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PRESSURE VACUUM VALVE

BACKGROUND OF THE DISCLOSURE

1. Cross-Reference to Related Application

[0001] This application claims priority to U.S. Provisional Application Serial No.
62/767,336 filed on November 14, 2018, the entire disclosure of which is hereby explicitly

incorporated by reference in its entirety.
2. Field of the Disclosure

[0002] This disclosure relates generally to a pressure/vacuum valve for relieving over
and/or under pressure conditions in a storage tank and, more particularly, to a pressure/vacuum
valve for use with a fuel storage tank and which can be positioned at a working height above
grade with an atmospheric vent fluidly connected to the pressure/vacuum valve and extending to

a vent height, as required by fire code.
3. Description of the Related Art

[0003] Hydrocarbon fuels can be stored in aboveground and underground storage tanks
AST and UST, respectfully). No matter the position of the storage tank, over and under pressure
situations in the storage tank can develop, which can have deleterious effects on fueling system

components and/or performance.

[0004] Transfer of fuel from a fuel storage tank to a fuel reservoir is typically
accompanied by recovery of the vapor from the recipient fuel reservoir in a process known in the
art as vapor recovery. In short, vapor recovery replaces the vapor of the recipient fuel reservoir
with fuel, while adding the removed vapor from the recipient fuel reservoir to the ullage space
(i.e., the volume of the fuel storage tank not occupied by liquid fuel) of the fuel storage tank.
Vapor recovery systems and processes (and the failure of certain components of the same) can
lead to over and under pressure situations in the fuel storage tank. Environmental conditions

(e.g., temperature) and/or sudden changes in the same can contribute to such effects.

[0005] For example, during the fueling of vehicles, liquid gasoline is delivered from the
fuel storage tank (e.g., a UST) to the vehicle fuel tank thereby displacing a mixture of gasoline

vapor and air from the vehicle fuel tank. To minimize release of gasoline vapor into the
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atmosphere, gasoline dispenser nozzles equipped with vapor recovery apparatus collect the
displaced gasoline vapor and air and deliver it to the ullage of the UST. Preferably, a 1:1 ratio is
sought between the volume of liquid gasoline drawn from the UST to the volume of gasoline
vapor and air returned into the ullage by the vapor recovery system; however, this balance is
difficult to achieve, and excess or insufficient air and gasoline vapor can be introduced into the
UST in place of the dispensed fuel, thereby creating over or under pressure conditions in the
UST. Also, newer vehicles include on-board vapor recovery systems that manage the vapors
displaced during the vehicle filling process. In this example, air is returned to the UST rather
than saturated vapor. When exposed to fuel in the tank, the air expands as it saturates, causing

pressure in the UST to increase.

[0006] Similarly, during addition of fuel to a fuel storage tank, liquid gasoline is
delivered from a tanker truck to the fuel storage tank (e.g., a UST) thereby displacing a mixture
of gasoline vapor and air from inside the fuel storage tank. To minimize release of gasoline
vapor into the atmosphere, tanker trucks can be equipped with vapor recovery systems to collect
the displaced gasoline vapor and air and deliver it to the now empty portion of the compartment
of the tanker truck being used to fill the UST. As with vapor recovery utilized when fueling
vehicles from a fuel storage tank, an appropriate balance in the exchange of liquid fuel for fuel
vapor and air can be difficult to achieve, with the fuel storage tank potentially being placed in

either an over or under pressure condition.

[0007] To relieve over or under pressure in a fuel storage tank, a pressure/vacuum (P/V)
valve is placed in fluid communication with the fuel storage tank to allow venting to the
atmosphere. In an over pressure situation, the excess pressure can escape to atmosphere through
the P/V valve. In an under pressure or vacuum situation, the P/V valve allows air from outside
the fuel storage tank to enter the fuel storage tank. The P/V valve can be designed to operate

(i.e., open) at specific pressure and vacuum values.

[0008] In the United States, the National Fire Protection Association (NFPA) code (i.e.,
NFPA 30) requires that a P/V valve connected to a fuel storage tank be positioned 12 feet above
grade. Similar codes and/or regulations can be found in other jurisdictions. To meet such fire
codes, P/V valves are typically positioned atop riser pipes extending adjacent to the manholes

covering the riser pipe/drop tube combinations utilized for fuel tank loading or are positioned
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atop riser pipes extending through the canopy covering the fuel dispensers at a fueling station.
Positioning P/V valves in this way safely vents fuel vapor at an appropriate (according to fire

code) height, but creates a barrier to easily accessing the P/V valve for service or replacement.

SUMMARY OF THE DISCLOSURE

[0009] The present disclosure provides a P/V valve that can be positioned at a working
height above grade (i.e., a height reachable by a service technician positioned at grade) while still
providing appropriate resistance to fire and explosion by venting to atmosphere at an appropriate
height above grade (e.g., 12 feet). In certain exemplifications of the present disclosure, the P/V
valve features a diaphragm actuated two-way poppet valve actuatable by a valve piston. In
alternative exemplifications of the present disclosure, the P/V valve is positioned intermediate
grade and the distal end of a P/V valve riser pipe and is contained in a vault fluidly connected to
the P/V valve riser pipe, the P/V valve locally venting in the vault, which is hermetically sealed

to the P/V valve riser pipe.

[0010] In one form thereof, the present disclosure provides a pressure/vacuum vent for a
storage tank, comprising: a pressure/vacuum valve, comprising: a pressure/vacuum valve
housing defining a first port fluidly connecting an interior of the pressure/vacuum valve housing
and an exterior of the housing, and a second port fluidly connecting an interior of the housing
and an exterior of the housing; a valve assembly actuatable to selectively allow a vacuum inlet
flow from the second port of the pressure/vacuum valve housing to the first port of the
pressure/vacuum valve housing and further actuatable to selectively allow a pressure outlet flow
from the first port of the pressure/vacuum valve housing to the second port of the
pressure/vacuum valve housing; a pressure/vacuum valve riser pipe for fluid communication
with the storage tank; a vault in fluid communication with the pressure/vacuum valve riser pipe,
with a lower segment of the pressure/vacuum valve riser pipe fluidly connected to the vault and
an upper segment of the pressure/vacuum valve riser pipe fluidly connected to the vault, the vault
positioned at a vault height above a grade level and the upper segment of the pressure/vacuum
valve riser pipe terminates at a vent height above the grade level, the vent height being greater
than the vault height, whereby the vault is positioned intermediate the lower segment of the

pressure/vacuum valve riser pipe and the upper segment of the pressure/vacuum valve riser pipe,
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the vault sized to selectively receive and enclose the pressure/vacuum valve with the first port of
the pressure/vacuum valve housing in fluid communication with the lower segment of the
pressure/vacuum valve riser pipe and with the second port of the pressure/vacuum valve housing
in fluid communication with the upper segment of the pressure/vacuum valve riser pipe via the
vault; with the pressure/vacuum valve operably received in the vault, the valve assembly
selectively providing a fluid connection between the lower segment of the pressure/vacuum
valve riser pipe and an interior of the vault, whereby the valve assembly is actuatable to allow
the vacuum inlet flow to travel into the upper segment of the pressure/vacuum valve riser pipe to
the interior of the vault, through the valve assembly and the lower segment of the
pressure/vacuum valve riser pipe and into the storage tank, whereby the valve assembly is further
actuatable to allow the pressure outlet flow to travel from the storage tank into the lower segment
of the pressure/vacuum valve riser pipe, through the valve assembly to the interior of the vault
and through the upper segment of the pressure/vacuum valve riser pipe. In exemplary
embodiments of this form of the present disclosure, the pressure/vacuum valve is selectively
securable relative to the vault, the pressure/vacuum valve removable from the vault while the
lower segment of the pressure/vacuum valve riser pipe and the upper segment of the
pressure/vacuum valve riser pipe remain fluidly connected to the vault. In exemplary
embodiments of this form of the present disclosure, the pressure/vacuum valve housing is
selectively threadedly connected to the vault to secure the pressure/vacuum valve relative to the
vault. In exemplary embodiments of this form of the present disclosure, the valve assembly
comprises: a vent inlet selectively openable to allow the vacuum inlet flow from the second port
of the pressure/vacuum valve housing to the first port of the pressure/vacuum valve housing; and
a pressure outlet selectively openable to allow the pressure outlet flow from the first port of the
pressure/vacuum valve housing to the second port of the pressure/vacuum valve housing. In
exemplary embodiments of this form of the present disclosure, the vault comprises: a vault
housing defining an interior sized and shaped to receive the pressure/vacuum valve; and a vault
cover selectively securable and hermetically sealable to the vault housing, whereby the vault
cover is selectively removable to provide access to the pressure/vacuum valve contained in the
interior of the vault housing. In exemplary embodiments of this form of the present disclosure,
the vault is positioned in-line with the lower segment of the pressure/vacuum valve riser pipe and

the vault is positioned in-line with the upper segment of the pressure/vacuum valve riser pipe
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such that a longitudinal axis of the lower segment of the pressure/vacuum valve riser pipe and a

longitudinal axis of the upper segment of the pressure/vacuum valve riser pipe both intersect the
pressure/vacuum valve when it is operably secured within the vault. In exemplary embodiments
of the present disclosure, the pressure/vacuum valve is removable as a subassembly from the

vault.

