 248 being set to a
“SERVICE” setting so that the internal fuel dispenser piping 124 carrying the fuel 80
to the fuel filter 128 is depressurized as previously discussed. The process starts the
same as described in Figure 8 between blocks 300-308. After step 308 is performed
in Figure 8, the process goes to block 330 in Figure 9 where the service switch 248 is
set to the “SERVICE” setting 258. Thereafter, the vent 252 is opened to allow air to
come into the conduit 264 that causes a loss of vacuum in the vacuum conduit 176
(block 332) and causes the vacuum actuator 186 to close the product line shear valve
116 (block 334). Thereafter, the internal fuel dispenser pipings 124 are depressurized
due to the closing of the flow path in the product shear valve 116 (block 336). The
service switch 248 may also activate a signal to be sent over communication line 249
coupled to the tank monitor\168'to alert the tank monitor 168 that the “SERVICE”
setting 258 has been selected and that the product line shear valve 116 has been
closed as a result (block 338). Thereafter, the tank monitor 168 may shut down the
STP 82 if so configured, so that the main fuel piping 106 on the inlet side of the
product line shear valve 116 is depressurized as well (block 340). The process

returns to block 302 in Figure 8 whenever the service switch 248 is set back to the
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Filter Interlock

[00100] Another aspect of the present invention takes advantage of the vacuum-
actuated product line shear valve 116 to provide the automatic closing of the product
line shear valve 116 in response to servicing of the fuel filter 128 in the fuel dispenser
10. In this manner, service personnel do not have to manually close the product line
shear valves 116 to depressurize the main fuel piping 106 when changing the fuel
filter 128 as a safety feature.

[00101] The fuel dispenser 10 typically contains a replaceable fuel filter 128 inline
to each internal fuel dispenser piping 124 to prevent contaminants from entering the
et Hnw ragter59.and pussing on to a customer’s vehicle, as is well known. Qver
time, service personnel must remove and replace the fuel filter 128 with a new filter in
order to prevent the fuel filter 128 from becoming clogged and blocking the flow of
fuel 80 through the fuel dispenser 10. Because the fuel filter 124 is coupled inline to
the fuel delivery piping 124 of a fuel dispenser 10, the fuel 80 inside the fuel filter 128
and the piping 124 entering and leaving the filter is pressurized, thereby causing the
potential of the fuel 80 to squirt out onto the service personnel when the fuel filter 128
is removed. Therefore, since the present invention provides a method and system of
automatically closing the product line shear valve 116 in response to a vacuum loss,
the present invention can also be designed to cause a vacuurﬁ loss in the vacuum
conduit 176 and to the vacuum actuator 186 to close the flow path of the product line
shear valve 116 in response to the removal of a fuel filter 128 in the fuel dispenser 10.
In this manner, the internal fuel dispenser piping 124 is depressurized by closing off
the STP 82 pump force from the fuel filter 128 by the closing of the product line shear
valve 116.

[00102] Turning again to Figure 7, the conduit 264 is coupled to the vacuum
conduit 176 and conduit 266 through use of a T-style fitting 260 and cb'nnectors 246.
Therefore, a loss in vacuum in conduit 266 will also cause a loss in vacuum in the
vacuum conduit 176, which will in turn cause the vacuum actuator 186 to close the
shear valve 116 as previously described. The conduit 266 is run outside of the fuel
dispenser sump 24 up into the fuel dispenser 10 and into an interlock valve 268 that is

coupled to fuel filter coupling 126 via fitting 272. A vent 270 is coupled to the
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can be designed so that in order for service personnel to remove the fuel filter 128, the
interlock valve 268 must be opened. When the interlock valve 268 is opened (or
closed depending on the design), a vent 270 is opened, thereby allowing air to enter
inside the conduit 266. This in turn causes a loss of vacuum in conduit 264, which
also causes a loss of vacuum in the vacuum conduit 176. The vacuum actuator 186
closes the product line shear valve 116 in response. Therefore, when the fuel filter
128 is to be changed, the automatic closing of the product line shear valve 116
automatically depressurizes the internal fuel dispenser piping 124 coupled to the fuel
filter 128 as well as the fuel 80 trapped inside the internal fuel piping 124, before it
can be removed, thereby preventing the fuel from squirting onto service personnel due
to the pressure build-up.
f661031  Iu the ficwehart of Figure 10, the process is illustrated whereby the
product line shear valve 116 closes in response to the interlock valve 268 being closed
or opened. When the vent 270 is opened, a loss of vacuum occurs in the vacuum
conduit 176, thereby causing the vacuum actuator 186 to automatically close the
product line shear valve 116 in response as a safety measure. The process is the same
as described in Figure 8 between blocks 300-308. After step 308 is performed in
Figure 8, the process goes to block 350 in Figure 10, where the vent 270 is opened in
response to an activation of the interlock valve 268 either manually or by a service
personnel attempting to remove a fuel filter 128 inside the fuel dispenser 10. The
opening of vent 270 allows air to come into the conduit 246 causing a loss of vacuum
in the vacuum conduit 176 ,thus causing the vacuum actuator 186 to close the product
shear valve 116 (block 352). Thereafter, the internal fuel dispenser piping 124 is
depressurized due to the closing of the product line shear valve 116 (block 354).
Service personnel can then replace the fuel filter 128 with a new filter without fear of
pressurized fuel being present in the internal fuel dispenser piping 124. After the fuel
filter 128 is replaced, the interlock valve 268 is reset to close vent 270 (block 356).
This allows a vacuum level to be regenerated in the vacuum conduit 176 in order to
cause the vacuum actuator 186 to eventually open the product line shear valve 116.
The process returns to block 302 in Figure 8 whenever the service switch 248 is set to

the “RUN” setting 256 for normal operation.
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penser Sumps

[00104] The present invention also involves the use of an in-dispenser sump or
containment pan 360 as an alternative or supplement to the below ground fuel
dispenser sump 24, as illustrated in Figures 3 and 11. In this manner, any leaks that
occur in fuel-handling components located above the in-dispenser sump 360 are
captured. The in-dispenser sump 360 may be used to effectively provide secondary
containment for capturing leaks for fuel-handling components internal to the fuel
dispenser 10 where providing of secondary containment in other methods is not
possible or impracticable for space and/or cost reasons. In the illustrated
embodiment, the in-dispenser sump 360 is comprised of a main plate 362 that runs
across the width of the fuel dispenser 10. The main plate 362 contains protruding
edges that tilt upward on the far ends of the main plate 362 to capture leaks that occur
2bove e main-piaie-36z. The main plate 362 is slanted upward on both sid=s, of it -
center so that when a leak is captured by the main plate 362, gravity will pull and
collect the leak in the center of the main plate 362.

[00105] The main plate 362 contains orifices 373 for the internal fuel dispenser
piping 118, 134 to run through the main plate 362 to other components of the fuel
dispenser 10 above the plate 362. The piping 118, 134 are sealed around the orifice
373 with a potting or epoxy compound typically. In this manner, any leaked fuel
captured by the main plate 362 will gravitate and pool up in the center of the main
plate 362 without leaking through the orifice 373. A low level liquid sensor 366 is
placed proximate to the center of the main plate 362, and preferably in a trough or
catchment container 374 either coupled to the main plate 362 or integrally formed into
the main plate 362, at the lowest level to detect any presence of leaked fuel 80. A
high level liquid sensor 367 is placed similarly, but at a designated liquid level to only
detect when leaks accumulate to a certain defined liquid level in the in-dispenser
sump 360 as a redundancy sensor in case the low level liquid sensor 366 fails. Both
the low level liquid sensor 366 and the high liquid level sensor 367 are
communicatively coupled to the DSM 170 via communication lines 369 so that such
leaks are detected and communicated to the DSM 170. The DSM 170 provides for
controlling the secondary containment of the fuel dispenser 10 in the service station as
will be described below in this application.

[00106] Because the main plate 362 acts to capture leaks, the main plate 362 may

also be secondarily contained in case the main plate 362 is breached or contains a leak
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dispenser sump 360 is comprised of a double-walled plate structure. The main plate
362 is supported by an outer, secondary plate 364. An interstitial space 365 is formed
by the space between the main plate 362 and the secondary plate 364. In this manner,
the interstitial space 365 will hold any leaks that occur as a result of a breach or leak
in the main plate 362 when a leak has occurred in a fuel-handling component located
above the main plate 362. Because of the interstitial space 365 provided, this
interstitial space 365 can be monitored for leaks or breaches using a vacuum-
generating source, just as previously described above for the below ground fuel
dispenser sump 24 and other fuel-handling components. Further, if the interstitial
space 365 of the in-dispenser sump 360 is fluidly coupled to the vacuum conduit 176
that is connected to the vacuum actuator 186 of the product line shear valve 116 as
blusireted.in Figuse 7, a leak in the in-dispenser sump 360 will cause a loss.of vacurm
that will cause the product line shear valve 116 to automatically close, thereby
preventing more fuel 80 from reaching the leaky fuel-handling component that is
causing the leak captured by the main plate 362.

[00107] An interstitial liquid sensor 368 may also be fluidly coupled to the
dispenser sump interstitial space 365 to detect leaks in the interstitial space 365. Ifa
leak is detected, a signal will be communicated to the DSM 170. The DSM 170 can
in turn control devices that are designed to cause a loss of vacuum at the vacuum
actuator 186 to cause the product line shear valve 116 to close automatically.
[00108] Ifa below ground fuel dispenser sump 24 is provided as an alternative to
the in-dispenser sump 360, the below ground fuel dispenser sump 24 may also be
fitted with the interstitial liquid sensor 368 that is fluidly coupled to its interstitial
space 27 so that a breach of the inner container 26 of the below ground fuel dispenser
sump 24 will also cause a signal to be generated to the DSM 170. Again, the DSM
170 can cause a loss of vacuum at the vacuum actuator 186 to automatically close the
product line shear valve 116. As an alternative, a brine solution may be used to fill
the interstitial space 27 using a brine sensor (not shown) to detect a leak in the below
ground fuel dispenser sump 24. Further, this embodiment may be used for customers
that do not employ fuel dispensers 10 containing an in-dispenser sump 360, but rather

a below ground fuel dispenser sump 24.
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[00109] Figure 12 illustrates more detail of the secondary containment monitoring

and control system for the in-dispenser sump interstitial space 365 and internal fuel
dispenser piping interstitial spaces 123, 139 to detect leaks, as described above. As
illustrated, the DSM 170 provides various interfaces to components used to monitor
and detect leaks as will be described in more detail throughout the remainder of this
application. Some of these features are described generally below with respect to
Figure 12. The remaining figures and descriptions that follow describe these features

and functions in more detail.