[0011] In another form thereof, the present disclosure provides a pressure/vacuum vent
for a storage tank, comprising: a pressure/vacuum valve riser pipe for fluid communication with
the storage tank and with atmosphere, the pressure/vacuum valve riser pipe including a storage
tank end and an atmosphere port, the pressure/vacuum valve riser pipe including a chamber
positioned intermediate the storage tank end and the atmosphere port; and a pressure/vacuum
valve, the chamber sized to receive the pressure/vacuum valve, the pressure/vacuum valve
selectively securable within the chamber in fluid communication with the pressure/vacuum valve
riser pipe and operable to selectively block flow through the pressure/vacuum valve riser pipe,
the chamber positioned in-line with a longitudinal axis of the pressure/vacuum valve riser pipe
such that the longitudinal axis of the pressure/vacuum valve riser pipe intersects the
pressure/vacuum valve when the pressure/vacuum valve is secured within the chamber in fluid
communication with the pressure/vacuum valve riser pipe and operable to selectively block fluid
flow through the pressure/vacuum valve riser pipe. In exemplary embodiments of this form of
the present disclosure, the pressure/vacuum valve riser pipe comprises a vault, the vault
comprising: a vault housing defining an interior, the interior comprising the chamber sized to
receive the pressure/vacuum valve; and a vault cover selectively securable and hermetically
sealable to the vault housing, whereby the vault cover is selectively removable to provide access
to a pressure/vacuum valve contained in the interior of the vault housing. In exemplary
embodiments of this form of the present disclosure, the chamber defines a chamber cross
sectional area relative to the longitudinal axis of the pressure/vacuum valve riser pipe comprising
a largest cross-sectional area of the pressure/vacuum valve riser pipe. In exemplary
embodiments of this form of the present disclosure, the chamber is positioned at a chamber
height above a grade level, the pressure/vacuum valve riser pipe in fluid communication with
atmosphere at a vent height above the grade level, the vent height being greater than the chamber
height. In exemplary embodiments of this form of the present disclosure, the pressure/vacuum

valve riser pipe comprises a lower segment of the pressure/vacuum valve riser pipe fluidly
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connected to the vault and an upper segment of the pressure/vacuum valve riser pipe fluidly
connected to the vault, the lower segment of the pressure/vacuum valve riser pipe and the vault
positioned in-line with the upper segment of the pressure/vacuum valve riser pipe such that a
longitudinal axis of the lower segment of the pressure/vacuum riser pipe and a longitudinal axis
of the upper segment of the pressure/vacuum riser pipe both intersect the pressure/vacuum valve
when it is operably secured within the vault. In exemplary embodiments of this form of the
present disclosure, the pressure/vacuum valve comprises a pressure/vacuum valve housing
defining a first port fluidly connecting an interior of the pressure/vacuum valve housing and an
exterior of the pressure/vacuum valve housing, and a second port fluidly connecting an interior
of the pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing; a
vent inlet selectively openable to allow a vacuum inlet flow from the second port of the
pressure/vacuum valve housing to the first port of the pressure/vacuum valve housing; a pressure
outlet selectively openable to allow a pressure outlet flow from the first port of the
pressure/vacuum valve housing to the second port of the pressure/vacuum valve housing. In
exemplary embodiments of this form of the present disclosure, the pressure/vacuum valve is
selectively securable relative to the vault, the pressure/vacuum valve removable from the vault
while the lower segment of the pressure/vacuum valve riser pipe and the upper segment of the

pressure/vacuum valve riser pipe remain fluidly connected to the vault.

[0012] In a further form thereof, the present disclosure provides a pressure/vacuum
valve, comprising: a pressure/vacuum valve housing defining a first port fluidly connecting an
interior of the housing and an exterior of the housing, and a second port fluidly connecting an
interior of the housing and an exterior of the housing; a valve piston displaceable within the
pressure/vacuum valve housing from an upper position to a lower position, a reciprocation of the
valve piston opening a flow path between the first port and the second port, an outer periphery of
the valve piston sealed relative to the pressure/vacuum valve housing, the valve piston biased to
a rest position blocking the flow path between the first port and the second port, the valve piston
presenting a valve piston surface area in fluid communication with the first port, the valve piston
displaceable in a first direction to move the valve piston relative to a pressure valve body and
thereby unseat the pressure valve body from a pressure valve seat in response to positive
pressure communicated from the first port to the valve piston surface area, the valve piston

displaceable in a second direction together with the pressure valve body to unseat a vacuum
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valve body from a vacuum valve seat in response to a vacuum communicated from the first port
to the valve piston surface. In exemplary embodiments of this form of the present disclosure, the
pressure/vacuum valve further comprises a diaphragm secured to the valve piston and to the
pressure/vacuum valve housing, the diaphragm sealing the valve piston relative to the
pressure/vacuum valve housing. In exemplary embodiments of this form of the present
disclosure, the pressure valve seat is position inward from a periphery of the valve piston. In
exemplary embodiments of this form of the present disclosure, displacement of the valve piston
in the second direction causes displacement of the pressure valve body to unseat the vacuum
valve body from the vacuum valve seat. In exemplary embodiments of this form of the present
disclosure, the pressure/vacuum valve is provided in combination with a storage tank, the
combination further comprising a pressure/vacuum valve riser pipe in fluid communication with
the storage tank and the pressure/vacuum valve. In exemplary embodiments of this form of the
present disclosure, the combination further comprises a vault in fluid communication with the
pressure/vacuum valve riser pipe, with a lower segment of the pressure/vacuum valve riser pipe
fluidly connected to the vault and an upper segment of the pressure/vacuum valve riser pipe
fluidly connected to the vault, the vault positioned at a vault height above a grade level and the
upper segment of the pressure/vacuum valve riser pipe terminates at a vent height above the
grade level, the vent height being greater than the vault height, whereby the vault is positioned
intermediate the lower segment of the pressure/vacuum valve riser pipe and the upper segment of
the pressure/vacuum valve riser pipe, the vault sized to receive the pressure/vacuum valve
housing, with the first port of the pressure/vacuum valve housing in fluid communication with
the lower segment of the pressure/vacuum valve riser pipe and with the second port of the
pressure/vacuum valve housing selectively providing a fluid connection between the lower
segment of the pressure/vacuum valve riser pipe and an interior of the vault. In exemplary
embodiments of this form of the present disclosure, the pressure/vacuum valve is selectively
securable relative to the vault, the pressure/vacuum valve removable from the vault while the
lower segment of the pressure/vacuum valve riser pipe and the upper segment of the
pressure/vacuum valve riser pipe remain fluidly connected to the vault. In exemplary
embodiments of this form of the present disclosure, the vault positioned in-line with the lower
segment of the pressure/vacuum valve riser pipe and the vault positioned in-line with the upper

segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of the lower
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segment of the pressure/vacuum valve riser pipe and a longitudinal axis of the upper segment of
the pressure/vacuum valve riser pipe both intersect the pressure/vacuum valve when it is

operably secured with the vault.

[0013] In yet another form thereof, the present disclosure provides a pressure/vacuum
valve kit, comprising: a pressure/vacuum valve, comprising: a pressure/vacuum valve housing
defining a first port fluidly connecting an interior of the pressure/vacuum valve housing and an
exterior of the housing, and a second port fluidly connecting an interior of the housing and an
exterior of the housing; a valve assembly actuatable to selectively allow a vacuum inlet flow
from the second port of the pressure/vacuum valve housing to the first port of the
pressure/vacuum valve housing and further actuatable to selectively allow a pressure outlet flow
from the first port of the pressure/vacuum valve housing to the second port of the
pressure/vacuum valve housing; and a pressure/vacuum valve connector operable to secure the
pressure/vacuum valve in an operable position to regulate flow through the pressure/vacuum
valve; an adapter comprising an adapter conduit and an adapter connector, the adapter connector
complementary to the pressure/vacuum valve connector so that engagement of the adapter
connector with the pressure/vacuum valve connector secures the adapter to the pressure/vacuum
valve with the adapter conduit in fluid communication with the first port of the pressure/vacuum
valve housing, the adapter further securable to a pressure/vacuum valve riser pipe for fluid
communication with a storage tank, whereby, with the adapter secured to the pressure/vacuum
valve riser pipe and the pressure/vacuum valve secured to the adapter, the valve assembly of the
pressure/vacuum valve is in fluid communication with the storage tank; and a vault including an
inlet and a chamber sized to receive the pressure/vacuum valve, the vault including a vault
connector, the vault connector complementary to the pressure/vacuum valve connector so that
engagement of the vault connector with the pressure/vacuum valve connector secures the
pressure/vacuum valve to the vault with the inlet to the vault in fluid communication with the
first port of the pressure/vacuum valve housing, the vault further securable to the
pressure/vacuum valve riser pipe for fluid communication with the storage tank, whereby, with
the vault secured to the pressure/vacuum valve riser pipe and the pressure/vacuum valve secured
to the vault, the valve assembly of the pressure/vacuum valve is in fluid communication with the
storage tank. In exemplary embodiments of this form of the present disclosure, the valve

assembly comprises a valve piston displaceable within the pressure/vacuum valve housing from
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an upper position to a lower position, a reciprocation of the valve piston opening a flow path
between the first port and the second port, an outer periphery of the valve piston sealed relative
to the pressure/vacuum valve housing, the valve piston biased to a rest position blocking the flow
path between the first port and the second port, the valve piston presenting a valve piston surface
area in fluid communication with the first port, the valve piston displaceable in a first direction to
move the valve piston relative to a pressure valve body and thereby unseat the pressure valve
body from a pressure valve seat in response to positive pressure communicated from the first
port to the valve piston surface area, the valve piston displaceable in a second direction together
with the pressure valve body to unseat a vacuum valve body from a vacuum valve seat in
response to a vacuum communicated from the first port to the valve piston surface area. In
exemplary embodiments of this form of the present disclosure, further comprise a diaphragm
secured to the valve piston and to the pressure/vacuum valve housing, the diaphragm sealing the
valve piston relative to the pressure/vacuum valve housing. In exemplary embodiments of this
form of the present disclosure, the pressure valve seat is positioned inward from a periphery of
the valve piston. In exemplary embodiments of this form of the present disclosure, displacement
of the valve piston in the second direction causes displacement of the pressure valve body to
unseat the vacuum valve body from the vacuum valve seat. In exemplary embodiments of this
form of the present disclosure, the pressure/vacuum valve kit is provided in combination with a
storage tank, the combination further comprising a pressure/vacuum valve riser pipe in fluid
communication with the storage tank and the pressure/vacuum valve. In exemplary
embodiments of this form of the present disclosure, the vault is in fluid communication with the
pressure/vacuum valve riser pipe, with a lower segment of the pressure/vacuum valve riser pipe
fluidly connected to the vault and an upper segment of the pressure/vacuum valve riser pipe
fluidly connected to the vault, the vault positioned at a vault height above a grade level and the
upper segment of the pressure/vacuum valve riser pipe terminates at a vent height above the
grade level, the vent height being greater than the vault height, whereby the vault is positioned
intermediate the lower segment of the pressure/vacuum valve riser pipe and the upper segment of
the pressure/vacuum valve riser pipe, the vault sized to receive the pressure/vacuum valve
housing, with the first port of the pressure/vacuum valve housing in fluid communication with

the lower segment of the pressure/vacuum valve riser pipe and with the second port of the
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pressure/vacuum valve housing selectively providing a fluid connection between the lower

segment of the pressure/vacuum valve riser pipe and an interior of the vault.

[0014] In yet a further form thereof, the present disclosure provides: a pressure/vacuum
vent for a storage tank, comprising: a vault comprising a vault housing defining a chamber, a
first vault port in fluid communication with the chamber and a second vault port in fluid
communication with the chamber; and a pressure/vacuum valve comprising: a pressure/vacuum
valve housing including a first valve housing port fluidly connecting an interior of the
pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing, the valve
housing further including a second valve housing port fluidly connecting an interior of the
pressure/vacuum valve and an exterior of the pressure/vacuum valve housing; a valve assembly
actuatable to selectively allow a vacuum inlet flow from the second valve housing port of the
pressure/vacuum valve to the first valve housing port of the pressure/vacuum valve and further
actuatable to selectively allow a pressure outlet flow from the first valve housing port of the
pressure/vacuum valve to the second valve housing port of the pressure/vacuum valve; and a
connector selectively securing the pressure/vacuum valve within the chamber with the first valve
housing port of the pressure/vacuum valve in fluid communication with the first vault port, the
pressure/vacuum valve removable as a subassembly from the vault, with the valve assembly
actuated to allow the pressure outlet flow, the first vault port fluidly connected by the valve
assembly to the chamber of the vault to allow the pressure outlet flow to pass from the first vault
port into the valve housing, then through the valve assembly and then into the chamber; with the
valve assembly actuated to allow the vacuum inlet flow, the chamber of the vault fluidly
connected by the valve assembly to the first valve housing port to allow the vacuum inlet flow to
pass from the chamber of the vault into the valve housing, then through the valve assembly and
then into the first vault port. In exemplary embodiments of this form of the present disclosure,
the pressure/vacuum vent further comprises a pressure/vacuum valve riser pipe for fluid
communication with the storage tank, the vault in fluid communication with the pressure/vacuum
valve riser pipe, the vault positioned in-line with the pressure/vacuum valve riser pipe such that a
longitudinal axis of the pressure/vacuum valve riser pipe intersects the pressure/vacuum valve
when it is operably secured within the vault. In exemplary embodiments of this form of the

present disclosure, the vault comprises a vault cover selectively securable and hermetically

10
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sealable to the vault housing, whereby the vault cover is selectively removable to provide access

to a pressure/vacuum valve contained in the interior of the vault housing.

[0015] In yet a further form thereof, the present disclosure provides a pressure/vacuum
vent for a storage tank, comprising a pressure/vacuum valve riser pipe connectable in fluid
communication with the storage tank, the pressure/vacuum valve riser pipe comprising a lower
segment; and an upper segment; a vault, comprising a vault housing; and a vault cover, the vault
cover selectively securable and hermetically sealable to the vault housing; the lower segment of
the pressure/vacuum valve riser pipe hermetically sealed to the vault to fluidly connect the vault
to the storage tank when the pressure/vacuum valve riser pipe is connected in fluid
communication with the storage tank, the upper segment of the pressure/vacuum valve riser pipe
hermetically sealed to the vault to fluidly connect the upper segment of the pressure/vacuum
valve riser pipe to the lower segment of the pressure/vacuum valve riser pipe when the vault
cover is hermetically sealed to the vault housing; and a pressure/vacuum valve, the vault sized to
receive and enclose the pressure/vacuum valve within a vault chamber defined by the vault
housing and the vault cover when the vault cover is secured to the vault housing, the
pressure/vacuum valve operably positionable in the vault to selectively allow a pressure flow
from the lower segment of the pressure/vacuum valve riser pipe to the upper segment of the
pressure/vacuum valve riser pipe at a pressure greater than or equal to a valve cracking pressure
and to selectively allow a vacuum flow from the upper segment of the pressure/vacuum valve
riser pipe to the lower segment of the pressure/vacuum valve riser pipe at a valve cracking
vacuum greater than or equal to a valve cracking vacuum, whereby the valve prevents fluid
communication between the upper segment of the pressure/vacuum valve riser pipe and the
lower segment of the pressure/vacuum valve riser pipe is neither the valve cracking pressure nor
the valve cracking vacuum is received at the pressure/vacuum valve, with the pressure/vacuum
valve removed from the vault, and the vault cover secured and hermetically sealed to the vault
housing, the lower segment of the pressure/vacuum valve riser pipe in constant fluid
communication with the upper segment of the pressure/vacuum valve riser pipe. In exemplary
embodiments of this form of the present disclosure, th vault is positioned in-line with the lower
segment of the pressure/vacuum valve riser pipe and the vault is positioned in-line with the upper
segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of the lower

segment of the pressure/vacuum valve riser pipe and a longitudinal axis of the upper segment of
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the pressure/vacuum valve riser pipe both intersect the pressure/vacuum valve when it is
operably positioned in the vault. In exemplary embodiments of this form of the present
disclosure, the pressure/vacuum valve is removable as a subassembly from the vault. In
exemplary embodiments of this form of the present disclosure, with the pressure/vacuum valve
riser pipe operably connected in fluid communication with the storage tank, the vault is
positioned at a working height above a grade level and the upper segment of the
pressure/vacuum valve riser pipe is in fluid communication with atmosphere at a vent height

above the grade level, the vent height greater than the working height.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above-mentioned and other features and advantages of this disclosure, and
the manner of attaining them, will become more apparent and will be better understood by
reference to the following description of exemplary embodiments taken in conjunction with the

accompanying drawings, wherein:
[0017] Figure 1 is a partial perspective view of an exemplary fueling station;

[0018] Figure 2 is a representation of a fueling station showing a tanker truck filling an

underground fuel storage tank;

[0019] Figure 3 is a radial elevational view of a vault positioned at a working height
above grade along a P/V valve riser pipe, the vault sized and shaped to contain a P/V valve of the
present disclosure and designed to hermetically seal the P/V valve therein while providing
venting to atmosphere at an appropriate height above grade in accordance with fire prevention

code;

[0020] Figure 4 is a radial elevational view of a P/V valve riser pipe including a P/V
valve of the present disclosure positioned at a terminal end of the P/V valve riser pipe positioned

at an appropriate height above grade in accordance with fire prevention code;

[0021] Figure 5 is a partial, sectional view taken along line A-A’ of Figure 3;
[0022] Figure 6A is a sectional view taken along line A-A’ of Figure 3;
[0023] Figure 6B is a sectional view taken along line B-B’ of Figure 4;
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[0024] Figure 7 is a partial perspective of the vault and P/V valve shown in Figure 3,

with the vault cover plate removed,

[0025] Figure 7A is an enlarged sectional view taken along line C-C’ of Figure 4

illustrating a closed position of the P/V valve;

[0026] Figure 7B is an enlarged sectional view taken along line C-C’ of Figure 4

illustrating a valve open relieving positive tank pressure position of the P/V valve;

[0027] Figure 7C is an enlarged sectional view taken along line C-C’ of Figure 4

illustrating a valve open relieving over-pressure position of the P/V valve;

[0028] Figure 7D is an enlarged sectional view taken along line C-C’ of Figure 4

illustrating a valve open relieving negative tank pressure (vacuum) position of the P/V valve;

[0029] Figure 8 is a perspective view of a vault riser pipe arrangement in accordance

with the present disclosure; and

[0030] Figure 9 is a perspective, exploded view of the P/V valve of the present
disclosure.
[0031] Corresponding reference characters indicate corresponding parts throughout the

several views. The exemplifications set out herein illustrate exemplary embodiments of the
invention and such exemplifications are not to be construed as limiting the scope of the invention

in any manner.

DETAILED DESCRIPTION OF THE DRAWINGS

[0032] For the purposes of promoting an understanding of the principles of the present
disclosure, reference is now made to the embodiments illustrated in the drawings, which are
described below. The embodiments disclosed below are not intended to be exhaustive or limit
the present disclosure to the precise forms disclosed in the following detailed description.
Rather, the embodiments are chosen and described so that others skilled in the art may utilize
their teachings. Therefore, no limitation of the scope of the present disclosure is thereby

intended.
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[0033] Figures 1 and 2 illustrate fueling station 20. As shown in Figure 1, fueling station
20 features canopy 22 covering fuel dispensers 24. Figure 2 illustrates fuel dispenser 24 together
with tanker truck 30 positioned to fill UST 26. Fuel dispenser 24 is in fluid communication with
UST 26 and is operable to dispense fuel contained in UST 26. In the event that fuel from UST
26 1s dispensed into a vehicle, a vapor recovery system may be utilized to exchange air and fuel
vapor from the vehicle for the dispensed fuel. Stated another way, as fuel from UST 26 is
dispensed into the vehicle, air and vapor from the vehicle may be collected and transferred to
ullage 28 of UST 26, if stage II vapor recovery is provided at the fueling station in question. A
similar exchange takes place between UST 26 and tanker truck 30 on filling of UST 26 from
tanker truck 30.

[0034] Figure 2 illustrates tanker truck 30 fluidly connected to UST 26 by fill hose 32 so
that the liquid fuel contained in tanker truck 30 can be deposited in UST 26. As illustrated in
Figure 2, UST 26 includes riser pipe 34 extending upwardly therefrom, with drop tube 36
extending through riser pipe 34 into UST 26 in a conventional manner. Also illustrated is
overfill prevention valve 38, which functions to prevent overfilling of UST 26. When filling
UST 26 from tanker truck 30, a vapor recovery system will be used to replace the fuel dropped

into UST 26 from tanker truck 30 with a similar volume of air and fuel vapor from UST 26.

[0035] As illustrated in Figure 2, P/V valve 40 is fluidly connected via P/V valve riser
pipe 42 to ullage 28 of UST 26. P/V valve 40 is shown at a height above grade 44 sufficient to
comply with fire code (e.g., 12 feet above grade 44). An alternative configuration of P/V valve
40 is shown in Figure 1, with P/V valve riser pipe 42 protruding upwardly from canopy 22
positioned above fuel dispensers 24. In one aspect of the present disclosure, P/V valve 40 can be
positioned at a working height W (Figure 2) while still providing appropriate resistance to fire
and explosion by venting to atmosphere at an appropriate height above grade (e.g., 12 feet). For
example, a P/V valve of the present disclosure can be positioned in vault 46 positioned at a
working height W while venting to atmosphere at a vent height V that is greater than working
height W, as will be further described below. While P/V valve 40 is illustrated in conjunction
with a UST, similar configurations can be utilized with an AST. P/V valve 40 may be connected
to the ullage 28 of one or many UST’s 26. If connected to more than one UST 26, a manifold
may be used to connect multiple UST’s to a single P/V valve 40. In exemplifications of the

present disclosure, vault 46 can comprise a ductile iron housing providing protection of an
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enclosed P/V valve 40, which, owing to the protection provided by enclosure of P/V valve 40 in
the vault, can be made of molded plastic parts and be placed at a working height without fear of
damage. Vault 46 can provide similar protection and be made of steel (including stainless steel).