Leak Sensors
[00110] As illustrated in Figure 12, the DSM 170 contains a pressure transducer

- s§n ihatds fluidly-woupled to the interstitial liquid sensor 368 and the in-dispenser
sump interstitial space 365. Thus, when a leaks occurs in the in-dispenser sump
interstitial space 365, either a liquid leak is detected by the interstitial liquid sensor
368, or pressure variations due to loss of vacuum are detected by the pressure
transducer 386. In either case, this condition is communicated to DSM 170 for
processing and providing control, including causing the vacuum actuator 186 to lose
vacuum and close the product line shear valve 116 as a result, which will be described

below.

End-of-Zone Sensors
[00111] End-of-zone or end-of-line sensors (VS1) 376, 381 that are fluidly coupled

to ends of the interstitial spaces or lines of the internal fuel dispenser and vapor piping

interstitial spaces 123, 139 may also be provided via ports 379, 383. If the end-of-
zone sensors 376, 381 do not detect a sufficient vacuum level present in these
interstitial spaces 123, 139 when a vacuum-generating source is applied, this is an
indication of either a leak or blockage in the interstitial spaces 123, 139. If a blockage
exists in the interstitial space 123, 139, pressure variations may fiot be detectable by
the end-of-zone sensors 376, 381 since the sensors 376, 381 are closed off from
vacuum generated in the interstitial spaces 123, 139. The end-of-zone sensors 376,
381 provide signals to the DSM 170 to allow this condition to be detected for proper

operation of the system.
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[00112] Because a vacuum-generating source applies a vacuum to the internal fuel

dispenser piping interstitial spaces 123, 139, this same vacuum-generating source can
also be used to apply a vacuum to the in-dispenser sump interstitial space 365 or
below ground fuel dispenser sump interstitial space 27 for monitoring of leaks as well
as a convenience. In this manner, a separate vacuum-generating source is not
required to draw a vacuum level in the fuel dispenser sump interstitial spaces 27, 365
for monitoring of leaks. This is particularly beneficial if an in-dispenser sump 360 is
used in the dispenser 10, as illustrated in Figure 12, is because the in-dispenser sump
360 is located in relatively close proximity to the internal fuel dispenser piping 118.
[00113] Two of the end-of-zone sensors 376 for the product piping interstitial
spaces 123 are fluidly coupled to latching valves 380A, 380B (CV-1A, CV-1B),
which are both.fuidly coupled to the pressure transducer 386, the interstitial liguid
sensor 368 and the in-dispenser sump interstitial space 365. Note that both Product A
and Product B’s interstitial space 123 is fluidly coupled to the in-dispenser sump
interstitial space 365 via the latching valves 380A, 380B. In this manner, a vacuum-
generating source applying a vacuum to either Product A or Product B’s interstitial
space 123 can be used to also generate a vacuum level in the in-dispenser sump
interstitial space 365. The in-dispenser sump interstitial space 365 is only fluidly
coupled to one of the product’s interstitial spaces 123 at a time since the latching
valves 380A, 380B are controlled for only one to open at a time. In this manner, if
the vacuum-generating source cannot maintain a vacuum level in a particular product
piping’s interstitial space 123 due to a leak in that product’s internal fuel dispenser
piping 118, the latching valve 380A, 380B opening can be switched so that the in-
dispenser sump interstitial space 365 can be drawn under a vacuum from another
product’s interstitial space 123. This system provides a redundancy for the vacuum
source to the in-dispenser sump interstitial space 365 so that it can be continued to be
monitored for leaks, even if one of the internal fuel dispenser product lines 118
contains a leak sufficient for a loss of vacuum to occur to prevent its vacuum level
from being able to properly generate a vacuum level in the in-dispenser interstitial
space 365.

[00114] Note that a redundant system is not required for the present invention.
Only one product line’s interstitial space 123 may be coupled to the in-dispenser

sump interstitial space 365. Further, more than two product lines’ interstitial spaces
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redundancy is desired. In this case, another latching valve 388 would be provided for
the extra interstitial space 123 sources so that only one is coupled to the in-dispenser
sump interstitial space 365 to generate a vacuum level for leak monitoring at one
time.

[00115] Also, note that the product line interstitial space 123 may be fluidly
coupled to the below ground fuel dispenser sump 24, and in particularly its interstitial
space 27 (as illustrated in Figure 1) in a similar manner to use the same vacuum-
generating source to draw a vacuum in the fuel dispenser product lines 118 and the

below ground fuel dispenser sump interstitial space 27 as well.

Vacuum Actuator Shear Valve Control

qU118Y . The.DSI 170 controls a pilot control valve (CV-3) 390 in orde: to

pneumatically control the opening and closing of the product line shear valves 116 via
control of the vacuum actuators 186. The pilot control valve 390 is activated to
couple a vacuum from the dispenser product level 118 that is also coupled to the fuel
dispenser sump 24, 360 to generate a vacuum level in the dispenser sump interstitial
spaces 37, 356. Thus, if the pilot control valve 390 couples the vacuum level to the
vacuum actuator 186, the product line shear valves 116 will be open. The vacuum
actuators 186 and their control of the product line shear valves 116 was previously
described in detail with regard to Figures 4-6. If the DSM 170, through its
components, detects a leak or breach in the secondary containment systems, including
the internal fuel dispenser piping 118, 134, or the in-dispenser sump 360 or below
ground fuel dispenser sump 24, the DSM 170 causes the pilot valve 390 to
pneumatically cause a loss of vacuum to be applied to the vacuum actuators 186 on
the product line shear valves 116 to close the shear valves 116 as well be described in

more detail below and illustrated in Figure 13.

Exemplary Secondary Containment Monitoring and Control System
Architecture and Operation

[00117] Now that monitoring and control components of the secondary monitoring
and control system have been described in general, the application now describes the

operation of the system in more detail with respect to a preferred embodiment.
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monitoring system according to the preferred embodiment present invention.

DSM Package
[00118] As an introduction to the control module for the secondary containment

and monitoring system according to one embodiment, Figure 13 illustrates the DSM
170 package and its various ports and interfaces to provide the secondary containment
monitoring and control system in accordance with one embodiment of the present
invention. These interfaces and functions will be described in more detail below.
However, these elements are briefly introduced herein with respect to Figure 12.
[00119] The DSM 170 contains the necessary hardware and electronics related to
the secondary containment and monitoring system for individual fuel dispensers 10 in
i Systor. D82 170 is provided for each fuel dispenser 10. The DSIZ 178 i
provided in an enclosure that resides in the hydraulics cabinet of the fuel dispenser 10
or underneath the below ground fuel dispenser sump 24. These areas are Class 1,
Division 1 areas requiring intrinsically safe connections. The enclosure is sealed from
environmental conditions, such as water, fuel, oil, and vapors. The enclosure
provides connections for the electrical and pneumatic components and accessories to
provide the secondary containment monitoring and control system as described
herein.
[00120] Asillustrated in Figures 12 and 13, the DSM 170 contains ports 379, 383
to couple to the internal fuel dispenser piping interstitial spaces 123, 139, or more
generally the fuel dispenser piping 118 and the vapor return piping 134. The ports
379, 383 may be designed to connect to % inch vacuum tube with a 7/16”-20 SAE
threaded fitting to connect the ports 379, 383 to couple the interstitial spaces of the
product lines 123 and the vapor line 139 for example. The ports 379, 383 can either
be molded, machined, bonded, or ultrasonically welded to the DSM 170
[00121] As previously described above, the DSM 170 coupling to the interstitial
spaces of the product lines 123 and vapor line 139 allows the DSM 170 to couple the
pressure transducer 368 to these spaces for detection of a leak via pressure variation
monitoring as previously described and illustrated in Figure 12. A similar port 400 is
provided to the couple the pressure transducer 368 to the dispenser sump interstitial
space 365 for monitoring the in-dispenser sump 360 for leaks as well, as previously

described and illustrated in Figure 12.
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P 6[01225 E "ILMLS 394 ggéﬁm}ya%:;re provided for the DSM 170 to interface to the
interstitial liquid sensor 368 and the in-dispenser sump low level liquid sensor 366
and below ground fuel dispenser liquid sensor 234 (the float) to detect liquid leaks in
the fuel-handling components as previously discussed and illustrated in Figure 11.
These ports allow the DSM 170 to detect a liquid leak in either the interstitial space
365, 27 of the dispenser sumps, or their inner containers 362, 26 as part of the contro]
system 46.

[00123] The DSM 170 contains an interface to the tank monitor 168. Some of the
decision making and logic of the control system may reside in the tank monitor 168 as
opposed to the DSM 170, as well be discussed below. For connections between the
DSM 170 and components in the fuel dispenser 10, including power and status, an IS
barrier connection 406 is provided on the DSM 170. Since the DSM 170 is obtaining
“oeowe fome ii-fiel dispenser 10 for some of its components, the DSM 770 st
interface through an IS barrier of the fuel dispenser 10 into a protected Class 1,
Division 1 area. The DSM 170 also contains a port 402 for other connections to door
switches and the in-dispenser sump low level liquid sensor 366, which are used by the
DSM 170 to actuate the product line shear valves 116 to close among other conditions
when activated.
[00124] A reset button 408 is provided to reset the electronic controllers (e.g.
microcontrollers) inside the DSM 170 in case of a hardware hang-up. The reset
button 408 may be a SPST momentary “on” type switch, such that the amount of time

the switch is depressed will not effect operations or control by the DSM 170.

Circuit Diagram

[00125] Figure 14 contains an overall view and illustration of the circuit diagram of
the secondary containment monitoring and control system according to the preferred
embodiment present invention. Several of the control and monitoring components are
disclosed which provide electronic control of certain features and functions described
below. In this embodiment, the DSM 170 consists of two disﬁnc"ély powered portions
indicated as the “Dispenser-Powered Portion” 410 and the “TLS Powered Portion”
411. The “TLS” is the tank monitor 168. The “Dispenser-Powered Portion” 410
contains a dispenser-powered microcontroller 412 on a printed circuit board (PCB) to

provide a means to accept power from a source other than the tank monitor 168. The
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"‘ﬁgst m‘ul:ro“ccl)lllt‘rgﬂer 417 recie‘{ves power from the fue] dispenser 10 through an

intrinsically safe connection (illustrated in Figure 16).