Vault 46 can cooperate with a riser pipe made of steel to appropriately meet fire code.

[0036] Figure 2 shows P/V valve 40 positioned at a vent height V above grade 44
sufficient to comply with fire code together with a vault 46 positioned at a working height W and
operable to enclose a P/V valve as further described herein. While both P/V valve 40 and vault
46 are shown connected to a single P/V valve riser pipe 42 in Figure 2, only one P/V valve is
typically utilized with a single P/V valve riser pipe. Stated another way, if P/V valve 40 were
implemented at vent height V, as shown in Figure 2, then vault 46 would be rendered
superfluous, as only a single P/V valve per riser pipe 42 is needed. Similarly, if vault 46 shown
in Figure 2 operatively housed a P/V valve, then another P/V valve 40 at vent height V would

not be needed.

[0037] In the arrangement of Figure 4 (and also shown in Figure 6B), P/V valve 40 is
positioned at a terminal end of P/V valve riser pipe 42b at a vent height V sufficient to meet fire
prevention code, e.g., at 12 feet above grade as mandated by NFPA 30. Specifically, valve riser
pipe 42b includes a central passageway that is sealed in fluid communication with ullage 28 of
UST 26 such that fuel vapor and air from ullage 28 are communicated into the central
passageway of valve riser pipe 42b in the event that UST 26 experiences a pressure condition.
Similarly, a vacuum condition in UST 26 will communicate a negative pressure (vacuum) to the
central passageway of valve riser pipe 42b. The pressure or vacuum within valve riser pipe 42b

will reach P/V valve 40 and be connected to the atmosphere at an appropriate cracking pressure.

[0038] In the arrangement of Figure 3 (and also shown in Figure 6A), P/V valve 40 is
positioned in vault 46. Vault 46 forms a part of the vent conduit from ullage 28 formed by P/V
valve riser pipe 42 and is positioned at working height W, e.g., a height of approximately 4-5

feet above grade 44 (Figure 1). Vault 46 defines a chamber cross-sectional area relative to the
longitudinal axis of the pressure/vacuum valve riser pipe that is the largest cross-sectional area of
the pressure/vacuum valve riser pipe. Specifically, lower segment 42a of P/V valve riser pipe 42
is threadably secured and sealed relative to vault 46, as shown in detail in the cross-sectional

view of Figure 5. Similarly, upper segment 42a’ is threadably secured and sealed to vault 46.
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With vault threadably secured to P/V valve riser pipe segments 42a and 42a’, the central
passageways of P/V valve riser pipe segments 42a and 42a’ and in fluid communication with the

cavity defined internal of vault housing 46a.

[0039] Referring to Figures 3, 5-8, vault 46 is formed by vault housing 46a and vault
cover plate 46b. Vault housing 46a incorporates a lower threaded boss into which lower segment
42a of P/V valve riser pipe 42 is threadably secured. Vault housing 46a further includes an
upper boss into which upper segment 42a’ of P/V valve riser pipe 42 is threadably secured.
Vault cover plate 46b is selectively secured to vault housing 46a by a plurality of fasteners,
illustratively a plurality of hex head screws spaced about the perimeter of vault cover plate 46b
and being received through vault cover plate 46b and threaded into apertures formed in vault
housing 46a. With vault cover plate 46b secured to vault housing 46a, vault 46 cooperates with
P/V riser plate 42 to form a sealed fluid path between ullage 28 (Figure 2) of UST and ambient
atmosphere above grade 44. Specifically, vent apertures are provided under rain cap 48 (Figure
3) to allow vapor and air from ullage 28 to escape UST 26 and be vented to ambient atmosphere
in an overpressure condition of UST 26 and/or to allow ambient air to enter ullage 28 of UST 26

in a vacuum condition of UST 26.

[0040] To provide selective fluid communication between ullage 28 of UST 26 and
ambient, P/V valve 40 is operatively positioned within vault 46 to selectively fluidly connect
ullage 28 to ambient at chosen pressure and vacuum values within UST 26. Specifically, P/V
valve 40 opens or “cracks” at specific pressure and vacuum values to fluidly connect ullage 28 of
UST 26 to ambient. With connections to/from P/V valve riser pipe 42 hermetically sealed and
vault 46 further hermetically sealed by securement of vault cover plate 46b to vault housing 46a,
connection of ullage 28 of UST 26 to ambient is controlled during normal operation of the

associated fueling station by the opening and closing of P/V valve 40.

[0041] Referring to Figure 5, the lower boss extending from vault 46, i.e., the boss into
which lower segment 42a of P/V valve riser pipe 42 is threadedly secured, features a second set
of internal threads into which P/V valve 40 is threadedly secured. As illustrated, O-ring 50 is
positioned within an external annular groove of connector 51 of P/V valve 40 to seal P/V valve
40 relative to vault 46. In the exemplification shown, connector 51 of P/V valve 40 features

external threading allowing P/V valve 40 to be selectively operably secured within vault 46 and
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removed therefrom as a subassembly. Removable as a subassembly means that P/V valve 40 can
be removed as a fully functional valve assembly including a housing featuring first port 52,
second port 82 and a valve assembly actuatable to selectively allow a vacuum inlet flow from
second port 82 of pressure/vacuum valve housing 56 to first port 52 of pressure/vacuum valve
housing 56 and further actuatable to selectively allow a pressure outlet flow from first port 52 of
the pressure/vacuum valve housing 56 to second port 82 of the pressure/vacuum valve housing
56. When removed from vault 46, P/V valve 40 can be secured to adapter 88 in the
configuration shown in Figure 6B and further described herein. In lieu of adapter 88, the internal
threads adjacent to port 52 can be directly secured to riser pipe 42b. In operative position
secured within vault 46, P/V valve 40 includes a first port 52 in fluid communication with lower
segment 42a of P/V valve riser pipe 42 and; therefore, in fluid communication with ullage 28 of
UST 26. The flow path through first port 52 of P/V valve 40 extends upwardly to valve piston
54, which is sealed relative to housing 56 (56a, 56b) of P/V valve 40 by diaphragm 58. More
particularly, washer 60 is secured to valve piston 54, with diaphragm 58 sandwiched between
washer 60 and valve piston 54. In this way, the inner diameter of ring shaped diaphragm 58 is
hermetically sealed to valve piston 54. Housing 56 of P/V valve 40 comprises upper housing
56a and lower housing 56b. The outer diameter of ring shaped diaphragm 58 is sandwiched
between upper housing 56a and lower housing 56b before securement of these housing elements
to one another, thereby hermetically sealing the outer diameter of ring shaped diaphragm 58 to

housing 56.

[0042] Adapter 88 features internal threads identical to the internal threads featured in
lower boss of vault 46, thereby allowing P/V valve 40 to be alternatively threadably secured in
fluid communication with either vault 46 or adapter 88 in the configurations shown, e.g., in
Figures 6A and 6B. In this way, adapter 88, vault 46 and P/V valve 40 can be sold as a kit, with
P/V valve 40 alternatively useable with either adapter 88 or vault 46. In embodiments utilizing
internal threads adjacent to first port 52 of P/V valve 40, the lower boss of P/V valve 40 forming
first port 52 can be directly threaded to the riser pipe, with the riser pipe defining the “adapter.”

[0043] Figure 5 illustrates P/V valve 40 operationally secured within the internal cavity
defined by vault housing 46a. Figure 6 illustrates two alternative arrangements of P/V valve 40.
Figure 6A shows P/V valve 40 operationally positioned within vault housing 46a, with upper

segment 42a’ of P/V valve riser pipe 42 venting to ambient through vent 62, with rain cap 48
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positioned atop upper segment 42a’ to cover vent 62 and block precipitation from entering upper
segment 42a’ of P/V valve riser pipe 42. In this configuration, upper segment 42a’ of P/V valve
riser pipe 42 terminates at a vent height V above grade 44, while vault 46 is positioned at a
working height W above grade 44, with vent height V being greater than working height W.
Figure 6B shows an alternative arrangement in which P/V valve riser pipe 42 is not interrupted
by vault 46 and includes P/V valve 40 positioned at vent height V above grade. In this

configuration, P/V valve 40 vents directly to ambient.

[0044] Figures 7A-7D show P/V valve 40 is a variety of operational states, including: a
closed state (Figure 7A), a valve open relieving positive tank pressure state (Figure 7B), a valve
open relieving over-pressure condition state (Figure 7C), and a valve open relieving negative
tank pressure (i.e., tank vacuum condition) (Figure 7D). With the following description of the
structure and operation of P/V valve 40, reference is made to Figures 5 and 7A-7D. While
Figures 7A-7D illustrate a configuration of P/V valve 40 as it would be utilized in the
configuration of Figures 4 and 6B (i.e., at the terminal end of P/V valve riser pipe 42), the
function of P/V valve 40 is identical when incorporated into vault 46 (see, e.g., Figures 3 and
6A). When P/V valve 40 is utilized in vault 46, rain cap 48 may be removed from P/V valve 40.
In all other respects, P/V valve 40 remains unchanged whether it is utilized within vault 46 or at
the terminal end of P/V valve riser pipe 42. Rain cap 48 may also be retained with P/V valve 40
when it is utilized in vault 46 to facilitate use of P/V valve 40 in a multi-use kit. In such an
installation, rain cap 48 will, advantageously deflect condensation from upper segment 42a’ from

entering P/V valve 40. In these cases, P/V valve 40 is identical whether used with a vault or not.

[0045] P/V valve 40 includes lower stem 64 reciprocally supported in support 66 of
lower housing 56b at a lower end of lower stem 64. Upper end 64a of lower stem 64 features
radially extending pressure valve body 68. Pressure valve body 68 seats against valve seat 70
formed in valve piston 54 when P/V valve 40 maintains the closed position, as will be further
described below in conjunction with the operation of P/V valve 40. As illustrated in Figure 7A,
upper end 64a of lower stem 64 includes a central radially extending ring interdigitating with the
material of pressure valve body 68 to secure pressure valve body 68 for reciprocation with lower
stem 64. Interposed between upper end 64a of lower stem 64 and support 66 is spring 72.
Connecting shaft 74 is threadedly secured to lower stem 64, with an O-ring interposed

therebetween to effect sealing between connecting shaft 74 and lower stem 64.