[00126] One function of the dispenser-powered microcontroller 412 is to interface
with the 3-way solenoid pilot control valve (CV-3) 390 (previously illustrated and
discussed in Figure 12) to communicate with and control the vacuum actuators 186 to
close the product line shear valves 116 according to designed logic conditions being
present. More details on the pneumatic operation of the pilot control valve 390 and its
communication to the vacuum actuators 178 is described later below and illustrated in
Figure 15. Control of the pilot control valve 390 is one of the more critical functions
since this valve controls the vacuum actuators 178 that control the closing of the
product line shear valves 116 in response to a leak or other condition where closing
the product line shear valves 116 is desired. These conditions are described in more
tetail Lelevim - < -

[00127] The dispenser-powered microcontroller 412 accepts as inputs, dispenser
door switches 422, 424, the reset switch 408, and the in-dispenser sump low liquid
level sensor 366, as illustrated in Figure 14. If the dispenser-powered microcontroller
412 receives a signal from one of the dispenser door switches 422, 424, which
indicates that a fuel dispenser 10 cabinet door 23 (illustrated in Figures 1 and 3) has
been opened, the microcontroller 412 instructs the pilot control valve 390 to
communicate with the vacuum actuators 186 to close the product line shear valves
116 as a safety precaution. There is typically one door switch 422, 424 per fuel
dispenser door. There are typically two doors 23 per fuel dispenser 10; one on each
side of the fuel dispenser 10. The door switches 422, 424 are coupled to the
dispenser-powered microcontroller 412 as opposed to a tank monitor-powered
microcontroller 413 so that the pilot control valve 390 can continue to be controlled
by the dispenser-powered microcontroller 412 if the tank monitor 168 loses power or
otherwise malfunctions. The status of the door switches 422, 424 will also be
communicated from the dispenser-powered microcontroller 412 to the tank monitor
168. This provides a status to the tank monitor 168 to indicate that the product line
shear valves 116 have been closed due to the cabinet door 23 opening.

[00128] If the dispenser-powered microcontroller 412 receives a signal from the in-
dispenser sump low level liquid switch 366 indicating that a leak is present above the
main leak plate 362, the microcontroller 412 instructs the pilot control valve 390 to

communicate with the vacuum actuators 186 pneumatically to cause a loss of vacuum
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to prevent fuel 80 from being further supplied to the source of the leak. The in-
dispenser low liquid level sensor 366 is coupled to the dispenser-powered
microcontroller 412 so that the in-dispenser sump 360 is continuously monitored
regardless of the status of the tank monitor 168. In this manner, if the tank monitor
168 loses power or malfunctions in any other capacity, the in-dispenser sump 360
continues to be monitored for leaks since it is powered by the dispenser-powered
microcontroller 412 rather than the tank-monitor powered microcontroller 413.
The “Dispenser-Powered Portion” 410 of the DSM 170, and in particular the
dispenser-powered microcontroller 412, communicates information to the fuel
dispenser 10 via interface electronics 420 coupled to optic-couplers 464 to a dispenser
IS barrier 466. As discussed in Figure 16 below, status information may be
Surunuuicated from the dispenser-powered microcontroller 412 to the fucl dispenser
10 regarding the secondary containment monitoring and control system through the
dispenser IS barrier 466.
[00129] The dispenser-powered microcontroller 412 also communicates and
receives information to a second portion of the DSM 170 labeled the “TLS Powered
Portion” 411 through optic-couplers 414, 416 to a second, tank monitor-powered
microcontroller 413. The tank monitor-powered microcontroller 413 is provided as
part of a second PCB in the DSM 170 that receives inputs from the below ground
dispenser sump low level liquid switch 234, the in-dispenser sump high level liquid
sensor 367, and the interstitial liquid level switch 368. The tank-monitor powered
microcontroller 413 communicates with the tank monitor 168 via interface electronics
418 using a protocol, such as the Veeder-Root Smart Sensor protocol for example. If
any of these switches or sensors indicates a leak in any monitored interstitial space of
a fuel-handling component or liquid in the fuel dispenser sump 24, 360, the status is
communicated to the tank monitor 168. The logic of the tank monitor 168 can direct
the dispenser-powered microcontroller 412 to close the pilot control valve 390, which
in turn causes a loss of vacuum that will cause vacuum actuators 186 to close the
product line shear valves 116 if any of these switches indicates a leak.
[00130] The tank monitor 168 continuously updates a pilot control valve 390 open
signal and sends this signal to the dispenser-powered microcontroller 412 via the tank
monitor-powered microcontroller 413. The tank monitor 168 must continue to update

the pilot control 390 valve open signal in order for the dispenser-powered

Docket No. 2500-066-WO



L

WO 2006/116443 PCT/US2006/015707
mycrocﬂolrll’lcrlgh[&}alr["ﬂi’z t'i) I"fkeé;) Eq;:nlot control valve 390 opened to in turn keep the
product line shear valves 116 opened. The dispenser-powered microcontroller 412
contains a timeout circuit to ensure that the pilot control valve 390 status signal is
received by the tank monitor 168 with a specified period. If either the below ground
dispenser sump low level liquid switch 234, the in-dispenser sump high level liquid
switch 367, or the interstitial liquid level sensor 368 indicate a leak, the tank monitor
168 will not send an updated pilot control valve 390 open signal. This will cause the
dispenser-powered microcontroller 412 to timeout waiting for the pilot control valve
390 open signal and in response close the pilot control valve 390 thereby causing a
loss of vacuum at the vacuum actuators 178. This will in turn cause the product line
shear valves 116 to close. Further, because of this timeout design, any loss of power

or malfunction in the tank monitor 168 that prevents the tank monitor 168 from

sonding ot ar updated pilot control valve 390 open signal which il ~avse the e metn

dispenser-powered microcontroller 412 to close the pilot control valve 390 to cause
the loss of vacuum to in turn close the product line shear valves 116 as a safety
precaution.

[00131] Because control of the pilot control valve 390 is critical in the secondary
containment and monitoring system, it was designed for the dispenser-powered
microcontroller 412 rather than the tank monitor-powered microcontroller 413 to
control the pilot control valve 390. In this manner, if the tank monitor 168 loses
power or otherwise malfunctions, the dispenser-powered microcontroller 412, by
being independently powered, can close the pilot control valve 390 to in turn close the
product line shear valves 116 even if the tank monitor 168 malfunctions.

[00132] The below ground dispenser sump low level liquid sensor 234 is coupled
to the tank-monitor powered microcontroller 413. The sensor 234 communicates
whether leaked fuel has been collected in the below ground dispenser containment
sump 24. This sensor 234 is coupled to the tank monitor-powered microcontroller
413 so that the tank monitor 168 can monitor the leak status during its normal polling
process. Ifthe tank monitor 168 determines that a leak is contained in the below
ground dispenser sump 24, the tank monitor 168 will not update the pilot control
valve 390 open signal, which will in turn cause the pilot control valve 390 to be
closed by the dispenser-powered microcontroller 412, causing a loss of vacuum at the
vacuum actuators 178. This will close the product line shear valves 116 for the fuel

dispenser 10 whose below ground dispenser sump 24 captured a leak.
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tank monitor-powered microcontroller 413. The sensor 367 communicates the status
of the in-dispenser sump 360 and whether it has captured a leak at the prescribed level
detected by the sensor 367, to the tank monitor-powered microcontroller 413. The in-
dispenser sump high liquid level sensor 367 is coupled to the tank monitor-powered
microcontroller 413 since the sensor 367 is not provided as part of the DSM 170. The
fuel dispenser 10 manufacturer decides if the sensor 367 will be provided as part of
their fuel dispenser 10. If the tank monitor 168 detects a leak via a status of the in-
dispenser sump high liquid level sensor 367, the tank monitor 168 may direct the
dispenser-powered microcontroller 412 to close the pilot control valve 390 to in turn
close the product line shear valves 116 for the fuel dispenser 10 containing the leak to
cut off the source of fuel 80 provided to the leak.

10C134] .. The interstitial liquid level sensor 368 is.also coupled tc ths “ak
monitored-powered microcontroller 413. This sensor 368 communicates the status of
the interstitial liquid level of the interstitial space 365 of the in-dispenser sump 360.
The sensor 368 status is checked by the tank monitor 168 polling process. If the tank
monitor 168 detects a leak via status of the interstitial liquid level sensor 367, the tank
monitor 168 may direct the dispenser-powered microcontroller 412 to close the pilot
control valve 390 to in turn close the product line shear valves 116 for the fuel
dispenser 10 containing the leak to cut off the source of fuel 80 provided to the leak.
[00135] The pressure transducer 386, the latching valves 380A, 380B (CV-1A;
CV-1B) and the end-of-zone vacuum switches 376, 381 are also all coupled to the
tank monitor-powered microcontroller 413. These components were previously
described above with respect to Figure 12.