18



WO 2020/102219 PCT/US2019/060960

[0046] Connecting shaft 74 extends upwardly from lower stem 64 and through valve
piston 54. More particularly, central boss 54a of valve piston 54 features a central aperture sized
to slidably receive connecting shaft 74. With connecting shaft 74 positioned through central
boss 54a of valve piston 54, valve piston 54 is free to reciprocate within housing 56 of P/V valve
40 along connecting shaft 74. At the end of connecting shaft 74 opposite lower stem 64, vacuum
valve body 76 is threadedly secured to connecting shaft 74, with an O-ring interposed
therebetween to effect sealing between connecting shaft 74 and vacuum valve body 76. Vacuum
valve body 76 comprises a two-piece valve body featuring an inner support threaded to
connecting shaft 74 and having a central radially extending ring interdigitating with the material
of the outer body of vacuum valve body 76 to secure the two pieces of vacuum valve body 76
one to the other. Vacuum valve body 76 is, in alternative exemplifications, over-molded atop

connecting shaft 74.

[0047] Spring 78 is positioned over central boss 54a of valve piston 54, with an upper
end of spring 78 abutting a washer positioned intermediate vacuum valve body 76 and spring 78
and a lower end of spring 78 abutting an annular shoulder presented by valve piston 54. Vacuum
valve body 76 seats against valve seat 80 when P/V valve 40 maintains the closed position, as

will be further described below in conjunction with the operation of P/V valve 40.

[0048] With valve piston 54 in fluid communication with ullage 28 of UST 26 via P/V
valve riser pipe 42, a vacuum or pressure within UST 26 will be applied to valve piston 54.
When a sufficient valve cracking pressure (e.g., a pressure in the range of 2.5-6 inches of water
column or about 620-1490 Pascal) is experienced in UST 26 and therefore applied to valve
piston 54, valve piston 54 moves along the longitudinal axis of connecting shaft 74 from the
position illustrated in Figure 7A to the position illustrated in Figure 7B. Particularly, valve
piston 54 is moved by the pressure in UST 26 (and P/V valve riser pipe 42) against the biasing
force of spring 78 and away from pressure valve body 68 to unseat pressure valve body 68 from
valve seat 70 and fluidly connect the chamber of P/V valve housing above valve piston 54 and
diaphragm 58 to the chamber of P/V valve housing below valve piston 54 and diaphragm 58.
As valve piston 54 is moved upwardly against the biasing force of spring 78, lower stem 64 is
held static by the force of spring 72. Particularly, spring 72 forces lower stem 64 and thereby
connecting shaft 74 and vacuum valve body 76 upwardly to seat vacuum valve body 76 against

valve seat 80. Pressure acting the undersurface of valve piston 54 will also encounter pressure
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valve body 68, cooperating with spring 72 to urge lower stem 64 and thereby connecting shaft 74
and vacuum valve body 76 upwardly to seat vacuum valve body 76 against valve seat 80.
Throughout this document, “pressure” is used as a shorthand for positive pressure, i.e., pressure
that is greater than atmospheric pressure. Measures of pressure such as inches of water column

are understood to be positive measurements when associated with “pressure.”

[0049] In the position illustrated in Fig. 7B, flow F1 through P/V valve 40 is achieved to
vent the excess pressure from UST 26 to ambient. Particularly, flow F1 is comprised of fuel
vapor and air from ullage 28 of UST 26 (Figure 2). Flow F1 through P/V valve 40 begins at first
port 52 of P/V valve 40 (after passing first vault port 84, if P/V valve 40 is used in conjunction
with vault 46) and continues through the central aperture through washer 60, through the gap
between valve seat 70 and pressure valve body 68 (i.e., the pressure outlet through P/V valve
40), through central aperture 54b of valve piston 54 and finally through second port 82 of P/V
valve 40. As illustrated in the Figures and described herein, first port 52 and second port 82 of
P/V valve 40 function to connect an interior of housing 56 to an exterior of housing 56, as
allowed by the operation of P/V valve 40 as described in detail herein. If P/V valve 40 is used
with vault 46, flow F1 enters the chamber defined by vault housing 46a before passing through
upper segment 42a’ of the P/V valve riser pipe and exiting to atmosphere through the vent

apertures provided below rain cap 48 (Fig. 6A).

[0050] When a greater pressure condition is experienced in UST 26 (relative to the
condition causing the valve to operate as illustrated in Figure 7B), valve piston 54 is forced
further upward (relative to the position illustrated in Figure 7B) to the position illustrated in
Figure 7C, allowing an increased (relative to flow F1) flow F2 through P/V valve 40 to vent the
excess pressure from UST 26 to ambient. The overpressure condition of UST 26 yielding the
position of valve piston 54 shown in Figure 7C can be due to a “bad drop,” i.e., a drop of fuel
from tanker truck 30 to UST 26 without proper connection and/or operation of vapor recovery
equipment. In the event that P/V valve 40 is implemented in vault 46, flow F2 follow the same

path as flow F1 described above.

[0051] When a sufficient valve cracking vacuum (e.g., a vacuum in the range of 6-10
inches water column or about 1490-2490 Pascal) is experienced in UST 26 and therefore applied

to valve piston 54, valve piston 54 moves along the longitudinal axis of connecting shaft 74 (but
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not relative to connecting shaft 74) to the position illustrated in Figure 7D. Particularly, valve
piston 54 is pulled by the vacuum in UST 26 (and P/V valve riser pipe 42) against the biasing
force of spring 72. More particularly, valve piston 54 is pulled against pressure valve body 68
such that valve piston 54 is pulled, together with valve body 68 and lower stem 64 against the
biasing force of spring 72, thereby also pulling connecting shaft 74 and vacuum valve body 76
away from the position illustrated in Figure 7A and toward the position illustrated in Figure 7D.
In the position illustrated in Figure 7D, vacuum valve body 76 is unseated from valve seat 80 to
create a vent inlet in P/V valve 40 and fluidly connect the chamber of P/V valve housing above
valve piston 54 and diaphragm 58 to the chamber of P/V valve housing below valve piston 54
and diaphragm 58. Particularly, with vacuum valve body 76 unseated from valve seat 80,
ambient air can be pulled in flow F3 into P/V valve 40, through the central cannula through
vacuum valve body 76, connecting shaft 74 and lower stem 64 to P/V valve riser pipe 42 and
finally ullage 28 of UST 26. Throughout this document, “vacuum” is used to denote negative
pressure, i.e., pressure that is less than atmospheric pressure. Measures of pressure such as

inches of water column are understood to be negative values when associated with “vacuum.”

[0052] This document describes positive cracking pressure (2.5-6 inches of water
column) of P/V valve 40 as well as negative cracking pressure or vacuum (6-10 inches of water
column). Another important functional aspect of P/V valve 40 is the leak rate, i.e., the rate at
which vapor and air from the storage tank can pass through P/V valve 40 at a positive pressure
less than the cracking pressure and/or the rate at which ambient air can pass through P/V valve
40 at a vacuum less than the negative cracking pressure. The valve of the present disclosure
features a positive pressure leak rate of less than or equal to 0.057 cubic feet per hour (CFH) at
+2.0 inches of water column. The valve of the present disclosure also features a negative
pressure (vacuum) leak rate of less than or equal to 0.21 CFH at -4.0 inches of water column.
These values are 1/3 of the maximum allowable leak rates to account for the fact that three
storage tanks can be manifolded to a single P/V valve 40 or each tank can utilize its own riser
pipe and P/V valve 40. By setting the leak rate at 1/3 of the maximum allowed by EPA/CARB,

P/V valve 40 is useable in either setup.

[0053] When utilized in the configuration illustrated in Figures 4 and 6B, second port 82
(see, e.g., Fig. 7A) fluidly connects the interior of housing 56 of P/V valve 40 to ambient through

screen 90 (Fig. 9). In the configuration illustrated in Figures 3 and 6A (i.e., in conjunction with
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vault 46), second port 82 fluidly connects the interior of housing 56 of P/V valve 40 to interior
46c¢ (Figure 7) of vault 46. In use, vault 46 is hermetically sealed and enclose P/V valve 40 by
securement of vault cover plate 46b to vault housing 46a (Figure 8). With vault 46 hermetically
sealed, flow (F1, F2, or F3) through second port 82 of P/V valve 40 connects to ambient via vent
62 located at vent height V above grade 44 (Figures 2 and 6A).

[0054] When P/V valve 40 is utilized in conjunction with vault 46, P/V valve 40 can be
positioned at working height W above grade to be serviced by a technician positioned at grade 44
without requiring the assistance of a ladder or lift equipment. To service P/V valve 40, a
technician removes the fasteners securing vault cover plate 46b in place to access P/V valve 40.
After removing vault cover plate 46b, P/V valve 40 can be unthreaded from vault 46 for
servicing or replacement. In a way that advantageously facilitates flow through P/V valve 40
and P/V valve riser pipe segments 42a, 42a’, vault 46 is positioned in-line with valve riser pipe
segments 42a, 42a’. Particularly, the longitudinal axes of riser pipe segments 42a, 42a’ both
intersect P/V valve 40 when it is operably positioned in vault 46, as illustrated, e.g., in Figure 7.
A P/V valve utilized in conjunction with vault 46 can be inexpensively made of plastic, owing to
the protection from tampering provided by vault 46.

[0055] While this invention has been described as having exemplary designs, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.
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WHAT IS CLAIMED IS:

1. A pressure/vacuum vent for a storage tank, comprising:
a pressure/vacuum valve, comprising:

a pressure/vacuum valve housing defining a first port
fluidly connecting an interior of the pressure/vacuum valve
housing and an exterior of the pressure/vacuum valve housing, and
a second port fluidly connecting an interior of the pressure/vacuum
valve housing and an exterior of the pressure/vacuum valve

housing;

a valve assembly actuatable to selectively allow a vacuum
inlet flow from the second port of the pressure/vacuum valve
housing to the first port of the pressure/vacuum valve housing and
further actuatable to selectively allow a pressure outlet flow from
the first port of the pressure/vacuum valve housing to the second

port of the pressure/vacuum valve housing;
a pressure/vacuum valve riser pipe for fluid communication with the storage tank;

a vault in fluid communication with the pressure/vacuum valve riser pipe, with a lower
segment of the pressure/vacuum valve riser pipe fluidly connected to the vault and an upper
segment of the pressure/vacuum valve riser pipe fluidly connected to the vault, the vault
positioned at a vault height above a grade level and the upper segment of the pressure/vacuum
valve riser pipe terminates at a vent height above the grade level, the vent height being greater
than the vault height, whereby the vault is positioned intermediate the lower segment of the
pressure/vacuum valve riser pipe and the upper segment of the pressure/vacuum valve riser pipe,
the vault sized to selectively receive and enclose the pressure/vacuum valve with the first port of
the pressure/vacuum valve housing in fluid communication with the lower segment of the
pressure/vacuum valve riser pipe and with the second port of the pressure/vacuum valve housing
in fluid communication with the upper segment of the pressure/vacuum valve riser pipe via the

vault;
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with the pressure/vacuum valve operably received in the vault, the valve assembly
selectively providing a fluid connection between the lower segment of the pressure/vacuum
valve riser pipe and an interior of the vault, whereby the valve assembly is actuatable to allow
the vacuum inlet flow to travel into the upper segment of the pressure/vacuum valve riser pipe to
the interior of the vault, through the valve assembly and the lower segment of the
pressure/vacuum valve riser pipe and into the storage tank, whereby the valve assembly is further
actuatable to allow the pressure outlet flow to travel from the storage tank into the lower segment
of the pressure/vacuum valve riser pipe, through the valve assembly to the interior of the vault

and through the upper segment of the pressure/vacuum valve riser pipe.

2. The pressure/vacuum vent of claim 1, wherein the pressure/vacuum valve is selectively
securable relative to the vault, the pressure/vacuum valve removable from the vault while the
lower segment of the pressure/vacuum valve riser pipe and the upper segment of the

pressure/vacuum valve riser pipe remain fluidly connected to the vault.

3. The pressure/vacuum vent of claim 2, wherein the pressure/vacuum valve housing is
selectively threadedly connected to the vault to secure the pressure/vacuum valve relative to the

vault.
4. The pressure/vacuum vent of claim 1, wherein the valve assembly comprises:

a vent inlet selectively openable to allow the vacuum inlet flow from the second port of

the pressure/vacuum valve housing to the first port of the pressure/vacuum valve housing; and

a pressure outlet selectively openable to allow the pressure outlet flow from the first port

of the pressure/vacuum valve housing to the second port of the pressure/vacuum valve housing.
5. The pressure/vacuum vent of claim 1, wherein the vault comprises:

a vault housing defining an interior sized and shaped to receive the pressure/vacuum

valve; and

a vault cover selectively securable and hermetically sealable to the vault housing,
whereby the vault cover is selectively removable to provide access to the pressure/vacuum valve

contained in the interior of the vault housing.

6. The pressure/vacuum vent of claim 1, wherein the vault is positioned in-line with the

lower segment of the pressure/vacuum valve riser pipe and the vault is positioned in-line with the

24



WO 2020/102219 PCT/US2019/060960

upper segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of the lower
segment of the pressure/vacuum valve riser pipe and a longitudinal axis of the upper segment of
the pressure/vacuum valve riser pipe both intersect the pressure/vacuum valve when it is

operably secured within the vault.

7. The pressure/vacuum vent of claim 1, wherein the pressure/vacuum valve is removable as

a subassembly from the vault.
8. A pressure/vacuum vent for a storage tank, comprising:

a pressure/vacuum valve riser pipe for fluid communication with the storage tank and
with atmosphere, the pressure/vacuum valve riser pipe including a storage tank end and an
atmosphere port, the pressure/vacuum valve riser pipe including a chamber positioned

intermediate the storage tank end and the atmosphere port; and

a pressure/vacuum valve, the chamber sized to receive the pressure/vacuum valve, the
pressure/vacuum valve selectively securable within the chamber in fluid communication with the
pressure/vacuum valve riser pipe and operable to selectively block flow through the
pressure/vacuum valve riser pipe, the chamber positioned in-line with a longitudinal axis of the
pressure/vacuum valve riser pipe such that the longitudinal axis of the pressure/vacuum valve
riser pipe intersects the pressure/vacuum valve when the pressure/vacuum valve is secured
within the chamber in fluid communication with the pressure/vacuum valve riser pipe and

operable to selectively block fluid flow through the pressure/vacuum valve riser pipe.

9. The pressure/vacuum vent of claim 8, wherein the pressure/vacuum valve riser pipe

comprises a vault, the vault comprising:

a vault housing defining an interior, the interior comprising the chamber sized to receive

the pressure/vacuum valve; and

a vault cover selectively securable and hermetically sealable to the vault housing,
whereby the vault cover is selectively removable to provide access to a pressure/vacuum valve

contained in the interior of the vault housing.

10. The pressure/vacuum vent of claim 8, wherein the chamber defines a chamber cross
sectional area relative to the longitudinal axis of the pressure/vacuum valve riser pipe comprising

a largest cross-sectional area of the pressure/vacuum valve riser pipe.
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11.  The pressure/vacuum vent of claim 8, wherein the chamber is positioned at a chamber
height above a grade level, the pressure/vacuum valve riser pipe in fluid communication with
atmosphere at a vent height above the grade level, the vent height being greater than the chamber

height.

12. The pressure/vacuum vent of claim 9, wherein the pressure/vacuum valve riser pipe
comprises a lower segment of the pressure/vacuum valve riser pipe fluidly connected to the vault
and an upper segment of the pressure/vacuum valve riser pipe fluidly connected to the vault, the
lower segment of the pressure/vacuum valve riser pipe and the vault positioned in-line with the
upper segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of the lower
segment of the pressure/vacuum riser pipe and a longitudinal axis of the upper segment of the
pressure/vacuum riser pipe both intersect the pressure/vacuum valve when it is operably secured

within the vault.
13. The pressure/vacuum vent of claim 8, wherein the pressure/vacuum valve comprises:

a pressure/vacuum valve housing defining a first port fluidly connecting an interior of the
pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing, and a
second port fluidly connecting an interior of the pressure/vacuum valve housing and an exterior

of the pressure/vacuum valve housing;

a vent inlet selectively openable to allow a vacuum inlet flow from the second port of the

pressure/vacuum valve housing to the first port of the pressure/vacuum valve housing; and

a pressure outlet selectively openable to allow a pressure outlet flow from the first port of

the pressure/vacuum valve housing to the second port of the pressure/vacuum valve housing.

14. The pressure/vacuum vent of claim 12, wherein the pressure/vacuum valve is selectively
securable relative to the vault, the pressure/vacuum valve removable from the vault while the
lower segment of the pressure/vacuum valve riser pipe and the upper segment of the

pressure/vacuum valve riser pipe remain fluidly connected to the vault.
15. A pressure/vacuum valve, comprising:

a pressure/vacuum valve housing defining a first port fluidly connecting an interior of the

pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing, and a
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second port fluidly connecting the interior of the pressure/vacuum valve housing and the exterior

of the pressure/vacuum valve housing;

a valve piston displaceable within the pressure/vacuum valve housing from an upper
position to a lower position, a reciprocation of the valve piston opening a flow path between the
first port and the second port, an outer periphery of the valve piston sealed relative to the
pressure/vacuum valve housing, the valve piston biased to a rest position blocking the flow path
between the first port and the second port, the valve piston presenting a valve piston surface area
in fluid communication with the first port, the valve piston displaceable in a first direction to
move the valve piston relative to a pressure valve body and thereby unseat the pressure valve
body from a pressure valve seat in response to positive pressure communicated from the first
port to the valve piston surface area, the valve piston displaceable in a second direction together
with the pressure valve body to unseat a vacuum valve body from a vacuum valve seat in

response to a vacuum communicated from the first port to the valve piston surface.
16. The pressure/vacuum valve of claim 15, further comprising:

a diaphragm secured to the valve piston and to the pressure/vacuum valve housing, the

diaphragm sealing the valve piston relative to the pressure/vacuum valve housing.

17.  The pressure/vacuum valve of claim 15, wherein the pressure valve seat is

positioned inward from a periphery of the valve piston.

18. The pressure/vacuum valve of claim 15, wherein displacement of the valve piston
in the second direction causes displacement of the pressure valve body to unseat the vacuum

valve body from the vacuum valve seat.

19. The pressure/vacuum valve of any of claims 15-17 in combination with a storage

tank, the combination further comprising:

a pressure/vacuum valve riser pipe in fluid communication with the storage tank and the

pressure/vacuum valve.
20. The combination of claim 19, further comprising:

a vault in fluid communication with the pressure/vacuum valve riser pipe, with a lower
segment of the pressure/vacuum valve riser pipe fluidly connected to the vault and an upper

segment of the pressure/vacuum valve riser pipe fluidly connected to the vault, the vault

27



WO 2020/102219 PCT/US2019/060960

positioned at a vault height above a grade level and the upper segment of the pressure/vacuum
valve riser pipe terminates at a vent height above the grade level, the vent height being greater
than the vault height, whereby the vault is positioned intermediate the lower segment of the
pressure/vacuum valve riser pipe and the upper segment of the pressure/vacuum valve riser pipe,
the vault sized to receive the pressure/vacuum valve housing, with the first port of the
pressure/vacuum valve housing in fluid communication with the lower segment of the
pressure/vacuum valve riser pipe and with the second port of the pressure/vacuum valve housing
selectively providing a fluid connection between the lower segment of the pressure/vacuum

valve riser pipe and an interior of the vault.

21. The pressure/vacuum valve of claim 20, wherein the pressure/vacuum valve is selectively
securable relative to the vault, the pressure/vacuum valve removable from the vault while the
lower segment of the pressure/vacuum valve riser pipe and the upper segment of the

pressure/vacuum valve riser pipe remain fluidly connected to the vault.