[00136] The pressure transducer 386 is coupled to both the interstitial space of both
the product lines 118 and one or both of the dispenser sumps 360, 24 as previously
described in Figure 12. If a leak occurs in these interstitial spaces 123, 365, 27, the
pressure transducer’s 386 measured pressure variation will be sensed by the tank
monitor-powered microcontroller 413, which will in turn be communicated to the tank
monitor 168 as part of its polling process. The tank monitor 168 will in turn direct the
dispenser-powered microcontroller 412 to close the pilot control valve 390, which
will in turn cause the product line shear valves 116 to be closed as a result of the leak.
[00137] The latching valves 380A, 380B are controlled by the tank monitor-

powered microcontroller 413 to provide the redundant vacuum source generation for
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generating source in the internal fuel dispenser piping interstitial space 123 is tapped
off of to also draw a vacuum level in the dispenser sump interstitial space 365, 27, as
previously described and illustrated in Figure 12, for monitoring of leaks. The tank
monitor 168 only opens one of the latching valves 380A, 380B at a time, so that the
vacuum generated in the dispenser sump interstitial space 365, 27 is only generated
from the vacuum level generated in one product line’s interstitial space 123. If a leak
oceurs in that product line’s interstitial space 123 such that the a vacuum level cannot
be maintained in the dispenser sump interstitial space 365, 27, the tank monitor 168
can open the other latching valve 380A, 380B to switch the source of vacuum
generation to the dispenser sump interstitial space 365, 27 to another product line
interstitial space 123. In this manner, the dispenser sump 360, 24 can continue to be
mu.aioicd.for leaks even if a particular product line cannot m#intain a 3.7 i
vacuum level due to a leak.
[00138] The end-of-zone switches 376, 381 are provided for each of the product
lines 118 and the vapor return line piping 140 to detect if a vacuum is being properly
generated to the end of each line, as previously discussed. The end-of-zone switches
376, 381 are placed at the end of each interstitial spaces 123, 139 of the product lines
118 and the vapor return line 140. In this manner, when a vacuum is generated in the
product piping or vapor return line piping 118, 140, the tank monitor-powered
microcontroller 413 can communicate the status of the end-of-zone switches 376, 381
to the tank monitor 168. The tank monitor 168 can in turn detect if a vacuum is being
properly generated all the way to the end of the interstitial spaces 123, 139. Ifa
vacuum level is being generated, but an end-of-zone switch 376, 381 is not properly
switching due to a vacuum level being present at the end of an interstitial space line
123, 139, this is an indication of that blockage exists in the interstitial space 123, 139
since the vacuum level is not reaching the end of the interstitial space line 123, 139.
Thus, without the end-of-zone switches 376, 381, the system could not distinguish a

blocked line from an un-blocked line.

Pneumatic System Diagram

[00139] Now that the electrical elements of the secondary containment monitoring

and control system of the preferred embodiment have been described, the pneumatic
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respect to Figure 15.
[00140] Figure 15 illustrates a pneumatic diagram of the secondary containment
monitoring and control system according to the preferred embodiment. There are
three product lines shown labeled “Product Line #1,” “Product Line #2,” and “Product
Line #3.” These lines are the product lines 118 for each fuel grades provided to the
fuel dispenser 10. If the fuel dispenser 10 was a blending fuel dispenser, only two
gasoline product lines would be provided as disclosed in Figure 3; one fuel piping line
118 for the low grade of gasoline, and one fuel piping line 118 for the high grade of
gasoline. The vacuum-generating source is fluidly coupled to the main fuel piping
interstitial space 111, which extends through the interstitial space of double-walled
shear valve 116, and into the interstitial space of the internal fuel dispenser piping
125+ in -« like manner, the vacuum-generating source is also {luidly coupiz d o the
vapor line piping interstitial space 145, which extends through the interstitial space of
the double-walled vapor line shear valve 117 and into the internal vapor line piping
interstitial space 139. The system obtains its vacuum from the vacuum-generating
source applying a vacuum to the main fuel piping interstitial space 111 and the vapor
return piping interstitial space 145 in this embodiment.
[00141] The product line shear valves 116 are coupled to vacuum actuators 186 as
previously described and as illustrated in Figure 15. Since there are three fuel
dispenser piping lines 118, there are three vacuum actuator 186 and product line shear
valve 116 combinations for each of the lines 118. Figure 15 only illustrates the
product line interstitial spaces 111, 123 on the inlet and outlet side of the product line
shear valve 1186, since the vacuum level is generated in the product line interstitial
spaces 111, 123. The product line shear valves 116 are double-walled shear valves so
that product line interstitial space 111 is coupled to product line interstitial space 123,
like illustrated in Figures 4-6. When no vacuum is present in the system initially, the
product line shear valve 116 is closed since no vacuum is being applied to the vacuum
actuator 186 to keep the product line shear valve 116 flow path open.
[00142] Before discussing the pneumatic components in Figure 15, the vacuum
flow path opening the system is discussed. The vacuum is originally established by
the vacuum-generating source in the product line interstitial space 123. From there,
the vacuum is coupled to an operability valve 430, which is coupled to the product

line interstitial space 123. The vacuum extends to a vacuum conduit 431 coupled to
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the output of the operability valve 430 and extends through a filter 438 into a second
vacuum conduit 442. The filter 438 keeps debris from flowing back to the shear valve
116 interstitial space.

[00143] The second vacuum conduit 442 is coupled to the end-of-zone switch 376
and passes to the latching valves 380A, 3808, which control whether the vacuum is
applied to the vacuum conduit 450 coupled to the dispenser sump interstitial space
365, 27. The end-of-zone switch 376 will activate if a sufficient vacuum level is
present thereby indicating that the vacuum level was able to reach the end of the
product line interstitial space 123 and thus no blockage exists, as previously
discussed. Only one of the latching valves 380A, 380B is open at one time. This
provides a redundant vacuum source to generate a vacuum in the dispenser sump
interstitial space 365, 27, as previously discussed.

1007445 The vacuum is then passed from the output of th latching valves 3304...
380B to the pilot control valve 390 via a vacuum conduit 452. The pilot control valve
390 controls whether the vacuum level is communicated via a pilot valve vacuum
conduit 456 to dedicated pilot control valves 458 (CV-2) that control whether the
vacuum will be communicated to the vacuum actuator 186. The pilot control valves
458 control whether the vacuum actuator 186 keeps the product line shear valves 116
opened, since the vacuum from the pilot control valves 458 is coupled to the vacuum
actuator 186 via a shear tube or conduit 176. If the pilot control valve 390 is opened
to all on the vacuum level to be communicated to the dedicated pilot valves 458, the
vacuum level will rejoin its origination at the output of the operability valve 430 via a
vacuum conduit 461,

[00145] Thus, in summary the pneumatic system of Figure 15 directs a vacuum
level generated by a vacuum-generating source in the product line interstitial space
111, 123 to (1) components that determine if a blockage exists in the interstitial space
365 (end-of-zone switch 376), (2) redundantly controlled latching valves 3804, 380B
to generate a vacuum in the dispenser sump interstitial space 365, 232: and (3) to a
pilot control valve 390 that directs and controls the vacuum level in order to actuate
and open the product line shear valves 116. In this manner, a sufficient vacuum will
have to be established first in the product line interstitial space 111, 123 and the
dispenser sump interstitial spaces 365, 27 before a sufficient vacuum level is applied
to the vacuum actuators 178. The product line shear valves 116 are purposefully

designed to open last as part of the pneumatic design so that fuel 80 is not supplied
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until the integrity of theentire system (via monitoring for leaks in the interstitial
spaces) is performed and established. As previously discussed, there are other
electrical sensors and events that can also cause the pilot control valve 390 to cause
the product line shear valves 116 to close for other reasons as well.
[00146] Now that the vacuum path for the system has been discussed for
establishing a vacuum level to monitor for leaks of the fuel-handling components, a
detailed discussion of the pneumatic components and their operation and control of
the vacuum is now discussed.
[00147] As illustrated in Figure 15, the product line operability valve 430 is
coupled inline in the internal fuel dispenser piping 123 on the outlet of the product
line shear valve 116, The product line operability valve 430 is a manually-controlled
valve used to control and allow vacuum generated in the product line interstitial space
123 w L2 used to supply vacuum to the fuel dispenser 10, and.in move particulsr the
dispenser sumps 24, 360, and the vacuum actuator 186 to open the product line shear
valves 116 when no leak exists. When the product line operability valve 430 is not
actuated, it is open (N.O. path). In this manner, the vacuum level generated in the
product line interstitial space 123 is coupled to the vacuum conduit 431, through the
filter 438 and to the vacuum conduit 442. The product line operability valve 430 is
open unless manually actuated and closed (N.C. path).
[00148] The product line operability valve 430 is closed when an operability test is
desired to be performed by service personnel. The operability test allows verification
of the operation of the end-of-zone switches 376 as well as the vacuum actuated
product line shear valves 116. When closed, the vacuum level from the product line
interstitial space 123 is isolated from the dispenser sumps 24, 360 and the vacuum
actuator 186 of the product line shear valves 116. The vacuum present in the vacuum
conduit 431 is vented to atmosphere via an operability vent 432. This loss of vacuum
causes a loss of vacuum in the vacuum flow path of the vacuum conduit 442, which
will be detected by the end-of-zone switch 376 and communicated to the tank monitor
168. Further, the loss of vacuum causes a leak to be detectéd by the pressure
transducer 386. The tank monitor 168 can then ensure the end-of-zone vacuum
switches 376 are working properly. Further, the tank monitor 168 will cause the pilot
control valve 390 to pneumatically cause a loss of vacuum to be communicated to the
dedicated pilot valves 458 to close the product line shear valves 116 as will be

discussed in more detail below. Thus, service personnel can verify the correct
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116 when the operability valve 430 is actuated.
[00149] A vapor line operability valve 434 is also provided for the vapor line
monitored interstitial space 145, 139 just like the operability valve 430 for the product
lines 111, 123. The actuation of vapor line operability valve 434 is just like that of
the product line operability valve 430.
[00150] Because the operability valves 430, 434 are mapped on a one-to-one
relationship with the end-of-zone vacuum switches 376, 381, the operability valves
430, 434 provide a convenient method to assist installation personnel in correctly
mapping the tank monitor 168 to the correct end-of-zone vacuum switches 376, 381.
It is important for the tank monitor 168 to correctly associate the end-of-zone
switches 376, 381 so that a blockage can be detected and identified in the correct
puduy and vapor line interstitial space 123, 139.
[00151] The product line operability valve 430 can also be used to manually shut
off the product line shear valves 116 for any other purpose desired by service
personnel. When service personnel desire to put the system back into operation,
service personnel need only release the operability valve 430 actuation. Thereafter,
the vacuum-generating source will eventually generate a sufficient vacuum, if no
leaks are present, to automatically open the product line shear valves 116 via the
vacuum actuator 186 previously described. This is an improvement over prior shear
valve systems where a linkage on the shear valve had to be manually reset to open the
flow path inside the shear valve, thus providing for a greater possibility of damaging
the shear valve.
[00152] As the vacuum level increases in the vacuum conduits 442, 446, the end-
of-zone switches 376, 381 will be actuated at a designed vacuum level. The end-of-
zone switches 376, 381 are vacuum switches that monitor vacuum pressure. The
switches 376, 381 have a fixed vacuum level set point and will actuate from a
normally open position (N.O.) to a normally closed (N.C.) position upon the vacuum
level reaching the set point. The set point may be set to actuate at —3.5 psi with a +/-
5% for example.
[00153] The end-of-zone switches 376, 381 will actuate from the N.C. to the N.O.
position when the vacuum levels decrease slightly from the set point of the switches