22.  The pressure/vacuum valve of claim 20, wherein the vault is positioned in-line with the
lower segment of the pressure/vacuum valve riser pipe and the vault positioned in-line with the
upper segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of the lower
segment of the pressure/vacuum valve riser pipe and a longitudinal axis of the upper segment of
the pressure/vacuum valve riser pipe both intersect the pressure/vacuum valve when it is

operably secured within the vault.
23. A pressure/vacuum valve kit, comprising:
a pressure/vacuum valve, comprising:

a pressure/vacuum valve housing defining a first port
fluidly connecting an interior of the pressure/vacuum valve
housing and an exterior of the pressure/vacuum valve housing, and
a second port fluidly connecting the interior of the
pressure/vacuum valve housing and the exterior of the

pressure/vacuum valve housing;

a valve assembly actuatable to selectively allow a vacuum

inlet flow from the second port of the pressure/vacuum valve
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housing to the first port of the pressure/vacuum valve housing and
further actuatable to selectively allow a pressure outlet flow from
the first port of the pressure/vacuum valve housing to the second

port of the pressure/vacuum valve housing; and

a pressure/vacuum valve connector operable to secure the
pressure/vacuum valve in an operable position to regulate flow

through the pressure/vacuum valve;

an adapter comprising an adapter conduit and an adapter connector, the adapter connector
complementary to the pressure/vacuum valve connector so that engagement of the adapter
connector with the pressure/vacuum valve connector secures the adapter to the pressure/vacuum
valve with the adapter conduit in fluid communication with the first port of the pressure/vacuum

valve housing, the adapter further securable for fluid communication with a storage tank; and

a vault including an inlet and a chamber sized to receive the pressure/vacuum valve, the
vault including a vault connector, the vault connector complementary to the pressure/vacuum
valve connector so that engagement of the vault connector with the pressure/vacuum valve
connector secures the pressure/vacuum valve to the vault with the inlet to the vault in fluid
communication with the first port of the pressure/vacuum valve housing, the vault further

securable for fluid communication with the storage tank.

24, The pressure/vacuum valve kit of claim 23, wherein the valve assembly comprises
a valve piston displaceable within the pressure/vacuum valve housing from an upper position to a
lower position, a reciprocation of the valve piston opening a flow path between the first port and
the second port, an outer periphery of the valve piston sealed relative to the pressure/vacuum
valve housing, the valve piston biased to a rest position blocking the flow path between the first
port and the second port, the valve piston presenting a valve piston surface area in fluid
communication with the first port, the valve piston displaceable in a first direction to move the
valve piston relative to a pressure valve body and thereby unseat the pressure valve body from a
pressure valve seat in response to positive pressure communicated from the first port to the valve
piston surface area, the valve piston displaceable in a second direction together with the pressure
valve body to unseat a vacuum valve body from a vacuum valve seat in response to a vacuum

communicated from the first port to the valve piston surface area.
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25. The pressure/vacuum valve of claim 24, further comprising:

a diaphragm secured to the valve piston and to the pressure/vacuum valve housing, the

diaphragm sealing the valve piston relative to the pressure/vacuum valve housing.

26.  The pressure/vacuum valve of claim 24, wherein the pressure valve seat is

positioned inward from a periphery of the valve piston.

27. The pressure/vacuum valve of claim 24, wherein displacement of the valve piston
in the second direction causes displacement of the pressure valve body to unseat the vacuum

valve body from the vacuum valve seat.

28. The pressure/vacuum valve of any of claims 24-27 in combination with a storage

tank, the combination further comprising:

a pressure/vacuum valve riser pipe in fluid communication with the storage tank and the

pressure/vacuum valve.

29. The combination of claim 28, wherein the vault is in fluid communication with
the pressure/vacuum valve riser pipe, with a lower segment of the pressure/vacuum valve riser
pipe fluidly connected to the vault and an upper segment of the pressure/vacuum valve riser pipe
fluidly connected to the vault, the vault positioned at a vault height above a grade level and the
upper segment of the pressure/vacuum valve riser pipe terminates at a vent height above the
grade level, the vent height being greater than the vault height, whereby the vault is positioned
intermediate the lower segment of the pressure/vacuum valve riser pipe and the upper segment of
the pressure/vacuum valve riser pipe, the vault sized to receive the pressure/vacuum valve
housing, with the first port of the pressure/vacuum valve housing in fluid communication with
the lower segment of the pressure/vacuum valve riser pipe and with the second port of the
pressure/vacuum valve housing selectively providing a fluid connection between the lower

segment of the pressure/vacuum valve riser pipe and an interior of the vault.

30. A pressure/vacuum vent for a storage tank, comprising:

a vault comprising a vault housing defining a chamber, a first vault port in fluid
communication with the chamber and a second vault port in fluid communication with the

chamber; and
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a pressure/vacuum valve comprising:

a pressure/vacuum valve housing including a first valve
housing port fluidly connecting an interior of the pressure/vacuum
valve housing and an exterior of the pressure/vacuum valve
housing, the valve housing further including a second valve
housing port fluidly connecting an interior of the pressure/vacuum

valve and an exterior of the pressure/vacuum valve housing;

a valve assembly actuatable to selectively allow a vacuum
inlet flow from the second valve housing port of the
pressure/vacuum valve to the first valve housing port of the
pressure/vacuum valve and further actuatable to selectively allow a
pressure outlet flow from the first valve housing port of the
pressure/vacuum valve to the second valve housing port of the

pressure/vacuum valve; and

a connector selectively securing the pressure/vacuum valve
within the chamber with the first valve housing port of the
pressure/vacuum valve in fluid communication with the first vault
port, the pressure/vacuum valve removable as a subassembly from

the vault,

with the valve assembly actuated to allow the pressure
outlet flow, the first vault port fluidly connected by the valve
assembly to the chamber of the vault to allow the pressure outlet
flow to pass from the first vault port into the pressure/vacuum
valve housing, then through the valve assembly and then into the

chamber;

with the valve assembly actuated to allow the vacuum inlet
flow, the chamber of the vault fluidly connected by the valve

assembly to the first valve housing port to allow the vacuum inlet
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flow to pass from the chamber of the vault into the valve housing,

then through the valve assembly and then into the first vault port.
31 The pressure/vacuum vent of claim 30, further comprising:

a pressure/vacuum valve riser pipe for fluid communication with the storage tank, the
vault in fluid communication with the pressure/vacuum valve riser pipe, the vault positioned in-
line with the pressure/vacuum valve riser pipe such that a longitudinal axis of the
pressure/vacuum valve riser pipe intersects the pressure/vacuum valve when it is operably

secured within the vault.

32.  The pressure/vacuum vent of claim 30, wherein the vault comprises:
a vault cover selectively securable and hermetically sealable to the vault housing,
whereby the vault cover is selectively removable to provide access to a pressure/vacuum valve

contained in the interior of the vault housing.

33. A pressure/vacuum vent for a storage tank, comprising:
a pressure/vacuum valve riser pipe connectable in fluid communication with the storage
tank, the pressure/vacuum valve riser pipe comprising:
a lower segment; and
an upper segment;
a vault, comprising:
a vault housing; and
a vault cover, the vault cover selectively securable and
hermetically sealable to the vault housing;
the lower segment of the pressure/vacuum valve riser pipe hermetically sealed to the
vault to fluidly connect the vault to the storage tank when the pressure/vacuum valve riser pipe is
connected in fluid communication with the storage tank, the upper segment of the
pressure/vacuum valve riser pipe hermetically sealed to the vault to fluidly connect the upper
segment of the pressure/vacuum valve riser pipe to the lower segment of the pressure/vacuum
valve riser pipe when the vault cover is hermetically sealed to the vault housing; and
a pressure/vacuum valve, the vault sized to receive and enclose the pressure/vacuum
valve within a vault chamber defined by the vault housing and the vault cover when the vault

cover is secured to the vault housing, the pressure/vacuum valve operably positionable in the
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vault to selectively allow a pressure flow from the lower segment of the pressure/vacuum valve
riser pipe to the upper segment of the pressure/vacuum valve riser pipe at a pressure greater than
or equal to a valve cracking pressure and to selectively allow a vacuum flow from the upper
segment of the pressure/vacuum valve riser pipe to the lower segment of the pressure/vacuum
valve riser pipe at a valve cracking vacuum greater than or equal to a valve cracking vacuum,
whereby the valve prevents fluid communication between the upper segment of the
pressure/vacuum valve riser pipe and the lower segment of the pressure/vacuum valve riser pipe
is neither the valve cracking pressure nor the valve cracking vacuum is received at the
pressure/vacuum valve,

with the pressure/vacuum valve removed from the vault, and the vault cover secured and
hermetically sealed to the vault housing, the lower segment of the pressure/vacuum valve riser
pipe in constant fluid communication with the upper segment of the pressure/vacuum valve riser
pipe.

34.  The pressure/vacuum vent of claim 33, wherein the vault is positioned in-line
with the lower segment of the pressure/vacuum valve riser pipe and the vault is positioned in-line
with the upper segment of the pressure/vacuum valve riser pipe such that a longitudinal axis of
the lower segment of the pressure/vacuum valve riser pipe and a longitudinal axis of the upper
segment of the pressure/vacuum valve riser pipe both intersect the pressure/vacuum valve when
it is operably positioned in the vault.

35.  The pressure/vacuum vent of claim 33, wherein the pressure/vacuum valve is
removable as a subassembly from the vault.

36. The pressure/vacuum vent of claim 33, wherein, with the pressure/vacuum valve
riser pipe operably connected in fluid communication with the storage tank, the vault is
positioned at a working height above a grade level and the upper segment of the
pressure/vacuum valve riser pipe is in fluid communication with atmosphere at a vent height

above the grade level, the vent height greater than the working height.
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concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-7 are directed toward a pressure/vacuum vent for a storage tank, comprising: the vault positioned at a vault height
above a grade level and the upper segment of the pressure/vacuum valve riser pipe terminates at a vent height above the grade level,
the vent height being greater than the vault height.

Group II: Claims 8-14 are directed toward a pressure/vacuum vent for a storage tank, comprising: the pressure/vacuum valve riser pipe
including a storage tank end and an atmosphere port; the pressure/vacuum valve selectively securable within the chamber in fluid
communication with the pressure/vacuum valve riser pipe and operable to selectively block flow through the pressure/vacuum valve riser
pipe.

Group lII: Claims 15-22 are directed toward a pressure/vacuum valve, comprising: a valve piston displaceable within the
pressure/vacuum valve housing from an upper position to a lower position, the valve piston biased to a rest position blocking the flow
path between the first port and the second port.

Group IV: Claims 23-29 are directed toward a pressure/vacuum valve kit, comprising: a pressure/vacuum valve connector, an adapter
comprising an adapter conduit and an adapter connector, the vault including a vault connector.

Group V: Claims 30-32 are directed toward a pressure/vacuum vent for a storage tank, comprising: a first vault port, the valve housing
further including a second valve housing port; and a valve assembly.

Group VI: Claims 33-36 are directed toward a pressure/vacuum vent for a storage tank, comprising: a vault cover, the vault cover
selectively securable and hermetically sealable to the vault housing; the lower segment of the pressure/vacuum valve riser pipe
hermetically sealed to the vauit.