376, 381. The tank monitor 168 will poll the end-of-zone switches 376, 381, via the
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tank monitor-powered microcontroller 413, to know that a sufficient vacuum level has
been established to the vacuum paths of the system.
[00154] After the tank monitor 168 ensures that a sufficient vacuum is drawn by
use of the end-of-zone switches 376, 381, the tank monitor 168 will control the
correct latching valve 380A, 380B to open the vacuum flow path to be coupled to
vacuum conduit 448 so that the vacuum-generating source can begin to draw a
vacuum in vacuum conduit 450 coupled to the dispenser sump interstitial spaces 365,
27. The tank monitor 168 employs an algorithm to determine which latching valve
380A, 380B is to be opened and which is to be closed. In one embodiment, the
latching valves 380A, 380B are solenoid valves that contain a shuttle mechanism that
toggles between an open and closed state and does not require constant power to stay
engaged in either position. The inductance of the solenoid coil can be measured as

- part. £ the tank monitor 168 polling cycle to determine-if the, tatching valii: 580A,.
380B are opened or closed. The tank monitor 168 can then actuate the latching
valves 380A, 380B to an open or closed position as desired. In this manner, the tank
monitor 168 is able to control the latching valves 380A, 380B to ensure that a
redundant source of vacuum is available to generate a vacuum level in the dispenser
sump interstitial space 365, 27 and the rest of the system, even if one of the dispenser
product lines 118 that is tapped off of to provide the vacuum source contains a leak.
Again, the end-of-zone switches 376 allow the tank monitor 168 to know if a
particular product line 118 can provide a sufficient vacuum to make this decision.
[00155] Note that “Product Line #3” (118) and “Vapor Line” (134) do not interface
to a latching valve 380. This is because these lines are not used as a vacuum source
for the rest of the system. However, end-of-zone switches 376, 381 are still provided
to ensure that a sufficient vacuum level is generated to the end of these product line
and vapor line interstitial spaces 123, 139 as part of the leak monitoring system.
These end-of-zone switches 379, 381 are also monitored by the tank monitor 168.
The tank monitor 168 will cause the pilot control valve 390 to close thereby causing a
loss of vacuum to the vacuum actuator 186 to close product line shear valves 116 if a
sufficient vacuum cannot be established to the end of the monitored interstitial space
lines 123, 139, either due to a leak or blockage.
[00156] Once the system has a sufficient vacuum level, the tank monitor 168 will
open one of the latching valves 380A, 380B to begin to generate a vacuum in the

dispenser sump interstitial spaces 365, 27. The tank monitor 168 monitors the
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pressure transducer 386 to monitor the vacuum level in the dispenser sump interstitial

space 365, 27. The tank monitor 168 determines if the vacuum level in the dispenser
sump interstitial space 365, 27 is at a sufficient vacuum level for monitoring of leaks.
When the vacuum level is sufficient, meaning that there is no leak in the fuel
dispenser sump interstitial space 365, 27, the tank monitor 168 instructs the latching
valve 380A, 380B that was opened to provide the vacuum source to close, thereby
isolating the dispenser sump interstitial space 365, 27 into a separate zone from the
dispenser piping interstitial space 123.
[00157] The tank monitor 168 continues to poll the pressure transducer 386 for loss
of vacuum. If a vacuum loss occurs in the dispenser sump interstitial space 365, 27,
the tank monitor 168 opens one of the latching valves 3804, 380B to attempt to
replenish the vacuum level in the dispenser sump interstitial space 365, 27. If the

. vacuim level is sufficient in the dispenser sump interstitial.space 26527, this.. -
vacuum level is pneumatically communicated to the pilot control valve 390, which is
dead-headed (i.e. not coupled to the pilot valve vacuum conduit 456). The pilot
control valve 390 is a solenoid valve in one embodiment that is initially dead-headed
in the system. The dispenser-controlled microcontroller 412 as part of the DSM 170,
receives a periodic signal from the tank monitor 168 indicating the control status of
the pilot control valve 390. As previously discussed, the tank monitor 168 will only
indicate that the status of the pilot control valve 390 is to be opened if all other
sensors and conditions do not indicate a leak, or other safety conditions previously
described where it is desired to close the product line shear valves 116 is not present.
The control status is stored by the dispenser-powered microcontroller 412 and is used
to control the state of the pilot control valve 390. If there is no update, the dispenser-
powered microcontroller 412 will energize the pilot control valve 390 to close or stay
closed. If the tank monitor 168 indicates that all vacuum levels and other sensors are
in a normal status, the vacuum level is continued propagating through the system
towards opening of the product line shear valves 116.
[00158] Once the pilot control valve 390 is energized, the vacuum source from the
vacuum conduit 452 is coupled to the vacuum conduit 456 coupled to the dedicated
product line pilot valves 458. A diaphragm (not shown in Figure 15) in the product
line pilot valves 458 is opened by the vacuum power, and the pilot valve 458 is
switched from the normally open (N.O) to the normally closed (N.C.) position. At

this point, the vacuum level is coupled to the vacuum actuator 186 of the product line

Docket No. 2500-066-WO



WO 2006/116443 PCT/US2006/015707

= ihegrVa'{\ygsﬂlullgl\{;lat}{le "v[z}iéliuli&ﬂondult, labeled “shear tube” 176. The vacuum level
will cause the product line shear valves 116, to open since the vacuum level is
properly established through the entire secondarily contained space of the system.
The present invention is designed to open the product line shear valves 116 last, since
they control fuel 80 flow. In this manner, the integrity of the system is determined
fully before fuel 80 flow is allowed.

[00159] Further, by the pilot valve 458 moving to the N.C. position, the pilot valve
vacuum conduit 456 is also coupled to a vacuum conduit 461 at the vacuum level
origination point to come around full circle. Thus, if the vacuum level in the product
line interstitial spaces 123 drops below a sufficient vacuum level possibly indicating a
leak or blockage, the product line shear valves 116 are closed independently of the
dispenser sump interstitial space 365, 27 leak status and its operation.

400*60] Ifa leak or other condition occurs such that the tank picity - 17 8-desires to
close the product line shear valves 116, the tank monitor 168 will cause the pilot
control valve 390 to de-energize via the dispenser-powered microcontrolier 412 in the
DSM 170. This will vent any pilot pressure generated as a result of the vacuum level
applied to the pilot control valve 390 through a vent 454 to atmosphere. This will
cause the vacuum level to be lost in the pilot valve vacuum conduit 456 thereby
causing the pilot valves 458 to pneumatically switch to the N.O. position and causing
their vents 459 to open to atmosphere and the vacuum actuator 186 to lose vacuum.
This in turn causes the product line shear valves 116 to close as previously discussed.
[00161] Further, any loss of vacuum in the dispenser sump interstitial space 365,
27 will also pneumatically cause the product line shear valve 116 to close irrespective
of the tank monitor 168. This is because the vacuum actuator 186 of the product line
shear valve 116 receives its vacuum via vacuum conduit 448, 452, which also
supplies the vacuum to the dispenser sump interstitial space 365, 27.

[00162] Also, the shear tube 176 may be designed to assist in the detection of an
impact to the fuel dispenser 10 to cause the product line shear valves 116 to close if
the product line shear valve 116 does not shear prope"rly: "The shear tube 176 may be
constructed out of a rigid material as opposed to a flexible material. For example, the
shear tube 176 may be constructed out of glass or other delicate material that is more
like to break in the event of an impact to the fuel dispenser 10. Thus, if the shear tube
176 breaks, the resulting loss of vacuum to the vacuum actuator 186 will cause the

product line shear valve 116 to close automatically.
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Communications Diagram

[00163] Figure 16 illustrates a communications diagram of the secondary
containment monitoring and control system according to the preferred embodiment.
Many of the components illustrated therein have been previously described and thus
will not be repeated. The DSM 170 is shown as being powered by intrinsically safe
power 468 through to the fuel dispenser IS barrier 466. In this manner, the fuel
dispenser 10 power, via its power supply 470, provides power to the dispenser-
powered microcontroller 412 as previously discussed.

[00164] An optional feature is also shown as the pilot control valve 390 open
status. This status may be communicated from the interface electronics of the
dispenser-powered microcontroller 412 through an optic-coupler 464 to the dispenser
IS Uarrier 466. From there, the signal may be communizated {0 .2 (ispeiser confroller
429 residing within the dispenser 429. The controller 429 may be the control system
46 as illustrated in Figure 2. This status is used to know that the product line shear
valves 116 have been closed as the result of a leak or other condition as previously
described. The dispenser controller 429 may use this status to generate or
communicate an alarm to the site controller 68, or take other actions based on the

status.

Shear Valve Controller

[00165] Because of the close pneumatic relationship between the operability valve
430 and the pilot valve 458 to couple the vacuum level from the of the fuel dispenser
piping interstitial space 123 to the product line shear valve 116 and the vacuum path
of the system, one embodiment of the present invention provides a shear valve
controller than incorporates both of these components in a common mechanical
package. This shear valve controller 480 is illustrated in Figure 17. The shear valve
controller 480 contains both the operability valve 430 and the pilot valve 458. The
shear valve controller 480 contains a port 482 that is designed to couple to the
interstitial space of the double-walled product line shear valve 116. This provides a
convenient method of coupling the shear valve controller 480, and more particularly
the operability valve 430 and pilot valve 458 therein, to the fuel dispenser piping

interstitial space 123 to receive the vacuum as previously described. This is because
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the interstitial space of the double-walled shear valve is fluidly coupled to the fuel
.dispenser piping interstitial space 123 when connected, as illustrated in Figures 4-6.
[00166] The product line shear valve 116 contains an orifice or port 474 on a
finished surface 476 that is bored through the containment housing 164 and is fluidly
coupled to the interstitial space (not shown) of the product line shear valve 116
therein. The vacuum source port 482 is coupled through an o-ring 484, which
provides a seal between the shear valve controller 480 and the finished surface 476 of
the product line shear valve 116. Mounting orifices 478 are provided on the finished
surface to accept fasteners from the shear valve controller 480 to securely attach the
shear valve controller 480 to the product line shear valve 116.
[00167] The shear valve controller 480 also provides other ports to couple the
operability valve 430 and the pilot valve 458 to various flow paths, as illustrated in

.. th» pneumatic diagram of Figure 15. A vacuum actuater port: 485 15 pruvided-ds pait
of the shear valve controller 480 that is designed to couple the pilot valve 458 to the
shear tube 176 to provide the vacuum source to the vacuum actuator 186. The shear
valve controller 480 also contains an end-of-zone valve port 442 that is designed to
couple to the vacuum conduit 431 to couple the operability valve 430 to the end-of-
zone switch 376. Lastly, the shear valve controller 480 contains a pilot line port 487
that is adapted to couple the pilot valve 458 inside the shear valve controller 480 to
the pilot valve vacuum conduit 456 to receive the vacuum level from the pilot control
valve 390. These ports 482, 487, 485, 442 may contain a barbed surface in order to
securely couple to vacuum conduits as illustrated in the pneumatic diagram of Figure
15.
[00168] Figure 18 illustrates an exterior view of the shear valve controller 480 to
introduce and describes its components. The shear valve controller 480 is comprised
of a housing that is machined to provide the various interpal flow paths to the
operability valve 430 and the pilot valve 458 therein. The shear valve controller 480
is machined to contain a vacuum source orifice 492, a pilot valve orifice 494, a
vacuum actuator orifice 496, and an end-of-zone valve orifice 498, that are adapted to
receive the vacuum source port 482, the pilot line port 487, the vacuum actuator port
485, and the end-of-zone valve port 442, respectively.
[00169] The operability valve 430 contains a screw cap 500 that is designed to
allow a person to manually actuate and de-actuate the operability valve 430. As

previously discussed, actuation of the operability valve 430 vents the vacuum source

Docket No. 2500-066-WO



WO 2006/116443 PCT/US2006/015707
e e e M e I

port 482 to atmosphere, thereby causing a loss of vacuum that will in turn cause a loss
of vacuum at the vacuum actuator 186 and close the product line shear valve 116. To
actuate the operability valve 430, a person pushes down on the cap 500, which is
spring-biased upward. This opens the vent 432 coupled to the operability valve 430
to atmosphete and causes a loss of vacuum. In order to de-actuate the operability
valve 430, the manual force applied to the cap 500 is released.
[00170] The cap 500 may also contain two oppositely opposing thumb and
forefinger extensions 502 to allow a person to easily twist the cap 500 back and forth.
The cap 500 contains a locking mechanism 504 that engages with a locking receiver
506 when the cap 500 is twisted counterclockwise. The locking mechanism 504 can
only engage with the locking receiver 506 when a downward force is applied to the
cap 500 thereby actuating the operability valve 430. When engaged, this keeps the

. ¢perability valve 430 actuated without a person having to eortinue to.push downward
on the cap 500. When it is desired to de-actuate the operability valve 430, the cap 500
is twisted clockwise, thereby allowing the cap 500 to be released in its upwardly
biased direction thereby closing off the operability valve vent 432 to atmosphere.
[00171] Figure 19 illustrates a cross-section view of the shear valve controller 480
to better illustrate and describe the operation of the operability valve 430 and the pilot
valve 458 to provide their functions in the pneumatic system illustrated in Figure 15.
The cap 500 contains a cap orifice 507 at the top. The cap orifice 507 is designed to
allow a fastener, such as a screw 508, to fit inside the cap orifice 507 to be flush or
underneath the top plane of the cap 500 and secure the cap 500 to an operability valve
piston 510. The operability valve piston 510 controls the flow of air between the end-
of-zone valve orifice 498 and the vacuum source orifice 492. The operability valve
piston 510 contains an operability valve piston flute 512 having a piston flute top 518
and piston flute bottom 520 that moves up and down when the cap 500 is pressed and
released to open and block off the end-of-zone valve orifice 498 from the vacuum
source orifice 492. A cap spring 513 is placed inside and between the inside surface
of the cap 500 and the top of the operability valve piston 510 so that the cap 500 is
spring biased upward. The spring 513 engages with an operability valve piston plug
514 that supports the operability valve piston 510 and moves the operability valve
piston 510 up and down when the operability valve piston plug 514 is moved in kind.

The operability valve piston plug 514 contains a circular groove to provide for an o-
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ring 516 to provide a tight seal of the operability valve piston plug 514 within the
inner surface of the shear valve controller 480 housing.
[00172] When the operability valve 430 is not actuated, meaning the cap 500 is not
pushed down, the piston flute top 518 rests against the operability valve piston plug
514 to provide a flow path between the end-of-zone valve orifice 498 and the vacuum
source orifice 492. This allows a vacuum source applied to the vacuum source orifice
492 to also be applied to the end-of-zone switch 376 and on to the dispenser sump 24,
360 as previously discussed and jllustrated in Figure 15. When the operability valve
430 is actuated, meaning the cap 500 is pushed down, the bottom of the piston flute
bottom 520 rests against and blocks off the vacuum source orifice 492. At the same
time, the piston flute top 518 moves down and off of the operability valve piston plug
514 and thus allows outside air to vent into the end-of-zone valve orifice 498. This
will cause a loss of vacuum that will be seen by the end-of-zene sviiic! 576, and.thus
the tank monitor 168 to in turn take the steps to eventually close the product line shear
valve 116 as previously discussed.
[00173] The right hand side of the shear valve controller 480 illustrated in Figure
19 is the pilot valve 458 that controls the application of vacuum from the pilot valve
vacuum conduit 456 coupled to the pilot valve orifice 494 to the vacuum actuator 186
via the vacuum actuator orifice 496. In this manner, the vacuum source controlled by
the pilot control valve 390 is pneumatically communicated to the pilot valve 458,
which in turn actuates to pneumatically communicate the vacuum to the vacuum
actuator 186. The pilot valve 458 is comprised of diaphragm 522 and a diaphragm
spring 524. The diaphragm spring 524 pushes the diaphragm 522, which in turn
pushes to the left on a pilot valve piston 526 having a pilot valve piston flute 528.
The pilot valve piston 526 is supported by a pilot valve piston plug 529 similar to the
operability valve piston 510. The pilot valve piston flute 528 contains a pilot valve
piston flute left section 530 and a pilot valve piston flute right section 532. When the
diaphragm 522 is pushed by the diaphragm spring 524 to the left, thereby applying a
leftward force against the pilot valve piston 526, the p.i'lot valve piston flute left
section 530 is pushed against the opening between the vacuum actuator orifice 496
and the end-of-zone valve orifice 498 and the vacuum source orifice 492. Any
vacuum that was inside the vacuum actuator orifice 496 is vented through the pilot

valve piston flute 528 through a series of holes (not shown) in the diaphragm base 534
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product line shear valve 116.

[00174] When a sufficient vacuum is applied to the pilot valve orifice 494 as a
result of a vacuum level generated and passed by the pilot control valve 390 to the
pilot valve conduit 456, this vacuum level will pull the diaphragm 522 to the right
against its spring 524 biasing. This in turn will pull the pilot valve piston 528 and the
pilot valve piston flute section 530, 530 to the right. This closes off the vent to
atmosphere though the diaphragm base 534 and the coupling of the vacuum actuator
orifice 496 to the vacuum source orifice 492 if the operability valve 430 is not
actuated to block of the flow path and vent the vacuum actuator orifice 496 to
atmosphere. In this manner, the vacuum level applied to the vacuum actuator orifice
496 is applied to the vacuum actuator 186, which will in turn open the product line
shear valve 116 since vacuum levels are establishzd and are a¢ing maintamed.
[00175] Thus, the shear valve controller 480 provides a convenient method of
accomplishing the pneumatic functions of the operability valve 430 and the piston
valve 458 in a convenient package. However, note that the shear valve controller 430

is not a requirement to accomplish the present invention.

First Alternative Summary of the Invention and Abstract

Summary of the Invention
[00176] The present invention involves the use of an in-dispenser pan or sump as

an alternative to a below ground dispenser sump. In this manner, any leaks that occur
in fuel-handling components located above the in-dispenser pan are captured. An in-
dispenser sump may be used to effectively provide secondary containment for
capturing leaks for fuel-handling components where providing of secondary
containment by other methods is not possible or impracticable for space and/or cost
reasons. The in-dispenser sump is comprised of a plate that runs across the width of
the fuel dispenser. The plate contains protruding edges that tilt upward on the far
ends of the plate to capture leaks that occur above the plate. The plate is slanted
upward on both sides so that when a leak is captured by the plate, gravity will pull the
leak towards the center of the plate.

[00177] The plate contains orifices for the internal fuel dispenser piping to run

through the plate to other components of the fuel dispenser. The pipings are typically
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sealed in the orifice with a potting or epoxy compound. In this manner, any leaked

fuel captured by the plate will gravitate and collect in the center of the plate without
leaking through the orifices. A low level liquid sensor is placed proximate to the
center of the plate at the lowest level to detect any presence of leaked fuel. A high
liquid sensor may also be placed similarly, but at a designated liquid level to detect
when the leaks accumulate to a certain liquid level in the in-dispenser sump as a
redundancy sensor in case the low liquid level sensor fails. Both low level liquid
sensor and the high liquid level sensor are communicatively coupled to a control
system to detect the leaks.

[00178] Because the plate acts to capture leaks, the plate can also be secondarily
contained in the event the plate is breached or contains a leak in order to prevent the
captured fuel from reaching the environment. Thus, the in-dispenser sump is
comprised of a double-walled plate structure. The-main plaic is supported by an.. .
outer, secondary plate. An interstitial space is formed by the space between the main
plate and the secondary plate. In this manner, the interstitial space will hold any leaks
that occur as a result of a breach or leak in the main plate when a leak has occurred in
a fuel-handling component located above the main plate. Because of the interstitial
space provided, this interstitial space can be monitored for leaks or breaches using a
vacuum-generating source that is also used for monitoring of leaks in other fuel-
handling components.

[00179] In one embodiment, the interstitial space of the in-dispenser sump is
fluidly coupled to the vacuum conduit, that is connected to the vacuum actuator of a
product line shear valve. A leak in the in-dispenser sump will cause a loss of vacuum
at the vacuum actuator, that will in turn automatically cause the shear valve to close,
thereby preventing more fuel from reaching the leaky fuel-handling component that is
causing the leak.