The inventions listed as Groups |-VI do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons.

The special technical features of Group | include the vault positioned at a vault height above a grade level and the upper segment of the
pressure/vacuum valve riser pipe terminates at a vent height above the grade level, the vent height being greater than the vault height,
whereby the vault is positioned intermediate the lower segment of the pressure/vacuum valve riser pipe and the upper segment of the
pressure/vacuum valve riser pipe, the vault sized to selectively receive and enclose the pressure/vacuum valve with the first port of the
pressure/vacuum valve housing in fluid communication with the lower segment of the pressure/vacuum valve riser pipe and with the
second port of the pressure/vacuum valve housing in fluid communication with the upper segment of the pressure/vacuum valve riser
pipe via the vault; the valve assembly selectively providing a fluid connection between the lower segment of the pressure/vacuum valve
riser pipe and an interior of the vault, whereby the valve assembly is actuatable to allow the vacuum inlet flow to travel into the upper
segment of the pressure/vacuum valve riser pipe to the interior of the vault, through the valve assembly and the lower segment of the
pressure/vacuum valve riser pipe and into the storage tank, whereby the valve assembly is further actuatable to allow the pressure outlet
flow to travel from the storage tank into the lower segment of the pressure/vacuum valve riser pipe, through the valve assembly to the
interior of the vault and through the upper segment of the pressure/vacuum valve riser pipe.

The special technical features of Group |l include the pressure/vacuum valve riser pipe including a storage tank end and an atmosphere
port, the pressure/vacuum valve riser pipe including a chamber positioned intermediate the storage tank end and the atmosphere port;
the pressure/vacuum valve selectively securable within the chamber in fluid communication with the pressure/vacuum valve riser pipe
and operable to selectively block flow through the pressure/vacuum valve riser pipe, the chamber positioned in-line with a longitudinal
axis of the pressure/vacuum valve riser pipe such that the longitudinal axis of the pressure/vacuum valve riser pipe intersects the
pressure/vacuum valve when the pressure/vacuum valve is secured within the chamber in fluid communication with the pressure/vacuum
valve riser pipe and operable to selectively block fluid flow through the pressure/vacuum valve riser pipe.

The special technical features of Group !ll include a valve piston displaceable within the pressure/vacuum valve housing from an upper
position to a lower position, a reciprocation of the valve piston opening a flow path between the first port and the second port, an outer
periphery of the valve piston sealed relative to the pressure/vacuum valve housing, the valve piston biased to a rest position blocking the
flow path between the first port and the second port, the valve piston presenting a valve piston surface area in fluid communication with
the first port, the valve piston displaceable in a first direction to move the valve piston relative to a pressure valve body and thereby
unseat the pressure valve body from a pressure valve seat in response to positive pressure communicated from the first port to the valve
piston surface area, the valve piston displaceable in a second direction together with the pressure valve body to unseat a vacuum valve
body from a vacuum valve seat in response to a vacuum communicated from the first port to the valve piston surface.

The special technical features of Group |V include a pressure/vacuum valve connector operable to secure the pressure/vacuum valve in
an operable position to regulate flow through the pressure/vacuum valve; an adapter comprising an adapter conduit and an adapter
connector, the adapter connector complementary to the pressure/vacuum valve connector so that engagement of the adapter connector
with the pressure/vacuum valve connector secures the adapter to the pressure/vacuum valve with the adapter conduit in fluid
communication with the first port of the pressure/vacuum valve housing, the adapter further securable for fluid communication with a
storage tank; the vault including a vault connector, the vault connector complementary to the pressure/vacuum valve connector so that
engagement of the vault connector with the pressure/vacuum valve connector secures the pressure/vacuum valve to the vault with the
inlet to the vault in fluid communication with the first port of the pressure/vacuum valve housing.

-***-Continued Within the Nexl Supplemental Box-***-
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The special technical features of Group V include a first vault port in fluid communication with the chamber and a second vault port in fluid
communication with the chamber; the valve housing further including a second valve housing port fluidly connecting an interior of the
pressure/vacuum valve and an exterior of the pressure/vacuum valve housing; a valve assembly actuatable to selectively allow a vacuum
inlet flow from the second valve housing port of the pressure/vacuum valve to the first valve housing port of the pressure/vacuum valve
and further actuatable to selectively allow a pressure outlet flow from the first valve housing port of the pressure/vacuum valve to the
second valve housing port of the pressure/vacuum valve; and a connector selectively securing the pressure/vacuum valve within the
chamber with the first valve housing port of the pressure/vacuum valve in fluid communication with the first vault port, the
pressure/vacuum valve removable as a subassembly from the vault, with the valve assembly actuated to allow the pressure outlet flow,
the first vault port fluidly connected by the valve assembly to the chamber of the vault to allow the pressure outlet flow to pass from the
first vault port into the pressure/vacuum valve housing, then through the valve assembly and then into the chamber; with the valve
assembly actuated to allow the vacuum inlet flow, the chamber of the vault fluidly connected by the valve assembly to the first valve
housing port to allow the vacuum inlet flow to pass from the chamber of the vault into the valve housing, then through the valve assembly
and then into the first vault port.

The special technical features of Group VI include a vault cover, the vault cover selectively securable and hermetically sealable to the
vault housing; the lower segment of the pressure/vacuum valve riser pipe hermetically sealed to the vault to fluidly connect the vauit to the
storage tank when the pressure/vacuum valve riser pipe is connected in fluid communication with the storage tank, the upper segment of
the pressure/vacuum valve riser pipe hermetically sealed to the vault to fluidly connect the upper segment of the pressure/vacuum valve
riser pipe to the lower segment of the pressure/vacuum valve riser pipe when the vault cover is hermetically sealed to the vauit housing:
and a pressurefvacuum valve, the vault sized to receive and enclose the pressure/vacuum valve within a vault chamber defined by the
vault housing and the vault cover when the vault cover is secured to the vault housing, the pressure/vacuum valve operably positionable
in the vault to selectively allow a pressure flow from the lower segment of the pressure/vacuum valve riser pipe to the upper segment of
the pressure/vacuum valve riser pipe at a pressure greater than or equal to a valve cracking pressure and to selectively allow a vacuum
flow from the upper segment of the pressure/vacuum valve riser pipe to the lower segment of the pressure/vacuum valve riser pipe at a
valve cracking vacuum greater than or equal to a valve cracking vacuum, whereby the valve prevents fluid communication between the
upper segment of the pressure/vacuum valve riser pipe and the lower segment of the pressure/vacuum valve riser pipe is neither the
valve cracking pressure nor the valve cracking vacuum is received at the pressure/vacuum valve, with the pressure/vacuum valve
removed from the vault, and the vault cover secured and hermetically sealed to the vault housing, the lower segment of the
pressure/vacuum valve riser pipe in constant fluid communication with the upper segment of the pressure/vacuum valve riser pipe.

The common technical features of Groups |-V include a pressure/vacuum vent for a storage tank, comprising: a pressure/vacuum valve,
comprising: a pressure/vacuum valve housing defining a first port fluidly connecting an interior of the pressure/vacuum valve housing and
an exterior of the pressure/vacuum valve housing, and a second port fluidly connecting an interior of the pressure/vacuum valve housing
and an exterior of the pressure/vacuum valve housing; a valve assembly actuatable to selectively allow a vacuum inlet flow from the
second port of the pressure/vacuum valve housing to the first port of the pressure/vacuum valve housing and further actuatable to
selectively allow a pressure outlet flow from the first port of the pressure/vacuum valve housing to the second port of the pressure/vacuum
valve housing; a pressure/vacuum valve riser pipe for fluid communication with the storage tank; a vault in fluid communication with the
pressure/vacuum valve riser pipe, with a lower segment of the pressure/vacuum valve riser pipe fluidly connected to the vault and an
upper segment of the pressure/vacuum valve riser pipe fluidly connected to the vault; the vault sized to selectively receive and enclose
the pressure/vacuum valve; the pressure/vacuum valve operably received in the vault.

These common technical features are disclosed by US 2,935,991 A (ARUTUNOFF): a pressure/vacuum vent for a storage tank (vent pipe
13 and valve assembly 21 with housing 20 (coliectively, a pressure/vacuum vent) for tank 5; figure 1; column 2, lines 9-20), comprising: a
pressure/vacuum valve, comprising: a pressure/vacuum valve housing defining a first port fluidly connecting an interior of the
pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing, and a second port fluidly connecting an interior of
the pressure/vacuum valve housing and an exterior of the pressure/vacuum valve housing (valve assembly 21 received in ring 22 and
retaining rings 23 (collectively, a valve, with ring 22 and retaining rings 23 collectively comprising a valve housing), which have open
upper and lower ends (second and first ports), which connect the interior of ring 22 and retaining rings 23 (collectively, the valve housing)
to the exterior of ring 22 and retaining rings 23, as shown; figure 2; column 2, lines 30-48); a valve assembly actuatable to selectively
allow a vacuum inlet flow from the second port of the pressure/vacuum valve housing to the first port of the pressure/vacuum valve
housing and further actuatable to selectively allow a pressure outlet flow from the first port of the pressure/vacuum valve housing to the
second port of the pressure/vacuum valve housing (valve assembly 21 can be opened or closed by crank arm 34 selectively, allowing
either an inlet vacuum flow from the second to first port or an outlet pressure flow from the first to second port, as shown; figure 2; column
2, line 70-column 3, line 10); a pressure/vacuum valve riser pipe for fluid communication with the storage tank (vent pipe 13
communicates with tank 5 through flanged opening 9, as shown; figure 1-2; column 2, lines 25-35); a vault in fluid communication with the
pressure/vacuum valve riser pipe (housing 20 (vault) in fluid communication with the vent pipe 13, as shown; figure 1-2; column 2, lines
25-35), with a lower segment of the pressure/vacuum valve riser pipe fluidly connected to the vault and an upper segment of the
pressure/vacuum valve riser pipe fluidly connected to the vault (upper and lower segments of vent pipe 13 are connected to the housing
20, as shown; figure 1-2); the vault sized to selectively receive and enclose the pressure/vacuum valve; the pressure/vacuum valve
operably received in the vault (housing 20 is sized to operably receive and enclose the valve assembly 21, as well as the ring 22 and
retaining rings 23, as shown; figure 1-2; column 2, lines 25-45).

Because the common technical features are disclosed by ARUTUNOFF, the inventions are not so linked as to form a single general
inventive concept. Therefore, Groups I-VI lack unity.
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