[00180] In another embodiment, a interstitial liquid sensor may also be fluidly
coupled to the in-dispenser interstitial space. The sensor may provide an electronic
signal to a control system to detect a leak in the in-dispenser sump interstitial space.
The control system may generate an alarm and/or generate either an electronic or
pneumatic signal to cause the vacuum actuator to close the product line shear valves
that are supplying fuel to the fuel-handling component whose leak is being captured

by the in-dispenser sump.
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Abstract

[00181] An in-dispenser leak pan provided inside the housing of a fuel dispenser.
The leak collection chamber collects any fue] that leaks from fuel-handling
components located inside the fuel dispenser above the pan. The pan is secondarily
contained by an outer pan or container such that an interstitial space is formed
therebetween. If a breach exists in the top part of the pan, the captured leaked fuel
will be contained in by the outer pan in the interstitial space. The interstitial space of
the pan is drawn under a vacuum level using a vacuum-generating source to monitor
for leaks. If a leak is detected, a control system may generate an alarm and/or cause
the submersible turbine pump to stop supplying fuel, or cause the dispenser product
line shear valves to close, thereby only stopping fuel flow to the individual fuel

dispenser containing the leak.
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Second Alternative Summary of the Invention and Abstract

Summary of the Invention

[00182] The present invention provides an end-of-zone or end-of-line sensor
placed at the end of a secondarily contained fuel piping(s) or network(s). The
interstitial space of the piping network is coupled to a vacuum-generating source that
draws a vacuum level in the interstitial space to monitor for leaks or breaches in the
piping network. The end-of-zone sensors are coupled to the interstitial space at the
far end of the piping network and vacuum-generating source. The end-of-zone
sensors actuate when a sufficient vacuum level is detected. A control system
monitors the status of the end-of-zone switches. If the vacuum-generating source is
activated to draw a vacuum level, and the end-of-zone sensors react to indicate the
vacuum level has reached the sensor, the control system knows that there is no
blockage over the entire span of the piping network, and thus the entire piping
network can be properly monitored for leaks.

[00183] " The end-of-zone sensors may communicate vacuum levels detected
electrically, mechanically, or visually. In one embodiment, the end-of-zone sensors
are vacuum switches. The vacuum switches actuate when a sufficient threshold
vacuum level is detected. If the vacuum level degrades to a certain threshold

pressure, the vacuum switches will deactivate.
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The end-of-zone sensors may be placed at the end of either product line piping that

carries fuel or vapor line piping that returns recovered vapor to a storage tank as part
of a Stage II vapor recovery system. In either case, the end-of-zone sensors are able

to determine if a vacuum level has reached the end of a piping network.

Abstract

[00184] An end-of-zone or line sensor placed at the end of a secondarily contained
fuel piping(s) or network(s). The interstitial space of the piping network is coupled to
a vacuum-generating source that draws a vacuum level in the interstitial space to
monitor for leaks or breaches in the piping network. The end-of-zone sensors are
coupled to the interstitial space at the far end of the piping network and vacuum-
generating source. The end-of-zone sensors actuate when a sufficient vacuum level is
detected. A control system monitors the status of the end-cif-zai: switches.- If the
vacuum-generating source is activated to draw a vacuum level, and the end-of-zone
sensors react to indicate the vacuum level has reached the sensor, the control system
knows that there is no blockage over the entire span of the piping network, and thus

entire piping network can be properly monitored for leaks.

Third Alternative Summary of the Invention and Abstract

Summary of the Invention

[00185] The present invention is a redundant vacuum-generating source system
and method for generating and/or maintaining a vacuum level in a secondarily
contained fuel-handling component that is monitored for leaks. The vacuum-
generating source is coupled to upstream fuel-handling components to draw a vacuum
level in their interstitial spaces. Other downstream fuel-handling components are
drawn under a vacuum by tapping off of the upstream fuel-handling component’s
interstitial spaces for convenience. A series of valves control which upstream fuel-
handling component’s interstitial spaces are coﬁpléd to a particular downstream fuel-
handling component interstitial space. In the event that an upstream fuel-handling
component contains a leak, a control system can control the valves to switch the
vacuum generation of a downstream fuel-handling component to another upstream
fuel-handling component that does not contain a leak so that a sufficient vacuum level

can be generated in the downstream fuel-handling components to monitor it for leaks.
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that provides fuel to the fuel dispenser and is coupled to the output of a shear valve.
The downstream fuel-handling component is a secondarily contained in-dispenser pan
or sump that is designed to capture leaks from fuel-handling components located
above the in-dispenser pan. The in-dispenser pan interstitial space is coupled to the
fuel piping interstitial space. In this manner, when the vacuum-generating source
generates a vacuum level in the fuel piping, the vacuum level will also be generated in
the in-dispenser interstitial space.
[00187] The in-dispenser sump interstitial space is coupled to multiple fuel piping
interstitial spaces to provide redundancy in the vacuum source for the in-dispenser
sump. Latching valves under control of a control system dictate which fuel piping
interstitial space is coupled to the in-dispenser sump interstitial space. Only one
source is allowed at a time, and thus only one of the latching. valves-is-opened. If the
control system detects a leak in the current fuel piping inferstitial space that is
supplying the vacuum source to the in-dispenser sump interstitial space, the control
system can automatically switch the latching valves to change the source to another
fuel piping that does not contain a leak. In this manner, the in-dispenser sump can be
continued to be drawn under a vacuum level and monitored for leaks independent of a
particular fuel piping containing a leak. If only one fuel piping was capable of
providing the source of vacuum level to the in-dispenser interstitial space, the in-
dispenser interstitial space could not be continuously monitored for leaks if the fuel

piping contained a leak.

Abstract

[00188] A redundant vacuum-generating source system and method for generating
and/or maintaining a vacuum level in a secondarily contained fuel-handling
component that is monitored for leaks. The vacuum-generating source is coupled to
upstream fuel-handling components to draw a vacuum level in their interstitial spaces.
Other downstream fuel-handling components are drawn under a vacuum by tapping
off of the upstream fuel-handling component’s interstitial spaces for convenience. A
series of valves control which upstream fuel-handling component’s interstitial spaces
are coupled to a downstream fuel-handling component interstitial space. In the event
that an upstream fuel-handling component contains a leak, a control system can

control the valves to switch the vacuum generation of a downstream fuel-handling
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component to another upstream fuel-handling component that does not contain a leak

so that a sufficient vacuum level can be generated in downstream fuel-handling

component(s) to monitor it for leaks.

[00189] 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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We claim:

1. A shear valve that is coupled to fuel piping that carries fuel to a fuel dispenser
in a service station environment, comprising;

a housing having an internal fuel flow path that receives the fuel carried by the
fuel piping;

a valve coupled to the internal fuel flow path; and

a vacuum actuator coupled to the valve;

wherein a vacuum level applied to the vacuum actuator opens the valve to

open the internal fuel flow path.

2. The shear valve of claim 1, wherein a loss in vacuum level applied to the

vacuum actuator closes the valve to close the-internal fuel flow paths e . -

3. The shear valve of claim 1, wherein the housing is a double-walled housing
comprised of:

an inner housing;

an outer housing surrounding the inner housing; and

an interstitial space formed by the space between the inner housing and the

outer housing.

4. The shear valve of claim 3, wherein the interstitial space is fluidly coupled to
the vacuum actuator so that the vacuum level applied to the interstitial space also

applies the vacuum level to the vacuum actuator.

5. The shear valve of claim 4, wherein a loss in vacuum level in the interstitial

space causes the vacuum actuator to close the valve.

6. The shear valve of claim 4, wherein the vacuum level applied to the interstitial

space causes the vacuum actuator to open the valve.

7. The shear valve of claim 1, wherein the vacuum actuator is fluidly coupled to

an interstitial space of a fuel-handling component so that a vacuum level applied to
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the fuel-handling component interstitial space also applies the vacuum level to the

vacuum actuator.

8. The shear valve of claim 7, wherein a loss in vacuum level in the fuel-

handling component interstitial space causes the vacuum actuator to close the valve.

9. The shear valve of claim 7, wherein the vacuum level applied to the fuel-

handling component interstitial space causes the vacuum actuator to open the valve.

10.  The shear valve of claim 7, wherein the fuel-handling component is a
component comprised from the group consisting of a main fuel piping, a branch fuel
piping, an internal fuel dispenser piping, a dispenser sump, a submersible turbine
pump, a submersible turbine pump sump, 4 suluaersible turbitepump containes, a

shear valve, and a fuel storage tank.

11. The shear valve of claim 1, further comprising a shear tube coupled to the
vacuum actuator, wherein the shear tube is designed to break to cause a loss of
vacuum applied to the vacuum actuator in response to an impact to the shear valve or

fuel dispenser.

12. A system for automatically controlling the supply of fuel to a fuel dispenser,
comprising:
a vacuum-actuated shear valve that contains a fuel flow path coupled to a main
fuel piping to carry the fuel from the main fuel piping to the fuel dispenser, wherein a
vacuum level must be applied to the vacuum-actuated shear valve to open the fuel
flow path;
at least one fuel-handling component fluidly coupled to the main fuel piping,
wherein the at least one fuel-handling component is secondarily contained to form a
fuel-handling component interstitial space; and 4
a control system adapted to:
activate a vacuum-generating source to generate a vacuum level in the
fuel-handling component interstitial space; and
couple the vacuum level in the fuel-handling component interstitial

space to the vacuum-actuated shear valve to open the fuel flow path;
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whefeth either a [0ss of vacuum level in the fuel-handling component
interstitial space, or a loss of vacuum level activated by the control system, causes the
vacuum-actuated shear valve to automatically close the fuel flow path to cut off the

supply of fuel to the fuel dispenser.

13.  The system of claim 12, wherein the vacuum-actuated shear valve is
comprised of a double-walled housing comprised of:

an inner housing;

an outer housing surrounding the inner housing; and

a shear valve interstitial space formed by the space between the inner housing

and the outer housing.

14. The system of claim 13, wherein the.sheas valve inicrstitial space is fluidly
coupled to the fuel-handling component interstitial space so that the vacuum level
applied to the fuel-handling component interstitial space also applies the vacuum level

to the shear valve interstitial space.

15.  The system of claim 14, wherein the at least one fuel-handling component is
comprised of a double-walled internal fuel dispenser piping having an internal fuel
dispenser piping interstitial space, wherein the double-walled internal fuel dispenser
piping is coupled to the vacuum-actuated shear valve to receive fuel from the main
fuel piping, and the internal fuel dispenser piping interstitial space is coupled to the

shear valve interstitial space.

16.  The system of claim 14, wherein the main fuel piping is comprised of a
double-walled main fuel piping having a main fuel piping interstitial space, wherein

the main fuel piping interstitial space is coupled to the shear valve interstitial space.

17. The system of claim 12, wherein the at least one fuel-handling component is a
dispenser sump that contains a float valve coupled to the vacuum-actuated shear
valve, a float, and a float valve vent, wherein a leak in the dispenser sump causes the
float to rise and open the float valve vent coupled to the float valve to cause a loss of

vacuum level causing the vacuum-actuated shear valve to close.
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18, = The system of claim 17, wherein the float valve is communicatively coupled

to the control system, wherein the control system does not activate the vacuum-
generating source to generate the vacuum level to the vacuum-actuated shear valve

until the float valve vent is closed.

19.  The system of claim 12, further comprising a service switch coupled to the
vacuum-actuated shear valve and a service switch vent, wherein the service switch
opens the service switch vent to cause a loss of vacuum level causing the vacuum-

actuated shear valve to close when the service switch is set to a service mode.

20.  The system of claim 19, wherein the service switch closes the service switch

vent when the service switch is set to a run mode.
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21.  The system of claim 20, wherein if the service switch is set to the run mode,
the vacuum-actuated shear valve will open once vacuum level is generated by the

vacuum-generating source and applied to the vacuum-actuated shear valve.

22.  The system of claim 19, wherein the service switch is communicatively
coupled to the control system, wherein the control system does not activate the
vacuum-generating source to generate the vacuum level to the vacuum-actuated shear

valve until the service switch vent is closed.

23.  The system of claim 12, further comprising a filter valve interlock coupled to a
filter coupling, a filter interlock valve vent, and the vacuum-actuated shear valve,
wherein the removing a filter from the filter coupling causes the filter valve interlock
to open the filter interlock valve vent to cause a loss of vacuum level causing the

vacuum-actuated shear valve to close.
24.  The system of claim 12, wherein the vacuum-generating source isa

submersible turbine pump, wherein a siphon on the submersible turbine pump is

fluidly coupled to the vacuum-actuated shear valve.
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25.  The system of claim 12, wherein the at least one fuel-handling component is a
component comprised from the group consisting of a main fuel piping, a branch fuel
piping, an internal fuel dispenser piping, a dispenser sump, a submersible turbine
pump, a submersible turbine pump sump, a submersible turbine pump secondary

container, a shear valve, and a fuel storage tank..

26.  The system of claim 12, further comprising a shear valve controller fluidly
coupled between the vacuum-generating source and the vacuum-actuated shear valve
and controllably coupled to the control system, wherein the control system controls
the shear valve controller to control the vacuum level applied to the vacuum-actuated

shear valve.

27.  The system of claim 26, whetein the conirol ‘systeminsfritcts'the shear-valve -
controller to decouple the vacuum-actuated shear valve from the vacuum level to
cause a loss of vacuum applied to the vacuum-actuated shear valve causing the

vacuum-actuated shear valve to close in response to a condition.

28.  The system of claim 27, wherein the condition is generated as a result of the
control system detecting a fuel leak, an alarm, a signal from a fuel dispenser door

switch, or a signal from a service switch.

29.  The system of claim 28, wherein the fuel leak is caused as a result of the at
least one fuel handling component containing a leak the fuel-handling component

interstitial space.

30.  The system of claim 26, wherein the shear valve controller is comprised of a
pilot valve that contains a pilot valve vent, wherein the control system causes the pilot
valve vent to open causing a loss of vacuum applied to the vacuum-actuated shear

valve causing the vacuum-actuated shear valve to close.
31.  The system of claim 12, further comprising a pressure sensor coupled to the

control system and to the fuel-handling component interstitial space, wherein the

control system detects a leak in the fuel-handling component interstitial space by
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measuring pressure variations of the vacuum level generated in the fuel-handling

component interstitial space.

32, The system of claim 29, wherein the fuel leak is detected by either a liquid
level sensor that detects a fuel leak from the at least one fuel-handling component, or
a vacuum sensor that detects a loss of vacuum in the at least one fuel-handling

component interstitial space indicative of a leak in the fuel-handling component.

33.  The system of claim 26, further comprising an operability valve coupled to the
vacuum-actuated shear valve, wherein actuation of the operability valve causes an
operability valve vent to open thereby causing a loss of vacuum applied to the
vacuum-actuated shear valve causing the vacuum-actuated shear valve to close.
34. A method for automatically controlling a supply of fuel to a fuel dispenser,
comprising the steps of:

activating a vacuum-generating source under control of a control system to
generate a vacuum level;

applying the vacuum level to a fuel-handling component interstitial space
surrounding a fuel-handling component that receives fuel from a fuel storage tank;
and

coupling the vacuum level applied to the fuel-handling component interstitial
space to a vacuum-actuated shear valve that contains a fuel flow path coupled to a
main fuel piping to carry fuel from the main fuel piping to the fuel dispenser, wherein
the vacuum level applied to the vacuum-actuated shear valve automatically opens the

fuel flow path of the vacuum-actuated shear valve.

35.  The method of claim 34, further comprising closing the fuel flow path of the
vacuum-actuated shear valve in response to a loss of vacuum level in the fuel-

handling component interstitial space.
36.  The method of claim 34, further comprising fluidly coupling a shear valve

interstitial space that surrounds the vacuum-actuated shear valve to the fuel-handling

component interstitial space, so that a vacuum level applied to the fuel-handling
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¥ component 1nterst1t1aI space also apphes a vacuum level to the shear valve interstitial

space.

37.  The method of claim 36, wherein the fuel handling-component is comprised of
a double-walled internal fuel dispenser piping having an internal fuel dispenser piping
interstitial space, wherein the internal fuel dispenser piping is coupled to the vacuum-
actuated shear valve to receive fuel from the main fuel piping, and the double-walled
internal fuel dispenser piping interstitial space is coupled to the shear valve interstitial

space.

38.  The method of claim 36, further comprising fluidly coupling a main fuel
piping interstitial space that surrounds the main fuel piping to the shear valve

interstitial space. : B e

39.  The method of claim 34, further comprising:
opening a float valve vent coupled to a float valve and a float when the float
rises in a dispenser sump indicative of a leak to allow air into the float valve;
communicating the air coming into the float valve to the vacuum-actuated
shear valve to cause a loss of vacuum level causing the vacuum-actuated shear valve

to close.

40.  The method of claim 39, further comprising communicating the opening of the
float valve vent to the control system, wherein the control system does not activate the
vacuum-generating source to generate a vacuum level to the vacuum-actuated shear

valve until the float valve vent is closed.

41.  The method of claim 34, further comprising:
opening a service switch vent coupled to a service switch when the service
switch is set to a service mode to allow air into the service switch; )
communicating the air coming into the service switch vent to the vacuum-
actuated shear valve to cause a loss of vacuum level causing the vacuum-actuated

shear valve to close.
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42."  The method of claim 41, further comprising closing the service switch vent to

cut off air from coming in through the service switch vent when the service switch is

set to a run mode.

43.  The method of claim 42, further comprising regenerating the vacuum level

applied to the vacuum-actuated shear valve after the step of closing.

44.  The method of claim 43, further comprising the control system performing the
step of regenerating after receiving a signal that the service switch has been set to the

run mode.

45.  The method of claim 34, further comprising:

opening a filter valve interlock vent coupied o « filter valve. interlock when a
filter is removed from a filter coupling coupled to the filter valve interlock to allow air
into the filter valve interlock;

communicating the air coming into the filter valve interlock vent to the
vacuum-actuated shear valve to cause a loss of vacuum level causing the vacuum-

actuated shear valve to close.

46.  The method of claim 34, wherein the step of activating a vacuum-generating
source comprises activating a submersible turbine pump to generate the vacuum level

using a siphon coupled to the submersible turbine pump.

47.  The method of claim 34, wherein the fuel-handling component is a component
comprised from the group consisting of a main fuel piping, a branch fuel piping, an
internal fuel dispenser piping, a dispenser sump, a submersible turbine pump, a
submersible turbine pump sump, a submersible turbine pump secondary container,

and a fuel storage tank.

48.  The method of claim 34, further comprising controlling a shear valve
controller fluidly coupled between the vacuum-generating source and the vacuum-
actuated shear valve to control the vacuum level applied to the vacuum-actuated shear

valve,
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9. The method of claim 48, further comprising instructing the shear valve
controller to decouple the vacuum-actuated shear valve from the vacuum level to
cause a loss of vacuum applied to the vacuum-actuated shear valve causing the

vacuum-actuated shear valve to close in response to a condition.

50.  The method of claim 49, wherein the condition is generated as a result of the
control system detecting a fuel leak, an alarm, a signal from a fuel dispenser door

switch, or a signal from a service switch.

51. The method of claim 50, wherein detecting the fuel leak is further comprised
of detecting a leak in the fuel-handling component containing a leak in the fuel-
handling component interstitial space.

52.  The method of claim 48, further comprising activating a pilot valve vent in a
pilot valve in the shear valve controller to open causing a loss of vacuum applied to

the vacuum-actuated shear valve causing the vacuum-actuated shear valve to close.

53.  The method of claim 34, further comprising detecting a leak in the fuel-
handling component interstitial space by measuring pressure variations of the vacuum
level generated in the fuel-handling component interstitial space using a pressure

sensor.

54.  The method of claim 51, wherein detecting the leak is comprised of either
detected a fuel leak in the fuel-handling component using a liquid level sensor, or
detecting a loss of vacuum in the fuel-handling component interstitial space indicative

of a leak in the fuel-handling component using a vacuum sensor.

55.  The method of claim 48, further comprising opening an operability vent valve
céupled to an operability valve that is coupled to the vacuum-actuated shear valve
when the operability valve is actuated to cause a loss of vacuum applied to the

vacuum-actuated shear valve causing the vacuum-actuated shear valve to close.
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